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PEEFACE. 


"  SCIENCE  IS  THE  KNOWLECaE  OP  MANY,  OBDERLY  AND  METHODICALLY  DIGESTED  AND 
AURANGED,  SO  AS  TO  BECOME  ATTAINABLE  BY  ONE."  Sir  JollU  F.   W.  HeVSChel. 


The  success  of  the  Third  Edition  of  the  "  Principles  of  Physiology, 
General  and  Comparative," — as  evinced,  not  merely  by  its  rapid  sale, 
but  by  the  numerous  expressions  of  high  appreciation  which  it  drew 
forth  from  those  most  competent  to  judge  of  its  merits, — ^has  encouraged 
the  Author  to  carry  into  effect  a  change  of  plan  which  had  suggested 
itself  to  him  during  its  preparation.  For  having  been  led-on  by  the 
desire  of  rendering  his  work  as  complete  as  possible,  to  enlarge  it  to  the 
utmost  admissible  dimensions  of  a  single  volume,  he  felt  that  it  would 
be  impossible  to  do  justice  to  any  subsequent  extensions  which  its  subject 
might  receive,  without  making  some  alteration  in  its  form.  And  this 
conclusion  acquii'ed  a  greatly-increased  force,  when  the  demand  for  a 
new  Edition  led  him  to  survey  the  deficiencies,  which,  notwithstanding 
all  his  care,  had  been  left  in  the  former  one ;  and  to  estimate  the  amount 
of  new  matter,  not  only  deserving  but  requii-ing  notice,  which  the  diligence 
of  observers  in  various  departments  of  this  comprehensive  Science  had 
accumulated  in  the  short  interval.  Instead  of  di^^.ding  the  entire  Treatise 
into  two  Yolumes,  however,  as  suggested  to  him  by  many  of  his  friends, 
the  Author  has  preferred  to  divide  its  subjects,  and  to  treat  of  them 
separately  though  connectedly. 

The  present  Volume,  therefore,  consists  of  the  "  Comparative  Phy- 
siology" of  the  last  Edition,  extended  from  530  pages  to  744,  and  with 
300  illustrations  instead  of  130.  The  First  Chapter  (the  Eighth  of  the 
former  Edition)  has  been  entirely  re-written,  with  the  view  of  bringing 
into  greater  prominence  the  general  doctrine  of  Progress  from  the  General 
to  the  Special;  the  enunciation  of  which  by  Von  Baer  (nearly  thirty 
years  ago)  appears  to  the  Author  to  mark  a  most  important  era  in  the 
Philosophy  of  Physiology,  altiiough  it  is  far  from  having  received  the 
notice  which  it  deserved  from  various  subsequent  writers  who  have 
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followed  lu  the  same  track.  The  principal  additions  and  alterations  in 
the  succeeding  Chapters  (as  to  the  general  arrangement  of  which  no 
change  has  been  found  necessary)  occur  in  the  part  of  Chapter  VI. 
which  relates  to  the  Water-Vascular  System,  and  in  the  part  of 
Chapter  XI.  which  treats  of  the  Sexuality  of  the  Cryptogamia;  in 
regard  to  which  latter  point  the  Author  would  observe,  that  the  coui-se 
of  recent  discovery  has  fully  borne-out  the  anticipations  he  expressed 
in  the  former  edition.  The  whole  work,  however,  has  been  most  care- 
fully revised;  and  the  Author  ventures  to  think  that  the  present 
Edition  more  completely  represents  the  state  of  the  Science  at  the  period 
of  its  publication,  than  any  of  its  predecessors  have  done.  He  can  honestly 
say  that  he  has  spared  no  time  or  labour  in  its  jDreparation,  which  it  has 
been  in  his  power  to  bestow.  And  he  looks  with  hope,  therefore,  to  a 
continuance  of  that  friendly  indulgence  with  regard  to  errors  and  short- 
comings, which  has  been  so  liberally  afforded  on  previous  occasions.  As  to 
certain  points  on  which  his  opinions  have  undergone  modification,  he  can 
again  refer  with  satisfaction  to  the  following  passage  in  the  Preface  to 
his  former  editions: — "Truth  is  his  only  object;  and,  even  if  his  own 
doctrines  should  be  overthrown  by  more  extended  researches,  he  will 
rejoice  in  their  demolition,  as  he  would  in  that  of  any  other  error.  The 
character  of  the  true  philosopher  as  described  by  Schiller, — 07ie  who  has 
always  loved  truth  better  than  his  system, — will  ever,  he  trusts,  be  the  goal 
of  his  intellectual  ambition." 

In  attempting  to  embody  in  a  Systematic  Treatise  the  general  aspect 
of  Physiology  or  any  other  Science  of  like  comprehensiveness,  it  will  be 
obvious  that  an  Author,  however  extensive  his  own  range  of  acquke- 
ment,  must  largely  avail  himself  of  the  labours  of  others ;  and  that  the 
scientific  character  of  such  a  treatise  must  depend,  not  so  much  on  the 
amount  of  original  matter  it  may  contain,  as  on  the  degree  in  which 
"  the  knowledge  of  many"  has  been  "  orderly  and  methodically  digested 
and  arranged,  so  as  to  become  attainable  by  one."  It  is  by  this  standard 
that  the  Author  desires  his  work  to  be  tried ;  and  he  cheerfully  leaves 
the  verdict  to  the  judgment  of  those,  who  are  qualified  by  their  own 
knowledge  of  the  subject  to  pronounce  it.  He  feels  it  due  to  himself, 
however,  to  state  that  he  has  devoted  considerable  time  and  attention  to 
the  verification  of  the  statements  of  other  obsei'vers,  especially  on  points 
under  dispute, — a  kind  of  labour  which  is  but  little  appreciated  by 
those,  who  contemptuously  designate  works  like  the  present  as  "mere 
compilations;"  and  that  a  large  amount  of  materials,  drawn  from  his 
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own  original  enquiries,  is  scattered  through  the  work.  It  would  have 
been  easy  for  him  to  bring  these  last  into  greater  prominence,  had  he 
been  so  disposed;  but  as  his  constant  aim  has  been,  to  work-out  his 
general  plan  harmoniously  and  methodically,  rather  than  to  force  any 
one  poi-tion  of  it  into  undue  prominence,  he  has  generally  preferred  to 
allow  his  own  contributions  to  pass  undistinguished,  rather  than  to  be 
continually  obtruding  his  personal  claims  upon  the  attention  of  his 
readei-s.  He  would  remark,  moreover,  that  originality  may  be  as  much 
shown  in  the  development  of  new  relations  between  facts  and  phenomena 
obseiwed  by  others,  as  in  the  first  discovery  of  such  facts;  and  he  believes 
that  by  the  mode  in  which  he  has  combined  and  arranged  his  materials, 
he  has  frequently  been  enabled  to  impart  a  new  and  unexpected  value 
to  statements,  which,  in  their  previously  isolated  condition,  were  of 
comparatively  insignificant  import. 

Althoiigh,  in  the  selection  of  these  materials,  the  Author  has  endea- 
voured to  avail  himself  of  the  best  and  most  recent  information  he  could 
procure  upon  each  department  of  the  subject,  it  is  scarcely  to  be 
expected  that  he  should  be  equally  well-informed  upon  every  point; 
and  those  who  have  followed  particular  departments  into  detail,  will 
doubtless  find  scope  for  criticism  in  what  they  may  regard  as  deficiencies, 
or  even  as  errors.  Here,  again,  the  Author  must  beg  that  his  work  may 
be  estimated  by  its  general  merits ;  and  rather  by  what  it  does,  than  by 
what  it  does  not  contain.  It  would  have  been  far  easier  to  expand  it 
by  mere  compilation  to  twice  its  present  dimensions,  than  it  has  been 
found  to  compress  the  accumulated  mass  within  the  space  which  it  even 
now  occupies. 

It  has  been  the  Author's  endeavour,  wherever  practicable,  to  draw  the 
materials,  both  for  his  text  and  for  its  illustrations,  direct  from  original 
Treatises  and  Monogi-aphs;  and  thus  to  avoid  the  errors  which  too 
frequently  arise  from  second-hand  transmission.  To  have  attempted, 
liowever,  to  assign  each  individual  fact  to  its  original  discoverer,  each 
docti-ine  to  its  first  enunciator,  would  have  augmented  the  bulk  of  the 
voliime  far  beyond  the  dimensions  appropriate  to  a  Text-Book;  and 
while  most  desirous  to  avoid  taking  credit  for  what  is  not  his  own,  the 
Author  has  felt  himself  compelled  to  limit  his  references,  for  the  most 
part,  to  those  n&i/)  facts  and  doctrines,  which  cannot  be  yet  said  to  have 
become  part  of  tlie  common  stock  of  Physiological  Science.  The  number 
of  such  references  has  been  largely  increased  in  the  present  edition ;  and 
the  "  Index  of  Authors"  which  has  been  added,  will,  it  is  hoped,  be  found 
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usetiU  in  enabling  the  reader  at  once  to  turn  to  the  notice  of  any  original 
observation  that  he  may  desire  to  retrace.  The  Illustrations  not  his  own, 
which  likewise  have  received  numerous  important  additions,  are  referred 
to  their  originals  in  the  list  at  the  commencement  of  the  Volume;  and  this 
list  will  also  afford  useful  assistance  to  those,  who  may  desire  to  cany-out 
their  enquiries  in  any  particular  direction. 

The  Author  cannot  bring  his  task  to  a  conclusion,  without  expressing 
the  great  obligations  under  which  he  lies  to  his  friend  Mr.  T.  H.  Huxley, 
not  only  for  many  valuable  suggestions,  but  also  for  the  readiness  which 
he  has  on  all  occasions  evinced,  to  impart  to  him  whatever  he  might  seek 
from  his  own  extensive  stores  of  original  and  acquired  information;  nor 
without  paying  his  tribute  of  regard  to  the  memory  of  his  lamented 
friend  Mi\  G.  Newport,  whose  premature  death  has  deprived  British 
Science  of  one  of  its  most  ardent  and  disinterested  votaries,  at  a  time 
when  he  was  beginning  to  reap,  in  the  appreciation  of  his  discoveries 
on  the  Impregnation  of  the  Amphibia,*  the  credit  so  justly  due  to  his 
laborious,  accurate,  and  sagacious  researches,  in  the  new  field  to  the 
cultivation  of  which  he  had  latterly  applied  himself 

It  is  the  Author's  intention  to  reproduce  the  "  General  Physiology" 
of  his  former  Edition,  as  a  companion- volume  to  the  present,  so  soon  as 
the  numerous  demands  upon  his  time  may  permit  him  to  bestow  upon 
that  part  of  his  revision  the  careful  attention  which  it  requii-es. 

Univeesitt  Hail,  London, 
June  1,  1854.. 


*  In  a  Postscript  to  the  work  referrecl-to  iu  tlie  uote  to  p.  536,  written  almost  coutem- 
jjoraneously  with  Mr.  Newport's  decease,  Prof.  Bischoff  states  that  he  has  himself  con- 
firmed Mr.  N.'s  observation  of , the  penetration  of  the  Spermatozoon  into  the  ovum  of  the 
Frog,  and  gives  him  full  credit  for  the  determination  of  this  important  fact. 
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CHAPTER  I. 


ON  THE  GENERAL  PLAN  OF  ORGANIC  STRUCTURE  AND 

DEVELOPMENT. 

1  There  are  few  things  more  interesting  to  those  who  feel  pleasure 
in  watching  the  extraordinary  advancement  of  knowledge  at  the  present 
time,  than  the  rapid  progress  of  philosophical  views  in  every  department 
of  Biological  Science;  the  piu-snit  of  which  he^s  nntil  recently  been  made 
to  consist,  almost  exclusively,  in  the  mere  collection  and  accumulation  ol 
fads,  with  scarcely  any  attempt  at  the  discovery  of  the  ic^eas  ol  which 
they  are  but  the  expressions.  The  laws  of  Life  were  long  considered 
beyond  the  reach  of  human  investigation  j  and  the  mmd  shrank  from 
attempting  to  analyse  its  complex  and  varied  phenomena,  wMcli,  though 
constantly  under  observation,  must  be  reduced  to  then-  simplest  form, 
before  any  inductive  reasoning  can  be  founded  upon  them.  It  is  recorded, 
however,  of  Newton,  that,  whilst  contemplating  the  simplicity  and  har- 
mony of  the  plan  according  to  which  the  Universe  is  governed,  as  mani- 
fested in  the  relations  which  his  gigantic  mind  discovered  between  the 
distant  and  apparently-unconnected  masses  of  the  solar  system,  his 
thoughts  glanced  towards  the  organised  creation ;  and  reflecting  that  the 
wonderfid  structure  and  arrangement  which  it  exhibits,  present  in  no 
less  a  degree  the  indications  of  the  order  and  perfection  which  can  result 
from  Omnipotence  alone,  he  remarked,  "  I  cannot  doubt  that  the  struc- 
ture of  animals  is  governed  by  principles  of  similar  uniformity."  ("  Idem- 
que  cUci  possit  de  unifoi-mitate  ilia,  qufB  est  in  corporibus  animalium.") 
"  Why,"  asks  Cuvier  in  his  eloquent  discourse  on  the  revolutions  of  the 
globe,  "should  not  Natural  History  some  day  have  its  Newton?" 

2,  Although  the  labours  of  the  Naturalist  and  Comparative  Anatomist 
have  not  yet  unveiled  more  than  a  small  part  of  that  general  plan,  the 
complete  discovery  of  which  may  perhaps  be  reserved  for  another  Newton, 
many  subordinate  principles  have  been  based  on  a  solid  foundation,  and 
many  more,  which  were  at  first  doubtful,  are  daily  receiving  fresh  con- 
firmation. Several  of  these  laws  are  alike  important  from  their  extensive 
range,  and  interesting  from  the  unexpected  nature  of  the  results  to  which 
they  frequently  lead ;  and  though  their  application  may  sometimes  appear 
forced,  and  inconsistent  with  the  usual  simplicity  of  Nature,  further  in- 
vestigation will  generally  show  that  the  difficulty  is  more  apparent  than 
real, — frequently  arising  solely  from  our  own  prejudices,  and  diminishing 
in  proportion  as  we  fix  our  attention  upon  that  combination  of  wnity  of 
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plan  vnth  variety  of  pmpose,  by  which  is  produced  the  endless  diversity 
united  with  liarmony  of  forms,  so  remarkable  in  the  animated  world 

6.  In  comparmg  phenomena  of  any  kind,  for  the  pui'pose  of  arriving 
at  a  principle  common  to  them  all,  it  is  necessaiy  to  feel  certain  that 
they  are  of  a  similar  character.  Indeed  the  sagacity  of  the  philosopher  is 
often  more  displayed  in  Ms  discovery  of  that  relation  amongst  his  facts 
which  allows  of  their  beiaig  compared  together,  than  in  the  inferences  to 
which  such  comparison  leads  him.  The  brilliancy  of  Newton's  geniu,s 
was  shown  in  the  perception,  that  the  faU  of  a  stone  to  the  earth,  and  the 
motion  of  the  moon  around  it,  were  comprehensible  under  the  same  law  • 
not  in  the  mere  deduction  of  the  numerical  law  from  the  ratios  supplied 
by  those  facts. — In  the  sciences  which  have  Life  for  their  subject,  the 
apparent  dissimilarity  of  the  facts  which  are  made  the  objects  of  com- 
parison, often  prevents  the  true  relation  between  them  from  being  readily 
detected.  Here  it  is  that  the  mental  training  which  the  previous  culti- 
vation of  Physical  science  afibrds,  becomes  peculiarly  valuable  to  the 
Physiologist.  "  The  most  important  part  of  the  process  of  Induction," 
says  Professor  Powell,*  "  consists  in  seizing  upon  the  probable  connecting 
relation,  by  which  we  can  extend  what  we  observe  in  a  few  cases  to  all. 
In  proportion  to  the  justness  of  this  assumption,  and  the  correctness  of 
our  judgment  in  tracing  and  adopting  it,  will  the  induction  be  successful. 
The  analogies  to  be  pursued  must  be  those  suggested  from  already-ascer- 
tained laws  and  relations.  Thus,  in  proportion  to  the  extent  of  the 
inquire/s  previous  knowledge  of  such  relations  subsisting  in  other  pai-ts 
of  Nature,  will  be  his  means  of  guidance  to  a  correct  train  of  inference  in 
that  before  him.  And  he  who  has,  even  to  a  limited  extent,  been  led  to 
observe  the  connection  between  one  class  of  physical  truths  and  another, 
will  almost  unconsciously  acquii-e  a  tendency  to  perceive  such  relations 
among  the  facts  continually  presented  to  him.  And  the  more  extensive 
his  acquaintance  with  Nature,  the  more  firmly  is  he  impressed  with  the 
beKef  that  some  such  relation  must  subsist  in  all  cases,  however  limited  a 
portion  of  it  he  may  be  able  actually  to  trace.  It  is  by  the  exercise  of 
unusual  skill  in  this  way,  that  the  greatest  philosojohers  have  been  able 
to  achieve  their  triumphs  in  the  reduction  of  facts  under  the  dominion  ot 
general  laws." 

4.  The  first  group  of  phenomena  encountered  by  the  Biological  student, 
is  that  presented  in  the  many  hundred-thousand  diverse  forms  of  organic 
structure,  of  which  the  Animal  and  Yegetable  kingdoms  are  made  up ; 
and  it  is  necessary,  at  the  very  outset  of  the  inquiry,  to  settle  the  prin- 
ciples upon  which  these  are  to  be  compared.  In  many  instances,  it  is 
true,  there  can  be  no  room  for  hesitation ;  the  general  type  of  conforma- 
tion of  two  or  more  organisms  being  obviously  the  same,  and  the  differ- 
ences in  detail  never  obscuring  the  resemblances  between  their  comjDonent 
parts.  But  this  holds  good  to  only  a  very  limited  extent ;  and  we  are 
soon  forced  to  recognise  such  essential  differences,  alike  in  the  general 
types  of  conformation,  and  in  the  form  and  structure  of  the  component 
parts,  that  we  feel  the  need  of  some  guiding  principle  according  to  wliich 
we  may  arrange  these  phenomena  for  comparison. — Now  from  the  time 
of  Aristotle,  downwards  to  the  commencement  of  the  present  centiuy, 

*  "  Connection  of  Natural  and  Divine  Tinth,"  p.  33. 
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Anatomists  were  in  the  habit  of  regarding  similarity  m  external  form 
t^din  evident  purpose,  as  indicating  the  analogies  between  chfferent 
parts  Bnt  although  tliis  mode  of  estimating  the  character  of  oipns  is 
perfectly  correct,  when  they  are  considered  as  ^mtr^w^e7Ual  structures - 
that  is,  when  we  are  inquii'ing  into  the  conditions  of  the  f^^^ion  per- 
formed by  them,— it  totally  fails,  when  we  are  m  search  of  the  plcm  oj 
orgamsJion,  according  to  which  their  evolution  has  taken  place  5  smce 
it  is  frequently  found  that  two  organs  which  are  not  unlike  m  external 
form,  and  which  have  corresponding  functions  in  the  system,  origmate 
from  elements  entirely  different,  and  are  therefore  fundamentally  dis- 
similar; whUst,  on  the  other  hand,  organs  which  at  first  sight  present 
little  or  no  resemblance  to  each  other,  and  are  applied  to  veiy  different 
purposes  in  the  economy,  may  be  really  modifications  of  the  same  funda- 
mental components. 

0  If  for  example,  we  take  a  ciu-sory  glance  at  the  organs  ot  support 
or  motion  in  the  air,  with  which  different  Animals  are  fiu^nished,  we  shall 
observe  a  community  of  function,  and  a  general  similarity  of  external 
form,  concealing  a  total  diversity  of  internal  structiu-e  and  of  essential 
character.    Amongst  all  the  classes  which  are  adapted  for  atmospheric 
respiration,  we  encounter  groups  of  greater  or  less  extent,  in  which  the 
resistance  of  this  element  becomes  the  principal  means  of  progression ; 
and  even  among  aquatic  animals,  there  are  instances  in  which  the  fimc- 
tion  of  locomotion  is  partly  dependent  upon  the  same  agency.  Wherever 
true  wings  exist  among  the  Yertebrata,  some  modification  of  the  anterior 
member  serves  as  their  basis ;  but  there  is  considerable  variety  in  the 
mode  in  which  the  apparatus  is  constructed.    Thus,  in  the  Bat  (Fig.  2,  e), 
che  required  area  for  the  surface  of  the  wing  is  formed  by  an  extension  of 
the  skin  over  a  system  of  bones,  of  which  those  of  the  hand  form  by  far 
the  largest  part  j  and  this  membrane  is  extended  also  from  the  posterior 
extremity,  and  is  attached  to  the  whole  length  of  the  trunk,  as  well  as  to 
the  taU  where  one  exists.    In  the  Bird  (Fig.  2,  b),  on  the  contrary,  the 
wing  is  formed  by  the  skin  and  its  appendages  attached  to  the  anterior 
member  alone ;  and  here  the  bones  of  the  hand  are  developed  in  a  com- 
paratively slight  degree,  those  of  the  arm  and  fore-arm  being  the  principal 
support  of  the  expansion.    From  what  is  preserved  of  the  Pterodactylus, 
it  seems  that  the  wing  of  this  extraordinary  animal  was  extended,  not 
over  the  whole  member  as  in  the  Bird,  nor  over  the  hand  as  in  the  Bat, 
but  over  one  of  the  fingers  only,  which  was  immensely  elongated  in  pro- 
poi'tion  to  the  rest  (Fig.  1).    In  the  Flying-fish,  again,  the  pectoral  fins 
may  be  regarded  as,  in  some  sort,  its  wings  (though  it  does  not  appear 
that  the  animal  has  the  power  of  raising  itself  by  means  of  their  action 
on  the  air,  the  impulse  being  given  at  the  moment  of  quitting  the  water) ; 
these  fins  evidently  represent  the  anterior  members  of  higher  Vertebrata ; 
but  the  bones  of  the  arm  and  fore-arm  are  scarcely  developed,  while  the 
hand  is  expanded,  and  joined  immediately,  as  it  were,  to  the  trunk. — A 
very  different  structure  prevails  among  those  imperfect  wings,  which 
serve  rather  to  support  the  animals  which  possess  them,  in  their  move- 
ments through  the  air,  than  to  propel  them  in  that  medium.    Thus,  in 
the  Flying  Squirrels,  Flying  Lemurs,  and  Phalangers  or  '  flying  opos- 
sums,' there  is  an  extension  of  the  skin  between  the  fore  and  hind  legs, 
which,  by  acting  as  a  parachute,  enables  these  animals  to  descend  with 
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safety  from  considerable  heights:  in  the  Draco  volmis,  on  the  other  hand, 
the  wings  are  affixed  to  the  sides  of  the  back,  being  supported  by  pro- 
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longations  of  the  ribs,  and  are  quite  independent  of  the  extremities.  d 
Here  we  have  still  the  same  function  and  general  form;  but  it  would 
evidently  be  absurd  to  say  that  the  organs  are  of  the  same  structural 
character. — A  still  greater  departure  from  the  tjrpe  with  which  we  are 
familiar  among  the  higher  animals,  is  presented  by  the  wings  of  Insects; 
for  these  are  formed  by  an  extension  of  the  superficial  tegumentary  mem- 
brane over  a  framework  that  is  not  derived  from  an  internal  osseous 
skeleton,  but  is  an  extension  of  the  denser  siibjacent  layer  of  the  external 
integument ;  and  this  framework  is  penetrated,  throughout  its  ramifica- 
tions, by  '  trachese'  or  air-tubes,  communicating  with  those  of  the  iaterior 
of  the  body,  and  also  (at  least  in  the  early  state  of  these  organs)  by  vessels 
or  passages  for  the  circulation  of  blood.  As  regards  their  essential  struc- 
ture, in  fact,  these  wings  correspond  closely  with  the  external  respiratory 
organs  with  which  certain  aquatic  Larvte  (as  that  of  the  Epliemera)  are 
provided ;  and  hence  they  have  been  not  inaj)propriately  designated  by 
Oken  as  'aerial  gills.'*  They  may,  in  fact,  be  regarded  as  an  excessively 
developed  form  of  those  external  appendages  of  the  lower  Articulata, 
which  are  subservient  to  locomotion  and  to  respiration  jointly;  and  it  is 
a  very  interesting  example  of  the  similarity  of  modification  which  very 
different  plans  of  structm-e  may  undergo,  when  a  common  purpose  is  to  ' 

*  The  attempts  of  a  generation  of  Entomologists  now  passing  away,  under  the  influence 
of  the  erroneous  idea  already  referred-to  (§  4),  at  bringing  into  comparison,  as  similar 
organs,  the  wings  of  Insects,  and  the  antci-ior  members  of  the  flying  Vei-tebrata,  can  now 
only  excite  a  smile  on  the  part  of  the  Philosophical  Anatomist.  Such  attempts,  however, 
have  exercised  a  most  injurious  influence  on  the  progress  of  science,  by  drawing  off  the 
attention  of  Naturalists  from  the  true  method  of  philosophical  research. 
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be  fixlfilled,  that,  in  the  wing  of  the  Bii-d,  as  well  as  in  that  of  the  Insect, 
tteiS^shol  be  ;  special  prolongation  of  the  respiratory  passages  mto  the 

'71^^;^:^'^  mi^  readily  be  adduced  fron.  the  AnW 
kingdom :  but  the  Vegetable  world  affords  them  in  even  gi^eater  abun- 
toe  To  take  a  very  simple  case;-the  expanded  foliaceous  surface 
t Wc.h  which  the  Plant  obtains  from  the  atmosphere  the  prmcipal  part 
of  tlS'solId  materials  of  its  growth,  though  usually  afforded  by  the  leave^ 
which  are  appendages  to  the  axis  developed  for  this  express  purpose  ^ 
ometimes  provided,  as  in  the  Ga^acece,  by  the  extension  of  the  sm-face  of 
the  stem  itself,  which  remains  sofb  and  succulent;  whilst  in  many  of  the 
Acacias  of  New  Holland,  as  in  the  sub-aquatic  leaves  of  the  SagUtarm  of 
this  coimtry,  it  is  given  by  the  laminal  compression  of  the  petiole  or  leaf- 
stalk. So,  again,  the  tendrU,  which  is  an  organ  developed  for  the  pui- 
pose  of  supporting  the  plant  by  twining  round  some  neighbouring  prop, 
is  in  the  a  transformation  of  the  peduncle  or  flower-stalk,  m  the 
Fea  a  prolongation  of  the  petiole  or  leaf-stalk,  in  the  Cucumber^  trans- 
formation of  the  stipule,  and  in  Gloriosa  the  point  of  the  leal  itseli; 
whilst  in  the  singular  genus  Strophanthus,  it  is  actually  the  point  ot  tHe 
petal  which  becomes  a  tencbil  and  twines  round  other  parts. 

7.  We  can  scarcely  select  any  example  of  diversity  of  external  con- 
formation and  of  function,  superinduced  upon  an  essential  unity  ot 
organization,  so  appropriate  as  that  which  is  afforded  by  the  comparison 
of  those  different  modifications  of  the  limbs  or  members,  and  especially  ol 
the  anterior  pair,  by  which  the  several  species  of  Vertebrated  animals  are 
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Different  foras     Anterior  Memher  :— a,  Fish;  B,  Bird;  o,  Dolphin ;  D,  Deer;  e,  Bat;  f,  Man. 


adapted  to  the  most  diversified  modes  of  life.  No  Comparative  Anatomist 
has  the  slightest  hesitation  in  admitting  that  the  pectoral  fin  of  a  Fish 
(Fig.  2,  a),  the  wing  of  a  Bird  (b),  the  paddle  of  a  Dolphin  (c),  the  fore- 
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leg  of  a  Deer  (d),  the  wing  of  a  Bat  (e),  and  the  arm  of  a  man  (p),  are 
the  same  organs,  notwithstanding  that  their  forms  are  so  varied,  and  the 
xises  to  which  they  are  appHed  so  imlike  each  other.  For  all  these 
orgtxns  not  only  occupy  the  same  position  in  the  fabric,  but  are  developed 
after  the  same  manner;  and  when  their  osseous  frame-work  is  exanuned, 
it  is  foiuid  to  be  composed  of  parts  which  are  strictly  comparable  oxue  with 
another,  although  varying  in  number  and  in  relative  proportion.  Thus, 
commencing  from  the  shoulder-joiat,  we  can  almost  everywhere  recognize 
without  difficulty  the  humerm,  it  being  only  in  Fishes  that  this  is  so 
little  developed  as  not  to  intervene  between  the  scapula  and  the  bones 
of  the  fore-arm;  next  we  have  the  radius  and  ulna,  whose  presence 
is  always  distinguishable,  although  one  of  them  may  be  in  only  a  rudi- 
raentary  condition;  then,  beneath  the  wrist-joint  (through  which  a  dotted 
line  is  drawn  in  the  figure),  we  find  the  bones  of  the  carpus,  which  are 
normally  ten  in  number,  formirig  two  rows,  but  which  may  be  reduced 
by  non-development  to  any  smaller  number — ^three,  two,  or  even  one ; 
next,  we  find  the  metacarjjal  bones,  which  are  normally  five,  but  are 
sometimes  i-educed  among  the  higher  vertebrata  to  four,  three,  two,  or 
one,  whUst  in  Fishes  they  may  be  multiplied  to  the  number  of  twenty 
or  more ;  and  lastly  we  have  the  digital  bones,  of  which  there  ai-e  normally 
five  sets,  each  consisting  of  three  or  more  phalanges,  but  which  are  subject 
to  the  same  reduction  or  multiplication  as  the  metacarpal.^ — It  is  entirely 
from  the  difierences  of  conformation  which  these  osseous  elements  gradu- 
ally come  to  present  in  the  course  of  their  development,  that  those  special 
adaptations  arise,  which  fit  their  combination  in  each  case  for  the  wants 
of  the  particular  species  that  possesses  it ;  enabling  it  to  be  used  as  an  in- 
strument for  terrestrial,  aquatic,  or  aerial  progression,  for  swimming  and 
diving,  for  walking  and  running,  for  climbing  and  fiying,  for  biuTowing 
and  tearing,  or  for  that  combination  of  refined  and  varied  manipulations 
which  renders  the  hand  of  Man  capable  of  serving  as  the  instrument 
wherewith  to  execute  the  conceptions  of  his  fertile  intellect. 

8.  We  may  have  recourse  to  the  Respiratory  system,  for  another 
instance,  which  will  bring  the  contrast  between  functional  similarity,  or 
analogy,  and  organic  correspondence,  or  homology,*  into  clear  view. — An 
uninstructed  observer  would  scarcely  perceive  any  resemblance  between 
the  gUls  of  a  Fish  (Fig.  145),  and  the  lungs  of  a  Quadruped  (Fig.  154),  or 
between  the  elegant  tufts  on  the  head  of  a  Sabella  (Fig.  1 44),  and  the  air- 
tubes  ramifying  thi-ough  the  body  of  an  Insect  (Fig.  149);  and  those  who 
are  in  the  habit  of  forming  exclusive  notions  upon  a  hasty  survey,  might 
be  led  to  deny  that  any  real  analogy  could  exist.   When  the  chai-acter  of 

*  In  earlier  editions  of  this  work,  the  terms  functional  and  structural  analogy  were 
used  to  express  tlie  mutual  relation  of  parts,  on  the  one  hand  as  imtrumcntal  structures, 
on  the  other  as  fundamentally  or  organically  correspondent.  It  will  be  found  con- 
venient to  limit  (as  Prof.  Owen  has  done)  the  use  of  the  term  Analogy  to  functional 
resemblance,  and  to  employ  Homology  as  indicative  of  structural  correspondence.  Thus 
by  Analogue  we  now  understand  "  a  part  or  organ  in  one  animal,  which  has  the  same 
function  as  another  part  or  organ  in  a  different  animal :"  whUst  by  Homologue  is  implied 
"the  same  organ  in  different  animals  under  every  vai-iety  of  form  and  function."  (Prof. 
Owen's  "Hunterian  Lectures,"  Vol.  I.  Glossary.)  Thus,  for  example,  tlie  wing  of  an 
Insect  is  the  analogue  of  that  of  a  Bat  or  Bird,  but  not  the  homologue ;  whilst  the  latter 
is  homologous  with  the  arm  of  Man,  the  fore-leg  of  a  Quadruped,  and  the  pectoral  fin 
of  a  Fish. 


UOMOLOGY  AND  ANALOGY. 

the  fvmction  is  investigated,  however,  with  the  stmctui^e  which  it  requires 

Lvult  S  trumental  structvu-es,  and  that  their  modifications  m  par- 
t^:  LZoes  (which  wiU  hereafter  be  specially  "^^VhS 
to  adapt  them  to  the  plan  and  conditions  of  the  organism  at  large,  ihero 
L  ;Soie'7^«c«^  considered,  a  relationship  oi  cmcdogy  amongst 
all  Xese  o;-gans;  although  they  are  not  reaUy  the  ho^^gues  of  on 
another.  Thus,  the  gills  of  the  Fish,  and  the  branchial  tufts  oi  the 
Srella,  are  externalVolongations  of  the  tegumentary  suiface,  whilst 
the  tra\e^  of  the  Insect,  and  the  lungs  of  an^-breathing  ^ertebrata  are 
internal  reflexions  of  that  siuface;  and  farther,_the  two  former  sets  of. 
or-ans,  as  the  two  latter,  differ  from  each  other  m  regard  to  the  pa,  tot 
the  sm-face  from  which  the  prolongation  or  inversion  takes  place,  in 
the  PerennihrancUate  Batrachia,  moreover,  both  lungs  and  gUis  are 
present:  and  their  essential  difference  of  character  is  most  apparent, 
wliilst  theii-  correspondence  as  instmments  of  the  same  fimctional  opera- 
tions is  equally  evident.  Fuii^her,  in  the  air-bladder  of  thQ  l  ish,  we 
have  an  apparently  anomalous  organ,  the  only  known  use  of  wiuch  is  to 
assist  in  locomotion;  yet  when  a  comparison  is  made  between  its  most 
developed  forms  and  the  simplest  pulmonary  sacs  of  Amphibia,  no  doubt 
can  remain  that  it  is  to  be  regarded  as  a  rudimentary  lung;  and  the 
study  of  its  development  leads  to  the  same  conclusion.  (See  chap,  vi.) 

9.  It  would  be  easy  to  adduce  numerous  parallel  examples  from  the 
Vec^etable  kingdom;  wherein  organs  which  correspond  in  structure,  con- 
nections, and  development,  and  which  are  therefore  homologous,  are 
observed  to  assume  the  most  varied  forms,  and  to  perform  the  most 
different  fimctions.  It  will  be  sufficient,  however,  to  advert  to  the  well- 
known  fact,  that  the  underground  '  creeping  roots'  (as  they  are  com- 
monly accounted)  of  the  Couch-grass,  the  subterranean  '  tuber'  of  the 
Potato,  the  '  rhizoma'  or  '  root-stalk'  of  the  Iris,  the  solid  '  cormus'  of  the 
Colchicum,  the  '  bulb'  of  the  Hyacinth,  and  the  '  runner'  of  the  Straw- 
berry, are  not  less  truly  stems,  than  are  the  lofty  trunks  of  the  Palm  or 
Elm,  notwithstanding  the  variety  in  their  form,  texture,  and  mode_  of 
gi-owth;  for  they  all  constitute  the  ascending  axes  of  the  Pl^ts  of  which 
they  respectively  form  pai-t,  and  have  the  power  of  developing  the 
foliaceous  appendages  which  become  leaves  or  flowers,  whilst  the  radical 
fibres,  which  constitute  the  essential  part  of  the  roots,  grow  do^vnwards 
from  their  base. 

10.  In  all  these  cases,  we  might  with  perfect  propriety  found  any 
inquiries  regarding  the  functional  2'>ower  of  the  organs  respectively  com- 
pared, upon  their  capacity  as  instruments  adapted  for  a  particular  purpose. 
For  example,  we  might  estimate  the  respective  force  with  which  Bii-ds, 
Bats,  and  Insects,  could  be  propelled  through  the  air,  by  ascertaining  the 
superficial  area  of  their  wings,  and  the  energy  and  rapidity  with  which 
these  are  moved;  or  we  might  judge  of  the  respii-atory  power  of  an 
Animal  or  Plant,  by  the  extent  of  surface  through  which  the  nutritive 
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flmd  comes  into  relation  with  the  atmosphere,  by  whatever  portion  of 
the  tal.ric  that  sm-face  miglxt  be  afforded.  But  the  Philosophical 
ivnatomist,  who  seeks  to  determine  the  orgamio  relation  of  these  parts, 
must  tu-st  consider  theii-  internal  conformation,  and  examine  into  the 
slructwral  eleimnts  of  which  they  are  composed.  In  the  cases  just  alluded 
to,  be  would  find  not  merely  the  osseous  elements,  but  the  muscles, 
nerves,  blood-vessels,  &c.,  presenting  essentially  the  same  disposition  in 
the  arm  of  Man,  the  fore-leg  of  the  Quacbuped,  or  the  wing  of  the  Bat 
or  Bu-d.  But  on  passing  to  the  Insect,  he  would  encounter,  as  we  have 
seen,  an  entire  change  in  the  plan  of  structure;  the  same  pui-pose  being 
fulfilled  by  instrumental  means  of  a  very  different  order,  corresponding, 
in  fact,  to  those  which  in  the  Articulata  generally  are  made  subseiwient  to 
the  respiratory  process.— The  next  step  in  the  determination  of  homologies, 
is  to  trace  the  conneciioTis  of  the  organs  compared,  which  frequently 
enables  the  real  nature  of  parts  to  be  recognized,  which  would  be  otherwise 
obscui-e.  For  it  is  a  principle  of  very  extensive  application,  that  similar  parts 
are  connected  with  similar  parts,  in  different  animals  of  the  same  type. 
Thus,  we  never  find  a  hand  or  foot  spriaging  directly  from  the  spinal  column 
of  a  Vertebrate  animal;  the  connection  beiug  always  established  by  other 
bones,  which,  whatever  may  be  the  variety  in  their  size  and  shape,  are 
never  wholly  wanting.  Hence,  where  we  find,  as  in  the  Fish,  the  hand 
excessively  developed,  and  no  external  trace  of  an  arm  or  fore-arm,  we 
expect  to  find  it  supported  internally  by  a  radius  and  ulna,  and  these 
again  to  be  connected  with  the  scapular  arch  by  the  iutermediation  of  a 
humeinis.  Now  the  bones  of  the  fore-arm  are  generally  distinctly  deve- 
loped, whilst  the  humerus  very  commonly  coalesces  with  the  coracoid, 
so  that  its  presence  might  be  easily  overlooked;  yet  even  this  is  foimd 
in  certain  species  to  be  present  as  a  separate  bone.* — Great  assistance, 
again,  in  the  determination  of  the  homologies  of  organs,  is  afforded  by 
the  examination  of  transitional  or  intermediate  forms.  Thus,  it  has  been 
by  the  regular  progression  exhibited  in  the  structm-e  of  the  pulmonic 
appai-atus,  from  the  simple,  closed,  undivided  air-sac  of  most  Fishes, 
through  the  higher  forms  which  this  organ  presents  even  in  that  class, 
and  through  the  various  phases  which  it  exhibits  in  the  Perennibran- 
chiate  Batrachia,  that  the  homology  of  the  swimming-bladder  of  the 
Fish  with  the  hmg  of  the  air-breathing  Vertebrata  has  been  established. 
In  lilce  manner,  it  has  been  by  tracing-out  the  iutermediate  forms  of  the 
bones  of  the  extremities  (Fig.  3,  b,  d),  that  Prof.  Owen  has  succeeded  in 
proving  the  complex  limbs  of  the  higher  Yertebrata,  to  be  homologous 
with  the  simple  rod-Uke  members  (a,  c)  of  the  Lepidosiren  (Fig.  150);  whilst 
these  last  serve  as  the  connecting-link,  whereby  the  homology  of  the  sca- 
pular and  pelvic  arches  with  the  haemal  or  visceral  arches  of  other  verte- 
bral segments  is  indicated;  the  bones  of  the  limbs  being  at  the  same  time 
shown  to  be  homologous  with  their  '  divei'ging  appendages'  (of  which  we 
have  examples  in  the  backward  projections  that  spring  fi'om  the  ribs  of 
Birds),  and  the  scapular  arch  with  its  anterior  members  being  thus  found 

*  See  Prof.  Owen's  "Lectures  on  Comparatiye  Anatomy,"  Vol.  II.  p.  120.  The  two 
bones  supporting  the  Fin  in  Fig.  2,  A,  are  considered  by  Prof.  Owen  to  be  elongated 
carpals,  not  (as  usually  supposed)  radius  and  ulna.  If  this  be  the  case,  the  member 
should  have  been  so  placed  in  the  figure,  that  the  dotted  line  which  marks  the  place  of 
the  wrist-joint  sliould  liave  passed  ahovc  instead  of  licloio  them. 
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to  be  the  completion  of  tlie  occipital  segment,  whoso  centrum  and  neural 
Irch  ei  3  the  composition  of  the  cranium.    So,  again,  the  identity  of 
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™Cai3  of  the  pel^o  vertebra,  or  iliac  bone ;  h,  63,  htemapophysis  of  the  pelyic  vertebra,  or 
LSc  bone  ;  a,  65-69,  diverging'appendages  of  the  pelvic  vertebra,  or  posterior  limbs. 


com 


..^position  between  the  jaws  and  the  true  legs  of  the  Crustacea,  is  shown 
by  the  transitional  gradations  presented  by  the  feet-jaws.  And  turning  to 
the  Vet^etable  kingdom,  we  find  the  mutual  relations  of  the  parts  of  the 
flower,  and  their  homology  with  the  leaves,  to  be  indicated  by  those  cases  in 
which' there  is  a  gradational  passage  from  the  leaf  to  the  bract,  from  the 
bract  to  the  sepal,  from  the  sepal  to  the  petal,  from  the  petal  to  the 
stamen,  and  from  the  foliaceous  type  to  the  carpel  (§  30).— But  it  is 
most  certain  that,  of  all  the  means  of  discovering  the  structural  relations 
of  organs,  the  study  of  their  development  is  most  important;  since  this, 
if  carefully  pursued,  will  probably  never  fail  to  clear  up  whatever  doubts 
may  be  left  by  other  modes  of  investigation.    It  is  in  this  manner  that 
the  true  solution  has  been  at  last  attained,  of  many  of  the  most  difficult 
and  most  controverted  questions  in  the  science; — questions  which  have 
reference,  not  merely  to  the  nature  of  particular  organs,  but  to  the 
relations  subsisting  between  different  gi'oups  of  living  beings.    And  it 
is  in  this  path,  therefore,  that  the  Philosophic  Naturalist  can  press 
forward  with  the  most  assured  prospect  of  success,  in  the  search  for  that 
general  plcm  of  Organisation,  which  it  is  his  highest  object  to  discover, 

11.  Thus  we  are  led  by  the  study  of  MorjjJwlogy  (that  is,  by  the 
recognition  of  '  homologous  '  organs,  under  whatever  forms  they  may  pre- 
sent), to  the  perception  of  that  gi-eat  general  truth,  which  is,  perhaps,  the 
highest  yet  attained  in  the  science  of  Organisation,  and  which  is  even  yet 
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Sir  wo^';^^  ^""^i^  developed;  that  in  the  several  tribes  of  organised 
bcmg.  we  have  not  a  mere  aggregation  of  individuals,  each  formed  upon 

rr.;2ro7  ^  throughout  ea<3h  assemblage  a  conformity 

mo?W^T.i  ^/^^'.T^^*^^  expressed  in  an  '  ai-chetyj^e '  or  ide^ 

mode  ,  and  of  which  eveiy  modification  has  reference  either  to  the  peculiar 
conductions  under  wh.ch  the  race  is  destined  to  exist,  or  to  its  relations  to 
ihZ:.  :^^'  «P««ial  modifications,  again,  the  most  important 

tZt^T  ^T""*  ^  ^^^^^^^^^y  to  a  plan  of  less  generality ;  those  next 
n  order  to  a  plan  of  still  more  limited  extent :  and  so  on,  xmtU  we  reach 
those  which  are  peculiar  to  the  individual  itself.    This,  in  fact,  is  the 
R:  ^^P^^^^^^^  ^f  the  whole  science  of  Classification.  '  For,  to  take 

the  Vertebrate  series  as  our  Hlustration,  we  find  that  Fishes,  ReptUes 
tiu-ds  and  Mammals  agree  in  certain  leading  featui-es  of  theii-  structiu-e 
which  constitute  them  vertebrated  animals ;  but  this  structui^e  is  displayed 
under  diversified  aspects  in  these  classes  respectively,  which  constitute 
their  distinctive  attributes.    Thus,  of  the  general  vertebrated  type,  the 
bish  presents  one  set  of  special  modifications,  adapting  it  to  its  peculiar 
mode  of  Me ;  the  Reptile,  another;  the  Bii-d,  a  third ;  the  Mammal,  a 
tourth.    bo  again,  m  each- of  these  classes,  we  find  its  general  type  pre- 
senting subordinate  modifications  in  the  respective  orders;  thus  for 
exarnple,  the  ReptUian  type  exhibits  itself  under  the  diverse  aspects  of 
the  J^rog,  the  Snake,  the  Lizard,  and  the  Turtle;  the  Mammalian,  under 
those  of  the  Whale  and  the  Bat,  the  Sloth  and  the  Deer,  the  Elephant 
and  the  Tiger,  the  Kangaroo  and  the  Monkey,  the  Ornithorhyncus  and 
Man.    Each  order,  again,  is  subdivided  into  families,  in  accordance  with 
the  subordinate  or  more  special  modifications  which  the  type  of  the  order 
presents;  every  one  of  these  families  displaying  the  type  of  the  class  and 
order,  vsdth  distinctive  variations  of  its  own.     Each  family  consists  of 
genera,  in  every  one  of  which  the  famOy  type  is  presented  under  a  some- 
what diversified  aspect.    Each  genus  is  made  up  of  an  aggregation  of 
si^ecies,  which  exhibit  the  generic  character  under  a  variety  of  modifica- 
tions ;  these,  however  slight,  being  uniformly  repeated  through  successive 
generations.    Lastly,  each  species  is  composed  of  an  assemblage  of  indi- 
viduals, every  one  of  which  repeats  the  type  of  its  kingdom,  sub- 
kingdom,  class,  order,  family,  genus,  and  species,  through  its  whole  line 
of  descent. 

12.  Thus,  in  assigning  to  any  particular  being  its  place  in  the  Organised 
Creation,  we  have  to  proceed  from  the  general  to  tJw  special. — "We  will 
suppose  an  unknown  body  to  be  brought  for  our  determination;  the  fii-st 
business  is  to  ascertain  whether  it  be  an  Organised  fabric,  or  a  mass  of 
Inorganic  matter.  This  is  soon  discriminated,  in  the  majority  of  cases, 
by  an  appeal  to  those  most  general  characters  wMch  distinguish  all  organ- 
ised structures  from  inorganic  masses ;  and  the  next  question  is  to  deter- 
mine its  Animal  or  Vegetable  natui-e,  by  the  aid  of  those  characters 
which  are  not  common  to  both,  but  are  distinctive  of  each  res^^ectively. 
We  will  suppose  the  Animal  nature  of  oiu-  unknown  body  to  have  been 
ascertained;  the  question  next  arises,  to  which  of  the  foiu'  sub-kingdoms 

*  For  an  admirable  exposition  of  this  doctrine,  as  it  respects  the  osseous  system  of 
Vertebrated  Animals,  see  Prof.  Owen's  treatise  on  ' '  Tlie  Archetype  and  Homologies  of 
the  Vertebi'ate  Skeleton." 
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to  charaotei-s  which  aie  ^^^^  S^^^^  animals,  but  being 

■common  to  -UXTtle  fo4  Then  having 

rnera  tTncludes;  and  lastly,  its  species,  by  characters  which  are  the 
most  special  of  aU,  that  is,  which  are  limited  to  that  race  alone. 

13  Now  if  ou^  classification  were  perfect,  it  would  be  comparatively 
easy  to  determine  the  'archetyi^e'  or  ideal  model  of  each  group;  because 
ve^should  have  all  the  forms  before  us  by  the  comparison  of  wluch  the 
Pliilosophical  Zoologist  seeks  to  educe  what  is  common  to  the  whole.  Jiut 
iwS  it  has  often  been  found  extremely  difficult  to  determine  what 
shall  be  considered  as  characters  of  classes,  what  of  orders  and  so  on; 
since  their  respective  values  are  very  commonly  mistaken  by  those  who  are 
imperfectly  acquainted  with  the  true  principles  of  classification,  and  some- 
times even  by  the  instructed  Naturalist.  Thus  in  popular  ideas,  a  Bat  ranks 
as  a  Bu-d, because  it  flies  by  wings  through  the  air;  whilst  the  Whale 
ranks  as  a  Fish,  on  account  of  its  fish-Uke  form,  habitation,  and  mode  of 
pro<n.'ession.    But  the  scientific  Zoologist  has  no  hesitation  m  placing  the 
Bat°amon(rst  the  MammaHa,  because  it  presents  aU  the  characters  which 
are  essentfal  to  that  class,  and  which  disting-uish  it  from  that  of  Birds; 
namely  its  viviparous  and  placental  generation,  its  subsequent  nurture 
of  its  young  by  lactation,  its  covering  of  hair,  the  dental  armature  of  its 
mouth,  its  diaphragmatic  respiration,  its  highly-developed  cerebrum,  and 
many  other  peculiarities  of  conformation;  whilst  its  apparent  resemblance 
to  the  class  of  Birds  merely  results  from  the  adaptation  of  the  Mammalian 
type  to  an  aerial  life.    So,  again,  notwithstanding  its  fish-like  habits, 
and  the  peculiarities  of  structure  which  adapt  it  to  these,  the  Whale  is  a 
Mammal  in  all  which  is  essentially  characteristic  of  the  class,  and  which 
distinguishes  it  from  that  of  Fishes ;  namely,  its  atmospheric  respiration, 
its  complete  double  circulation,  its  warm  blood,  its  viviparous  generation 
and  subsequent  lactation,  its  well-developed  cerebrum,  its  osteological  and 
many  other  peculiarities. — Here,  then,  the  determination  is  easy  to  those 
who  possess  but  a  smattering  of  Zoological  knowledge.  But  we  will  take 
another  case,  in  which  a  fundamental  error  was  committed  even  by  a 
great  Master  in  modern  science,  owing  to  his  misapprehension  of  the 
value  of  characters.    Following  too  closely  the  indications  afforded  by 
the  teeth  (which  are  valuable  in  so  far  only  as  they  serve  as  a  key  to  the 
general  plan  of  conformation),  Cuvier  placed  the  Marsupial  Ma/)nmalia 
in  the  first  instance  as  a  subdivision  of  his  order  Carna/t-ia;  and  even 
when  he  subsequently  raised  them  to  the  rank  of  a  distinct  order,  he  gave 
them  a  position  intermediate  between  the  Carnaria  and  the  Rodentia. 
Likewise,  on  account  of  the  absence  of  teeth,  he  associated  the  Monotre- 
inata  with  the  Sloths  and  Ant-eaters,  in  his  order  Edentata;  satisfying 
himself  with  indicating  that  they  presented  a  certain  degree  of  affinity 
to  the  Marsupiata.    Now  the  mutual  resemblance  of  these  two  orders  is 
extremely  close ;  and  their  unlikeness  to  all  other  Mammalia,  in  the 
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Structure  of  their  cerebrum,  and  in  the  mode  in  which  the  genital 
tunction  IS  performed  (two  characters  of  fundamental  importance),  is 
such  as  unquestionably  to  require  their  detachment  aa  a  distinct  sub- 

^r+t"!?^""'  ""^T'  ''^  """^  '''''^'^S  to  be  perceived,  that  the  adaptation 
ol  the  Mammalian  structure  to  a  fish-like  habit  of  life,  is  not  of  itself 
suflicient  to  assemble  all  the  animals  which  present  it  into  a  distinct 
order;  for  wlulst  the  greater  pax-t  of  those  which  agree  in  possessing  the 
Oetacean  form,  agi-ee  also  in  structure  and  cai-nivorous  habit,  there  are 
cei-tam  genera  (the  Dugong,  Manatee,  and  Stdlenne)  which  have  been 
until  recently  ranked  with  them,  but  which  are  found  rather  to  corre- 
spond m  the  more  essential  peculiarities  of  their  organisation  with  the 
p-eat  series  of  lierbivorom  Mammals,  and  to  be  comiected  with  that  series 
by  forms  now  extinct. 

14.  Many  other  examples  might  be  cited,  illustrative  of  this  difficulty, 
which  is  one  that  especially  presents  itself  among  the  lower  classes  of 
animals,  with  whose  structure  and  physiology  the  acquaintance  of  the 
Naturalist  is  as  yet  very  imperfect.  It  is  one,  however,  which  is  continu- 
ally lessening  with  the  progress  of  research ;  and  whilst,  therefore,  we 
should  avoid  placing  too  much  confidence  in  existing  systems  of  classifi- 
cation, and  in  existing  ideas  of  what  really  constitute  natural  groups,  we 
may  look  forwards  with  hope,  if  not  with  absolute  confidence,  to  the 
gradual  accumulation  of  those  materials,  which  shall  enable  the  Philo- 
sophic Naturalist  to  do  that  for  each  group,  which  has  been  already 


Fig.  4. 

A 


Fig.  5. 


Awitifa  l<Em$;—A.,  group  of  animals  of  difierent  ages,  as  attached  in  the  living  state :— n, 
interior  structure,  enlarged,  as  shown  by  the  removal  of  tho  valves  of  one  side ;  a,  peduncle  ; 
6,  mantle ;  c,  cephalic  portion  of  tho  body ;  d,  mouth ;  e,  articulated  members ;  /,  Uabelliform 
appendages  (or  Dranchia:) ;  g,  abdominal  appendage. 
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effected,  in  gi-eat  measure,  for  the  Vex-tebrated  series.    In  the  cletermina- 
tfon  of  the  relative  importance  of  characters  xt  is  certain  that  great 
assitance  may  be  expected  from  the  study  of  ^evelopinent ;  although 
mav  not  perhaps  go  the  full  loxxgth  with  those  who  maxntain,  that  xt  shoxx^d 
coStSutrthe^ok  basis  of  all  classification  (§  76)  -It  would  be  scarcely 
poSle  to  adduce  a  more  apposite  illustration  of  the  essential  xmportance 
of  this  knowledge,  to  the  determination  of  the  true  posxtxon  and  relations 
of  a  group  of  Animals  distingxxished  by  characters  that  seem  to  folate  it 
from  all  others,  than  is  afforded  by  the  case  of  the  G^rrhvpeds,  or  Barnacle 
tribe  (Fic.  4).     By  all  the  earlier  Naturalists,  this  group  was  unhesi- 
tatingly deferred  to  the  Molluscous  sub-kingdom;  being  allied  to  the 
classes  of  which  that  division  is  composed,  in  the  softness  of  its  body  and 
appendages,— in  the  inclusion  of  these  within  a  hard  casing  that  is  not 
fitted  upon  them,  like  the  'test'  of  a  Crab  or  Lobster,  but  loosely  enve- 
lopes the  whole,  like  the  '  shell'  of  a  Mussel  or  Limpet,— and  m  the  fixity 
of  the  animal  to  one  spot  dui^ing  (apparently)  the  whole  of  its  existence, 
the  Bwrnade  being  anchored  by  a  long  flexible  tubular  peduiicle  as  a 
Pinna  is  anchored  by  its  byssus,  whilst  the  Balanus  is  attached,  like  the 
Oyster,  by  the  adhesion  of  the  shell  itself  to  some  solid  basis  of  support. 
Even  Cuvier  left  them  in  this  position;  although  he  had  been  led  by  the 
study  of  the  anatomy  of  the  animal  inhabitants  of  the  shells,  to  recognize 
theix-  strong  affinities  to  the  Articulated  series.    For  he  perceived  that 
their  bodies  are  quite  symmetrical,  and  present  indications  of  division 
into  a  longitudinal  succession  of  segments,  each  of  them  furnished  (Fig.  5.) 
with  a  pair  of  articulated  appendages ;  their  mouth  he  observed  to  be 
ftimished  with  lateral  jaws;  he  found  their  heart  to  lie  in  the  dorsal 
region;  whilst   along  their  ventral  region  he  detected   the  double 
ganglionic  nervous  chain,  so  characteristic  of  Articulated  animals.  Those 
Naturalists  who  considered  this  last  assemblage  of  chai-acters  to  possess 
a  higher  value  than  the  preceding, — as  being  more  indicative  of  the 
essential  nature  of  these  animals,  whilst  their  relations  to  the  Molluscous 
series  are  rather  such  as  adapt  . them  to  a  particular  mode  of  life, — trans- 
ferred the  Cirrhipeds  to  the  Articulaited  series ;  and  the  propriety  of  this 
transference  was  made  manifest  by  the  discovery  (first  announced  by 
Mr.  J.  V.  Thompson  in  1830*),  that  the  Cirrhipeds  in  their  early  state 
are  free-moving  animals,  conformable  in  all  essential  particulars  to  the 
CTUstaceoM  type ;  and  that  they  only  attain  their  adult  form  and  cha- 
x'acter  after  a  series  of  metamorphoses,  which  progressively  remove  them 
to  a  greater  and  greater  distance  from  it,  and  which,  while  they  constantly 
tend  to  evolve  the  peculiar  conformation  that  distinguishes  the  Cirrhiped 
group,  adapt  the  animal,  iu  each  of  its  stages,  to  maintain  its  own  exist- 
ence.   The  researches  of  Mr.  Thompson,  with  the  extensions  which  they 
have  subsequently  received  from  others,  show  that  there  is  no  essential 
difierence  between  the  early  forms  of  the  sessile  and  of  the  pedunculated 
Cirrhipeds ;  but  that  both  are  active  little  animals  (Fig.  5,  a),  possessing 
three  pairs  of  legs  and  a  pair  of  compound  eyes,  and  having  the  body 
covered  with  an  expanded  shield,  like  that  of  many  Entomostracous 
Crustaceans,  so  as  iu  no  essential  particular  to  differ  from  the  larva  of 
Cyclops  (Fig.  60).    After  going  through  a  series  of  metamorphoses,  one 


*  "Zoological  Kesearches,"  No.  III. 
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Development  otBalanus  halanoi<les;—k,  earliest  form ;— B,  larva  after  second  moult ;— c,  side 
view  of  the  same;— d,  stage  immediately  preceding  the  loss  of  activity:  a,  stomach f?): 
i,  nucleus  of  future  attachment  (?).  ^ 

Crustacean ;  the  body  being  enclosed  in  a  shell,  comjiosed  of  two  valves, 
which  are  united  along  the  back,  whilst  they  are  free  along  their  lower 
margin,  where  they  separate  for  the  protrusion  of  a  large  and  strong 
anterior  pair  of  prehensile  limbs  provided  with  an  adhesive  sucker  and 
hooks,  and  of  six  pairs  of  posteiior  legs  adapted  for  swimming.  This 
bivalve  shell,  with  the  prehensile  and  natatory  legs,  is  subsequently 
thrown  off;  the  animal  then  attaches  itself  to  its  liead,  a  portion  of  which 

Fig.  7. 


Comparison  of  Leucifer,  a  Stomapod  Crustacean,  with  Zepof ; — in  the  former,  a,  the  ahdo- 
men,  which  becomes  rudimentary  in  Cirrhipeds,  is  represented  in  outUne ; — in  the  latter,  n,  the 
antennas  and  eyes,  which  really  exist  in  the  larva,  are  represented  as  if  they  had  been  retained 
and  had  continued  to  grow  j  m  marks  the  position  of  the  mouth  in  both. 
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becomes  excessively  elongated  into  the  pedunc  e  of  tlie  Barnacle  (Fig.  0, 
whilst  in  the  Balanus  it  expands  into  a  broad  base  or  disk  of  adhesion; 
the  first  thoracic  segment  sends  backwards  a  prolongation  which  arches 
over  the  rest  of  the  body  so  as  completely  to  enclose  it  (no  uncommon 
occuiTence  among  the  Crustacea),  and  the  exterior  layer  of  this  is  conso- 
lidated into  the  'multivalve'  sheU ;  whilst  from  the  other  thoracic 
segments  are  evolved  the  six  pairs  of  cirrhi  which  are  charactemtic  of 
these  animals  in  their  adult  state.— Hence,  whether  we  consider  the 
pecuHarities  of  the  gi-oup,  in  the  fully-developed  condition,  as  soifficient  to 
entitle  it  to  take  rank  as  a  distinct  class,  or  whether  we  regard  it  as  con- 
stituting merely  a  section  of  the  great  Crustacean  class,  there  can  be  no 
longer  any  question  that  the  CiiThipeds  bear  any  extremely  close  aflinity  to 
thelatter,  and  that  they  must  be  placed  near  its  borders  (whether  witliin 
or  beyond  them),  as  an  aben-ant  form  of  the  higher  Articulate  type, 
adapted  to  a  life  essentially  Molluscous.* 

15,  Much  of  the  controversy  which  has  taken  place  among  Physiologists, 
in  regard  to  the  general  doctrines  which  may  be  deduced  from  the  com- 
parison of  different  plans  of  organisation,  has  been  due  to  a  neglect  of 
this  difierence  between  functional  and  structwral  correspondence,  that  is, 
between  analogy  and  Iwmology ;  whereby  phenomena  which  are  essen- 
tially dissimilar,  have  been  brought  under  the  same  category.  But  by 
some  who  have  clearly  recognized  organic  identity  as  the  basis  of  their 
reasoning,  it  has  been  attempted  to  show  that  the  law  of  Unity  of  Com- 
position has  an  unlimited  application ;  it  having  been  maintained  that  the 
same  elementary  parts  exist  alike  throughout  the  Vegetable  and  Animal 
Elingdoms,  and  that  the  difierence  between  the  several  classes  of  each 
lies  solely  in  the  respective  development  of  these  parts.  Such  a  doctrine, 
however,  can  only  be  supported  by  assertion,  since  Nature  afibrds  no 
sanction  to  it ;  as  the  most  cursory  survey  of  these  two  of  her  kingdoms 
will  at  once  make  obvious. 

16.  If,  for  example,  we  commence  by  comparing  the  various  tribes  of 
Flowering-Plants  with  each  other,  we  find  that  they  may  all  be  referred 
to  a  certain  '  archetype'  or  ideal  form,  consisting  of  an  ascending  axis  or 
stem  with  its  foliaceous  and  floral  appendages,  and  of  a  descending  axis 
or  root  with  its  absorbent  fibres.  Their  most  obvious  diversities  are 
generally  attributable  to  the  deficiency  or  excess  of  some  or  other  of 
these  component  parts :  thus  many  of  the  trees  most  remarkable  for  the 
massive  perfection  of  their  stems,  have  the  less  essential  parts  of  their 
flowers  undeveloped ;  whilst  many  of  the  plants  most  remarkable  for  the 
beauty  and  luxuriance  of  their  blossoms,  never  form  a  true  woody  stem. 
But  amid  this  general  conformity,  the  Botanist  recognizes  two  veiy  dis- 
tinct though  subordinate  types,  each  of  them  including  a  long  series  of 
gradational  forms,  from  the  lofty  tree  to  the  humble  plant ;  the  difierence 
between  which  consists  rather  in  the  diversity  of  the  plan  on  which  the 
very  same  elementary  parts  are  combined  and  arranged,  than  in  any 
superior  elevation  possessed  by  one  over  the  other.  Thus  if  we  compare 
the  Palm  and  the  Oak,  which  may  be  considered  as  presenting  typical 

*  For  the  most  complete  account  of  these  metamorphoses,  as  well  as  of  the  Anatomy, 
Physiology,  and  Classification  of  the  pedunculated  division  of  the  group,  see  Mr.  c' 
Darwin's  "  Monograph  on  the  sub-class  Cirripedia,"  published  by  the  Ray  Society,  185l! 
—It  IS  hoped  that  this  admirable  work  will  be  soon  completed,  by  a  like  description  of 
the  sessile  division.  ^ 
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examiDles  of  the  Utidogmous  and  Exogenous  stems,  we  find  that  the  same 
materials — cellular  tissue,  woody  iibre,  and  ducts  of  various  kinds — are 
worked-up,  as  it  were,  on  two  different  jDatterns ;  and  as  a  like  difference 
of  plan  extends  itself  also  to  the  arrangement  of  the  elementary  parts  of 
the  leaf  and  to  the  number  of  the  components  of  the  flower,  and  even 
shows  itself  in  almost  the  earliest  stage  of  the  life  of  the  embryo,  it 
becomes  ajjparent  that  the  diversity  is  one  which  belongs  to  the  funda- 
mental nature  of  the  two  groups^  There  are  instances,  it  is  true,  in 
which  there  is  such  a  general  conformity  in  external  appearance  between 
certain  of  their  members  (between  Gycads  and  Palms  for  example),  as 
might  deceive  a  mere  superficial  observer ;  yet  there  is  no  assimiption  of 
the  essential  characters  of  the  latter  of  these  groups  by  the  former,  the 
stem  being  exogenous  and  the  embryo  polycotyledonous.  So,  again, 
although  there  are  certain  Flowering-plants  (such  as  Lenina,  duckweed, 
and  Zostera,  sea- wrack)  which,  alike  in  habit  and  in  general  simplicity  of 
structure,  correspond  with  aquatic  Cryptogamia,  these  are  at  once  I'eco- 
gnized  as  degraded  forms  of  the  Phanerogamic  type,  when  their  generative 
apparatus  is  examined ;  reduced,  though  this  is,  to  a  condition  of  extreme 
simplicity. — The  Cryptogamic  series  cannot  be  referred  with  equal  pro- 
priety to  a  single  '  archetype,'  so  diversified  are  the  types  of  structvire,  as 
well  as  of  grades  of  development  which  its  principal  groups  present. 
Still  the  plan  on  which  their  generative  apparatus  is  constructed,  though 
not  so  dissimilar  to  that  of  Phanerogamia  as  was  formerly  supposed  (since 
no  reasonable  doubt  can  now  remain  of  their  true  sexuality)  present  a 
certain  fundamental  uniformity ;  whilst  its  several  modifications  serve  to 
distinguish  the  subordinate  gi'oups  of  Ferns,  Mosses,  Liverworts,  &c. 
Although  the  Cryptogamia  as  a  whole  rank  below  Flowering- plants,  yet 
no  one  can  help  recognizing  in  a  Tree-Fern  a  far  more  elaborate  structm-e 
than  that  of  Lemma  or  Zostera;  so  that  the  essential  distinction  between 
the  two  series  lies,  not  in  grade  of  development,  but  in  type  of  conforma- 
tion. So  among  the  Cryptogamia  themselves,  we  find  parallel  series, 
such  as  those  of  Alg(B,  Lichens,  and  Fungi,  through  each  of  which  a  cer- 
tain distinctive  type  is  preserved,  notwithstanding  that  between  their 
several  varieties  of  grade  there  is  a  close  correspondence. — Hence  we  see 
that  although,  from  the  comparatively  small  number  of  distinct  organs 
which  the  Plant  possesses,  and  from  the  less  complete  separation  even  of 
these,  there  is  not  by  any  means  the  same  scope  for  varieties  in  plan  of 
organisation  as  we  shall  find  in  the  Animal  Kingdom,  it  is  not  the  less 
certain  that  a  considerable  mmiber  of  distinct  types  of  structure  exists, 
which  cannot  be  reconciled  to  any  other  theoiy  of  fimdamental  vmity, 
than  that  which  refers  them  all  to  their  common  starting-point— the 
single  cell. 

17.  Turning,  now,  to  the  Animal  Kingdom,  we  find  that  even  a  slight 
general  survey  affords  ground  for  the  recognition  of  those  four  very  dis- 
tinct plans  of  structure,  wliich  Cuvier  was  the  first  to  mark-out  cleai-ly,— 
namely,  the  Radiated,  the  MoUuscous,  the  Ai-ticulated,  and  the  Yerte- 
brated;  and  these  are  found  to  be  more  and  more  clearly  distmguishable 
from  each  other,  the  more  profoundly  we  examine  into  the  fimdaniental 
pecuHarities  of  each,  and  the  more  fully  we  become  acquainted  with  the 
liistory  of  its  development.  For  by  accurately  studying  and  compai-mg 
the  various  modifications  under  which  these  respectively  present  them- 
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selves,  we  see  that  beiieath  the  apparent  mixture  of  characters  which 
occxsionall^  presents  itself  (as,  for  example,  m  the  case  of  the  Cu-rhipeds, 
14)  there  is  an  essential  conformity  to  one  type,  and  that  the  depaiW 
from  the  ordinary  aspect  is  merely  superficial,  being  such  as  ada2?ts  the 
animal  or  group  of  animals  to  a  particular  mode  of  existence.    Now  since 
modifications  of  a  similar  kind  may  take  place  in  groups  of  animals 
belonging  to  difierent  types,  they  may  come  to  present  very  striking 
resemblances  to  each  other  in  their  adaptive  characters  (as  is  the  case 
between  Birds  and  Insects),  although  there  is  no  conformity  whatever  in 
theii-  general  plan  of  structure.    Taken  as  a  whole,  no  animal  belonging 
to  any  one  of  these  types  can  be  likened  to  any  animal  belonging  to 
another:  although  comparisons  may  be  legitimately  made  between  their 
ijidividual  organs.    Thus,  as  Von  Baer  justly  observes,  "  metamorphose 
a  Cephalopod  as  you  wiU,  there  is  no  maHng  a  Fish  out  of  it,  save  by 
buHding-up  aU  the  parts  afresh yet  in  many  portions  of  their  orgamsa- 
tion,  Cephalopods  are  imquestionably  intermediate  between  the  lower 
MoUusks  and  the  typical  Fishes.    Again,  although  the  liigher  Cepha- 
lopods indubitably  take  a  more  elevated  rank  as  Animals  than  the  lowest 
Fishes,  and  in  this  respect  might  be  considered  as  approximating  more 
closely  to  Man,  yet  in  the  conformity  of  its  organisation  to  the  Yerte- 
brated  type,  the  lowest  Fish  bears  far  more  resemblance  to  Man,  than 
does  the  highest  Cephalopod. — Moreover  it  is  to  be  observed,  that  the 
general  type  of  construction  manifests  itself  not  merely  in  the  mode  in 
which  the  organs  are  grouped  together,  but  also,  in  the  conformation  of 
the  organs  themselves.    Thus  we  shall  hereafter  see,  that  whilst  there  is 
a  remarkable  correspondence  between  the  condition  of  the  Circulating 
apparatus  in  the  two  series  of  Articulated  and  Molluscous  animals, — 
especially  as  regards  the  imperfection  of  its  vascular  system,  and  its  com- 
munication with  the  visceral  cavity, — there  is  a  tyjje  wloich  is  peculiar  to 
each,  and  which  shows  itself  in  the  structure  of  the  heart,  as  well  as  in  the 
general  distribution  of  the  blood-vessels.  For  the  type  of  the  heart,  in  the 
Articulated  animal,  is  the  elongated  dorsal  vessel,  which,  if  divided  at  all, 
has  a  repetition  of  similar  chambers  for  the  several  segments  of  the  body ; 
whilst  in  the  Mollusk  it  is  a  concentrated  organ,  with  much  thicker  walls, 
usually  having  the  auricle  or  receiving  cavity  separated  from  the  ven- 
tricle or  impelling  cavity,  and  presenting  no  other  repetition  of  similar 
parts  than  the  occasional  doubling  of  the  auricle,  where  the  two  sets  of 
gills  (whence  the  blood  returns  to  the  heart)  are  placed  wide  asunder. 
So,  again,  in  the  various  Glandidar  organs  of  the  Articulata,  the  required 
extent  of  sui-face  is  usually  afibrded  by  the  elongation  of  a  small  number 
of  nan'ow  tubes  ;  whilst  in  the  MoUusca,  the  same  extension  is  provided 
for  by  the  midtiplication  of  short  and  wide  follicles.    Yet  we  find  that  in 
certain  Crustacea,  which  are  adapted  in  many  respects  to  the  conditions  of 
the  Mollusk,  both  the  heart  and  the  glandular  apparatus  present  a  very 
striking  approximation  to  the  Molluscous  type;  whilst  no  such  approxi- 
mation is  seen  in  the  general  plan  of  the  fabric,  which  is  as  obviously  arfi- 
culated  in  the  Crustacea,  as  it  is  in  the  Insect. 

18.  But  although  it  is  in  type,  or  plan  of  organisation,  that  the  most 
essential  cUfierences  lie,  among  the  several  forms  of  Plants  and  Animals, 
it  is  not  the  less  true  that  they  are  distinguished  by  very  marked  diver- 
sities in  grade  of  development ;  by  which  is  to  be  understood,  the  degree  in 
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which  the  several  parts  that  make  xip  the  entire  fabxic  are  chai-acterised 
by  speciahtics  of  conformation,  so  that  each  becomes  a  distinct  organ, 
adapted  to  perform  a  function  more  or  less  different  from  that  which 
other  parts  can  discharge.  The  lower  we  descend  in  the  scale  of  being, 
whether  in  the  Animal  or  in  the  Vegetable  series,  the  nearer  approach 
do  we  make  to  that  homogeneousness  which  is  the  typical  attribute  of 
inorganic  bodies,  wherein  every  pai-ticle  has  all  the  characters  of  indivi- 
duality, so  that  there  is  no  distinction  either  of  tissues  or  of  organs.  Thus 
in  Sponges  and  Sea-weeds,  even  when  of  considerable  size,  every  part 
resembles  other  parts  in  intimate  structure,  and  differs  but  slightly  from 
them  even  in  external  configuration  j  so  that  the  whole  mass  is  little  else 
than  a  repetition  of  the  same  organic  components.  On  the  other  hand,  as 
we  ascend  the  scale  of  being,  we  find  the  fabric — whether  of  the  Plant  or 
the  Animal — becoming  more  and  more  heterogeneous;  that  is,  to  use  You 
Baer's  language,  "  a  differentiation  of  the  body  into  organic  systems,  and 
of  these  again  into  separate  more  individualized  sections,"  presents  itself. 
Thus,  as  we  ascend  from  the  lowest  towards  the  highest  forms  of  Vege- 
table life,  we  find  that  out  of  the  homogeneous  aggregation  of  cells  which 
forms  the  simple  frond  of  the  humble  Algae  (§  22),  a  differentiation 
gradually  arises  between  the  '  axis'  and  the  '  appendages  to  the  axis that 
in  the  axis,  there  is  a  gradual  separation  established  between  the  ascend- 
ing portion,  or  stem,  and  the  descending  portion,  or  root ;  and  that  among 
its  appendages,  the  foliaceous  organs  become  more  and  more  completely 
separated  from  the  generative  apparatus.  Even  in  the  highest  Plants, 
however,  we  find  an  extensive  rejietition  of  similar  |9cw^s;  and  there  is 
always,  too,  a  close  correspondence  in  the  intimate  structure  of  even  the 
most  antagonistic  organs,  such  as  the  roots  and  leaves. — The  differentia- 
tion, both  as  regards  external  conformation  and  intimate  structure,  pi'o- 
ceeds  to  a  far  wider  extent  in  the  Animal  kingdom,  in  virtue  of  the  much 
greater  variety  of  purposes  to  be  attained  in  its  existence ;  and  we  see 
this  carried  to  its  highest  degree  in  Man,  in  whose  organism  the  principle 
of  S2Kcialisation  everywhere  manifests  itself,  no  part  being  a  precise  repe- 
tition of  any  other,  except  of  the  corresponding  part  on  the  opposite  side 
of  the  body.* 

19.  It  is  only,  however,  by  a  very  gradual  succession  of  steps,  that  this 
elevation  is  attained.  The  simplest  Animals  are  precisely  upon  a  level 
with  the  simplest  Plants,  as  regards  their  homogeneity  of  character ;  and 
no  sooner  does  a  differentiation  of  organs  show  itself,  than  these  are  in 
the  fii-st  instance  almost  indefinitely  repeated,  so  that,  however  numerous 
may  be  the  parts  of  which  the  entire  organism  is  composed,  they  are  (so 
to  speak)  the  facsimiles  of  one  another.  Thus  not  only  in  ZoojDhytes, 
but  also  in  the  lower  MoUusca  and  Articulata,  we  find  this  repetition 
extending  to  those  entire  groups  of  organs,  which,  when  detached  from 
the  rest,  can  maintain  an  independent  existence,  and  are  therefore  com- 
monly accoimted  distinct  individuals.  But  we  find  the  same  to  hold  good,  as 

*  This  fact  is  most  curiousiy  exemijlifiecl  in  tlie  speciality  of  the  seats  of  election  of 
those  disorders  of  nutrition,  which  obviously  depend  upon  the  presence  of  a  materies 
morbi  in  the  blood,  rather  than  upon  any  primary  local  disturbance. — See  Dr.  William 
Budd's  Memoir  on  "  Symmetrical  Diseases,"  in  the  "  Medico-Chinirgical  Transactions," 
Vol.  XXV.;  Mr.  Paget's  "Lectures  on  Surgical  Pathology,"  Vol.  I.  p.  17  et  seq.,  and 
the  Author's  "Principles  of  Human  Physiology,"  4th  Ed.,  p.  192. 
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repetition  is  limited  to 
five  in  the  liigliest  forms 
of  the  class,  yet  it  extends 
to  a  much  greater  num- 
ber in  those  of  inferior 
organisation, — as  we_  see 
in  comparing  the  Ophiura 
Avith  its  five  simple  arms 
(Fig.  8)  and  the  Penta- 
crirnts  (Fig.  9),  whose  ten 
arms  all  subdivide  into 
such  numerous  branches, 
that  the  aggregate  num- 
ber of  pieces  in  the  whole 
is  estimated  at  above  a 
hundred  thousand.  So, 
again,  in  the  Ceiylialopo- 
da,  which  constitute  the 
highest  division  of  the 
Molluscous    series,  we 
find  the  tentacula  sur- 
roimding  the  mouth  to  be  almost  indefinitely  multiplied  in  the  lower 
or  tetrabranchiate  division  {Nautilus  and  its  allies) ;  whilst  they  are 
reduced  to  eight  or  ten  in  the  dibrcmchiate  order  {Cuttle-fish,  Fig.  47),  at 
the  same  time  acquiring  a  much  higher 
iudividual  development,  and  often  hav- 
ing one  pair  differentiated  from  the  rest, 
for  some  special  pm-pose.     So  in  the 
Annelida  and  other  iuferior  groups  of 
the  Articidate  series,  we  find  the  loco- 
motive, resj)iratory,  and  other  important 
organs  almost  indefinitely  multiplied  in 
the  longitudinally -repeated  segments; 
but  as  we  ascend  towards  the  higher 
Articidata,  the  number  of  segments 
becomes  strictly  limited  and  greatly 
reduced,  even  where  these  divisions  are 
still  little  else  than  repetitions  of  one 
another, — being  only  twenty-two  in  the 
Centipede,  and  thirteen  in  the  Insect- 
Larva  ;  whilst  in  the  perfect  Insect,  the 
diffei-entiation  is  carried  to  its  highest 
extent,  the  locomotive  apparatus  being 
i-estricted  to  the  three  thoracic  segiuents, 
and  all  the  other  organs,  even  when  re- 
peated tliT'oughout,  being  ixnequgilly  de- 
veloped in  the  several  parts.  The  same  principle  of  gradual  differentiation 
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shows  itself  most  remarkably  in  the  couformatiou  of  tlie  members  of  Verte- 
brata  :  for,  takiug  the  many-jointed  but  j  single  rod-like  appendage  of  the 
Lepidosiren  (Fig.  3,  a,  and  Fig.  150)  as  their  lowest  type,  we  find  this  simply 
repeated  even  to  the  extent  of  a  hundred-fold  or  more,  in  the  digital  rays 
supporting  each  of  the  pectoral  and  ventral  fins  of  Fislies ;  as  we  ascend 
thence,  through  the  extinct  Enaliosaitria  (Ichthyosaurus,  Plesiosanrus,  &c.) 
to  the  tyjHcal  Reptiles,  we  find  the  number  of  these  multii)lied  digits  dimi- 
nishing, until  it  settles  down  at  five,  and  the  number  of  joints  in  each 
also  reduced,  until  it  becomes  restricted  to  the  six  i-ows  (two  carpal,  one 
metacarpal,  and  three  phalangeal)  which  characterise  the  hand  (or  foot) 
of  Man ;  in  Birds  and  Flying  Mwrmnals  there  is  a  most  marked  differen- 
tiation between  the  anterior  and  posterior  extremities,  as  there  is  also 
(though  in  a  less  degree)  in  Man;  and  in  the  Qvadrumana,  we  begin  to 
see  that  specialisation  of  the  first  digit  (this  being  usually  common  to  all 
their  members)  which  is  carried  to  its  highest  point  in  the  hand  of  Man, 
whose  other  digits,  also,  have  their  distinctive  capabilities,  whereby  this 
member  as  a  whole  becomes  the  most  highly-organised  of  all  instraments, 
in  virtue  of  the  uneqiialled  variety  of  actions  which  it  is  adapted  to 
perform. 

20.  Thus  we  see  that,  whether  we  trace  the  '  Archetype'  of  each  great 
subdivision  of  the  Animal  kingdom  into  those  modifications  which  it 
presents  in  the  more  restricted  groups, — or  whether  we  follow  any  organ 
or  system,  from  the  form  under  which  it  at  first  presents  itself,  to  that 
which  it  assumes  in  its  state  of  most  complete  development, — we  recognise 
one  and  the  same  plan  of  progression,  namely,  from  the  general  to  tlie 
special;  and,  as  Von  Baer  justly  remarks,  the  relations  of  any  organised 
fabric  to  any  other,  must  be  expressed  by  the  product  of  its  ty2Je  with  its 
grade  of  development.  Neither  alone  suffices  to  characterise  it ;  for  under 
the  same  type,  difiereht  grades  of  development  may  present  themselves; 
whilst  conversely,  a  like  grade  of  development  may  be  attained  under 
difierent  types.  And  this  general  fact  needs  to  be  constantly  borne  in 
mind,  not  merely  when  a  Plant  or  Animal  is  being  considered  as  a  whole, 
but  also  when  we  are  studying  the  evolution  of  any  individual  organ  or 
system  in  the  ascending  series ;  since  it  is  no  more  possible  to  follow  this 
through  one  unbroken  progression,  than  it  is  to  arrange  the  entire  assem- 
blage of  beings  composing  either  kingdom  in  a  single  linear  sei'ies. — It 
may  in  some  degree  assist  the  reader  in  his  pemsal  of  the  subsequent 
pages,  if  we  here  pause  to  take  a  general  survey  of  the  principal  types  of 
"Vegetable  and  Animal  conformation,  and  of  the  chief  diversities  in  gi-ade 
of  development  which  present  themselves  binder  each. 


21.  Vegetable  Kingdom. — If  we  commence  by  examining  any  Plant  of 
liigh  organization,  we  observe,  in  the  fii'st  place,  that  there  is  a  complete 
difierentiation  between  its  organs  of  Nutrition  and  its  organs  of  Repro- 
duction; and  further,  that  its  principal  organs  of  ISTutrition,  the  root  and 
the  leaf,  are  separated  from  each  other  by  the  interposition  of  the  stem 
or  axis,  around  which  the  various  appendages  are  ai-ranged  with  a  con- 
siderable degree  of  regularity.  Further,  we  notice  that  a  corresponding 
differentiation  presents  itself,  as  to  the  ititimaie  structure  of  these  several 
organs;  for  whilst  the  parts  most  directly  concerned  in  the  vital  opera- 
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tions  Of  the  organism  are  chiefly  made-up  of  aggregations  oi  cells  which 
isSab  e  in  alf  essential  paiticulars  those  of  which  the  simpler  forms  of 
vecSatiorentird    consist,  these  are  supported  upon  a  framework  of 
.r!och,  Ze  an  extension  of  that  which  gives  strength  and  solidity  to  the 
tern  and  r^^s^^^^^^^^^  ftuther,  in  order  that  air  and  liquids  may  the  more 
e  Jiirfinc  tlid^^^^^^^^  from 'one  part  of  the  stmicture  to  another,  than 
thev  coxdd  do  by  transmission  from  cell  to  cell,  a  set  of  ducts  is  mter- 
Tosed  which  establish  a  ready  communication  through  the  stem  between 
?hT  roots  and  the  leaves.    These  organs  are  all  mutually  dependent  and 
comiected ;  and  contribute,  each  in  its  own  special  manner,  to  the  life  » 
Plant  as  a  wlwle.    But  since  all  the  most  essential  organs  are  many  times 
repeated,  the  loss  of  some  of  these  does  not  involve  the  destruction  of  the 
entire  organism;  and  even  the  separated  parts  may  develope  the  organs 
in  which  they  ai-e  deficient,  and  may  thus  evolve  themselves  into  entire 
plants,  and  maintain  an  independent ,  existence  *    In  this  way  a 
plication  of  the  products  of  the  original  germ  may  be  effected;  but  these, 
as  will  be  shown  hereafter  (chap,  xi.),  are  not  distinct  mclwidnals  in  the 
Hghest  sense  of  that  term;  and  the  process  by  which  they  are  evolved 
is  simply  a  modification  of  the  ordinary  Kiitritive  operation,  and  is  so 
far  from  being  a  form  of  true  Generation,  as  to  be  essentially  antagonistic 
to  it.    THs  distinction  is  one  of  much  importance ;  since  on  it  depends 
the  recognition  of  the  organs  in  Ciyiitogamia,  which  are  homologous  with 
those  of  Flowering-Plants.  i  •  i,  + 

22.  Having  thus  determined,  by  the  analysis  of  one  of  the  highest 
Plants,  what  it  is  that  constitutes  the  most  complete  type  of  Vegetable 
organisation,  we  shall  commence  with  the  lowest  division  of  the  series, 
and  endeavour  to  tface-out  the  principal  lines  of  ascent  by  which  that 
type  is  attained.  This  can  only  be  accomplished,  at  present,  in  a  very 
imperfect  manner;  since  it  is  only  within  a  very  recent  period,  that  the 
homologies  of  the  reproductive  apparatus  of  Phanerogamia  have  been 
discovered  among  Ciyptogamia ;  and  little  more  than  a  guess  can  be  as 
yet  made,  as  to  the  conditions  which  these  present  in  some  of  the  humbler 
forms  of  Ciyptogamic  life. — The  lowest  type  of  vegetable  existence  is 
afforded  by  those  organisms,  which  either  consist  of  single  cells,  or  of 
aggregations  of  similar  cells,  each  of  which  can  maintain  an  independent 
existence,  living  for  and  bi/  itself,  and  not  needing  the  co-operation  of 
other  cells,  save  for  the  purpose  of  generation,  of  which  the  re-union  of 
the  contents  of  two  cells,  by  an  act  of  '  conjugation,'  is  an  essential  condi- 
tion. Any  one  of  these  cells  may  multiply  itself  indefinitely  by  siib- 
division,  the  results  of  which  process  are  seen  in  the  accompanying  ex- 
ample (Fig.  10) ;  but  these  products  are  all  mere  repetitions  one  of  another, 
and  often  detach  themselves  spontaneously,  so  that  the  descendants  of  a 
single  cell  may  cover  a  very  extended  area,  as  is  the  case,  for  example, 

*  This  is  usually  the  case  under  favoiu'able  conditions  witli  regard  to  leaf-buds,  whicli 
can  put  forth  rootlets,  and  then  evolve  a  stem,  from  which  other  leaf-buds  and  their 
flower-buds  are  developed.  But  tbere  are  some  plants,  as  Br^jophyllmn,  which  have  the 
same  power  in  every  leaf,  or  even  in  every  fragment  of  a  leaf ;  a  small  poi'tion,  laid  upon 
damp  earth,  or  suspended  in  a  humid  atmosphere,  gradually  evolving  itself  into  the  entire 
organ,  and  at  the  same  time  developing  the  other  parts  most  essential  to  the  performance 
of  its  nutritive  operations,  from  which  the  reproductive  apparatus  is  subsequently 
put  forth. 
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Fig.  10. 


Sormospora 
transversalis. 


With  the  Protococcus  nivalis,  or  '  red  snow.'  There  is  here,  therefore,  not 
the  least  show  of  differentiation;  no  special  colls  being  set  apai-t  even 

for  the  performance  of  the  generative  act.  Where 
the  multiplied  cells  remain  in  continuous  connexion 
with  each  other,  being  imbedded  in  a  common  sub- 
stratum of  gelatinous  substance,  so  as  to  form  but  a 
single  mass  (Pig.  10),  this  may  be  perfectly  homoge- 
neous throughout ;  no  definite  form  being  presented 
by  it  as  a  whole,  and  no  trace  of  '  organs'  being  dis- 
tinguishable in  any  part  of  it.  The  first  indication 
of  progress  towards  a  higher  grade,  is  given  by  the 
limitation  of  the  direction  in  which  the  increase 
takes  place  :  so  that,  instead  of  an  amorphous  aggre- 
gation of  cells,  we  find  a  linear  series  (Fig.  11,  a)  which  is  formed 

by  successive  trans- 
11-  verse  subdivision; 

and  this  filament 
may  increase  in 
breadth  by  longitu- 
dinal subdivision(B), 
so  as  at  last  to  pro- 
duce a  laminar  ex- 
pansion, such  as  that 
of  the  common  Ulvce, 
which  is  termed  a 
thallus.  In  the 
"simplest  forms  of 
this  thallus,  we  do 
not  meet  with  the 
slightest  trace  of 
differentiation;  and 

every  one  of  its  component  cells  appears  to  live  as  much  for  and 
by  itself,  as  if  it  were  completely  detached  from  the  rest.  Every  one 
of  them,  moreover,  seems  able  to  multiply  itself,  not  merely  by  sub- 
division, but  also  by  the  emission  of  a  jDortion  of  its  contents  enclosed 
in  a  cell-wall,  in  the  condition  of  a  'spore'  or  detached  geomaa;  and 
this  in  the  tribe  now  under  consideration,  being  usually  fiu-nished 
with  cilia,  and  endowed  with  the  power  of  spontaneously  moving  for 
a  time,  is  termed  a  'zoospore.'  When  the  zoospore  has  been  thus 
carried  to  a  distance  from  the  organism  from  which  it  proceeded,  it  begins 
to  develope  itself  into  a  similar  organism  by  the  process  of  dui^licative 
subdivision ;  and  in  arriving  at  the  highest  of  these  stages  of  development, 
it  passes  through  the  simpler  forms  which  remain  permanent  in  yet 
humbler  grades  of  vegetation.  The  true  Generation  of  the  plants  of  this 
gToup,  to  which  the  term  Protophytes  may  perhaps  be  advantageously 
restricted,  seems  to  be  always  accomplished  by  the  process  of  '  conjugation,' 
in  which  any  or  all  of  the  component  cells  may  alike  participate;  but  we 
see,  in  its  higher  forms,  a  tendency  to  the  distinction  between  the  '  sperm- 
cell'  and  the  '  germ-cell,'  that  is,  to  the  differentiation  of  sexes  into  inale 
and  female, — ^the  only  mark  of  heterogeneousness  which  yet  presents  itself 
The  product  of  this  act  is  a  new  cell,  from  whicli  a  new  plant  originates 


Sangia  velutina. 
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we  trnci  tnat  eacn  muiviuiu-.  \    o    .   ,  ^  -j^  number  of  cells, 

,es;at  of  a  generative  act)  is  made  up  of  .m  ,  y„„  „f  niutual 

which  being  precisely  -7^.-!^^^,:*  ^'^^^^^^  of  the  lives 

to-nrS'=a2«r^^^^^^ 

£L=s'r^:=-^:i'— 

and  in  the  setting-apart  of  special  organs  for  its  performance.    For  we 
have  as  yet  no  real  distinctio^  between  stem,  ™ots  and  leaves ;  a  W 
some  semblance  of  such  a  distinction  may  J^^^f  V'TialllXCTta 
cell,  by  repeated  subdivision,  extends  itself  into  a  """^^^^^^^ 
has  but  little  definiteness,  and  whose  tissue  is  nearly  homogeneous 
"ZolloX  bei^g  entirely  Uposed  of  cells  of  .«  ^^T^^^^^^^ 
eithei°woody  fibres  or  vessels  of  any  kind;  and  it  is  chiefly  ^^^P^ 
ratus  of  fructification,  which  presents  i^elf  under  many  ^ff^^^J^Pf  ^ 
that  this  group,  which  may  be  designated  by  the  term  Thallogests  is 
Ustinguished  from  the  preceding.    Nearly  the  same  degi-ee  of  general 
development  is  presented  by  three  tribes  of  these  humble  Oryptoganna 
—namely,  Algce*  Lichens,  and  i^^iT^^/i,— which,  nevertheless,  are  fitted  to 
exist  under  very  diverse  conditions,  and  which  present  corresponding 
diversities  of  structm-al  type;  and  all  of  them  seem  to  agree  (according 
to  the  most  recent  investigations,  of  which  an  account  will  be  given  here- 
after CHAP.  XL)  in  the  possession  of  a  special  generative  apparatus,  m 
which  the  distinction  of  sexes  is  clearly  marked.    This  consists  of  a  set 
of  '  sperm-cells'  developed  in  certain  parts  of  the  orgamsm,  and  ot  a  set  ot 
'  germ-cells'  evolved  elsewhere,  usuaUy  (but  not  always)  m  the  same  indi- 
vidual; the  product  of  the  former  is  a  'spermatoid'  body,  which  comes 
into  contact  with  the  latter  and  fertilises  its  contents;  and  the  result  is 
the  formation  of  a  germ,  which  must  be  considered  as  the  commencement 
of  a  new  generation.    This  germ,  however,  frequently  remains  for  some 
time  in  connection  with  the  parent,  and  multiplies  itself  by  duphcative 
subdivision  at  the  expense  of  the  nutriment  which  it  cbaws  from  it,  so  as 
at  last  to  evolve  itself  into  a  collection  of  '  spores'  contained  withm  a 
special  envelope,  eveiy  one  of  which,  when  liberated  from  the  parent, 
may  develope  itself  into  a  new  plant  in  which  the  same  processes  are 
repeated.    It  is  by  the  general  relation  of  this  apparatus  of  fructification 
to  that  of  nutrition,  that  the  three  gi-oups  already  named  are  most  dis- 
tinctively characterized. 

24.  Thus  the  Algce  vegetate  exclusively  in  water  or  in  damp  situa- 
tions ;  they  require  no  nutriment  but  such  as  is  supplied  by  water  and 
by  the  air  and  inorganic  substances  dissolved  in  it ;  they  absorb  this 
nutiiment  equally  by  every  part  of  their  surface ;  and  they  show  a  great 
tendency  to  the  extension  of  the  '  thallus'  by  the  multiplication  of  cells 
in  continuity  with  the  existing  fabric,  so  that  it  frequently  attains  most 

*  The  group  of  Algsc,  as  here  limited,  does  not  include  the  Protophytes  described  in  the 
preceding  paragraph;  for  although  these,  being  mostly  aquatic  plants,  are  usually  ranked 
in  it,  yet  their  type  of  reproductive  apparatus  is  so  distinct  from  that  of  the  higher  Algse, 
a.s  tx)  require  that  they  should  be  separately  considered. 
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rent  >yhile  the  latter  consist  of  single  rows,  bearing  the  generative  cells 

tie  Stifi  Xn^S;^       '"f  r'^^  -  oni;fe~e?of 

tne  ti  notification  that  raises  it  above  the  type  of  an  Ulva.  In  the  highest 


Pig.  12. 


Fig.  13. 


Mesogloia  vermicularis. 


Zoiiwria  plantaginea. 


"Algse,  however,  we  find  some  difierentiation  in  the  texture  of  their  inte- 
rior and  exterior  substance  /  and  there  is  also  a  certain  foreshadowing  of 


Fig.  14. 


Fig.  15. 


Dasya  huetzi/ngiana.  Marginaria  gigag. 

the  separation  between  the  stem,  the  roots,  and  the  leafy  expansion  or 
frond ;  but  there  is  nowhere  a  departure  from  the  simple  cellulai-  type, 
nor  is  there  any  real  specialization  of  function,  save  that  the  fructification 
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is  evolved  from  tlie  frondose  portion,  aaid  not  from  the  stem-like  or  root- 
ike  Ss     Most  Alga,  are  provided  with  a  special  apparatus  (such  as  the 
lite  axis,    mu&u     o         i      ,  „  pvolution  of  free  s;emma3,  which 

slicMdmm  of  Dasya,  Fig.  U,  a)  loi  tlie  evomuou  ui  ^  , 
nrP  sometimes  ciliated  like  the  zoospores  of  Protophyta,  and  wlucJi  imu 
tirt"  r^^^^^  fabric  independently  of  *-e  generative  act.  The 
Zner  -enenitive  organs  are  frequently  very  obscui-e,  and  are  often  buiied 
£  the  ."eneml  substance  of  the  frond;  occasionally,  hoMrever,  they  form 
LtptSfwHch  aa-e  prominent  externally  (Fig.  15  ,  or  -  ^lev^^^^^^^^^^ 
on  particular  branches  only.  The  embiyo-cells,  which  are  tlie  products 
of  the  fertilization  of  the  germ-cells  by  the  contents  of  the  ^P^nn-cells  do 
not  usually  imdergo  any  great  amount  of  subdivision  into  spores  before 
Lch  spoi/that  ha's  originated  fr-om  it  begins  to  develope  itself  into  a  new 
plant.  Hence  it  is  obvious  that  the  whole  oiisus  of  vital  activity  m  the 
A1-£B,  is  towards  Nutrition  rather  than  Generation —the  multiplication 
of  independent  organisms  of  the  existing  generation,  rather  than  the 
origination  of  new  series  by  the  proper  generative  act. 

25  On  the  other  hand,  Lichens  grow  upon  living  Plants,  upon  rocks 
and  stones,  upon  hard  earth,  or  other  situations  in  which  they  are 
sparingly  suppUed  with  moisture,  but  are  freely  exposed  to  light  and  air. 
They  derive  their  food  from  the  atmosphere,  and  from  the  water  which 
this  conveys  to  them ;  but  this  they  do  not  seem  to  absorb  equally  over 
the  whole  surface,  the  least  exposed  side  being  the  softer,  and  being  pro- 
bably the  one  through  which  most  liquid  is  imbibed,  whilst  it  is  rather 
thi'ough  the  other  that  carbon  is  drawn-in  from  the  air.  The  'nisus  or 
tendency  of  development  is  here  to  form  a  hard  crust-like  thallus,  ot 
slow  gi'owth,  and  of  rather  Hmited  dimensions,  but  of  great  durability 
(Figs.  16,  17);  and  in  the  several  layers  of  this  thallus,  there  is  consi- 

FiG.  16.  17. 


Paitmelia  acetabulum. 


Sphaerophoron  coralloides. 


*  The  term  '  spore'  has  been  used  to  designate  many  things  homologically  different. 
The  Author  believes  that  it  will  be  most  accordant  with  existing  usage,  to  continue  to 
apply  it  to  the  bodies  contained  in  the  capsules  of  Mosses,  Ferns,  &c.,  which  are  imme- 
diate or  remote  products  of  the  subdivision  of  the  embiyo-cell,  and  to  those  bodies  in 
AlgiE,  Lichens,  &c.,  which  are  homologous  with  them.  On  the  other  hand,  the  germ- 
cells  which  themselves  take  part  in  the  generative  act,  and  from  which  the  embryo-cells 
originate,  should  never  be  designated  by  the  term  spore. 
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derable  diversity  of  texture,  although  (as  in  the  Algae)  there  is  no 
depai^iu^  from  the  simple  cellular  type.  As  in  the  AlgVmoreover  we 
usual  y  find  a  special  arrangement  for  the  production  of  free  gemmje 
{sorecha),  by  which  the  number  of  independent  organisms  of  the  same 
generation  may  be  multiplied;  and  the  evolution  of  these  has  been 
frequently  considered  as  the  true  reproductive  process.  It  is  now  almost 
certain,  however,  that  in  this  ill-understood  group,  both  '  sperm-cells' 
and  'genn-cells'  exist,  although  usually  buried  in  the  substance  of  the 
tha  lus;  and  that  of  the  clusters  of  '  spores'  which  make  their  appearance 
withm  special  conceptacles,  each,  as  in  the  Algte,  is  the  result  of  the 
subdivision  (to  a  limited  extent)  of  a  single  embiyo-ceU  produced  by  the 
generative  act.  These  conceptacles  are  sometimes  bui-ied  in  the  substance 
of  the  thallus,  although  theii-  presence  usually  makes  itself  known  by  the 
prominence  which  it  causes  (Figs.  16,  17).  Some  tribes  of  Lichens  very 
closely  approximate  to  Algse,  both  in  theii-  concUtions  of  gro\vth,  and  in 
their  general  character  j  whilst  others  present  an  equally  close  approxi- 
mation to  Fungi;  so  that,  as  some  botanists  have  ranked  this  gi-oup 
with  the  former,  and  others  with  the  latter,  it  seems  reasonable  to 
regard  it  as  an  intermediate  section,  the  types  of  which  are  equally 
far  removed  from  both. 

26.  The  group  of  Fungi  difiers  from  both  the  preceding,  in  requiring 
as  the  most  favourable,  if  not  as  the  absolute  condition,  for  the  develop- 
ment of  the  Plants  belonging  to  it,  the  presence  of  dead  or  decaying 
organic  matter,  which  shall  afford  by  its  decomposition  a  larger  supply 
of  carbonic  acid  and  ammonia  than  the  atmosphere  and  its  moisture 

would  alone  furnish ;  their  growth  is  favoured 
by  darkness  rather  than  by  light ;  and,  like 
higher  plants  when  not  acted-on  by  light, 
they  absorb  oxygen  and  set-free  carbonic 
acid.  Their  simpler  forms  (Fig.  18)  strongly 
remind  us  of  the  lower  Algee  (compare 
Fig.  12)  in  their  grade  of  development,  the 
nutritive  and  reproductive  portions  not  being 
differentiated ;  but  in  the  higher  we  find  a 
very  marked  separation  between  these,  the 
reproductive  apparatus  being  here  as  pi'edo- 
minant,  as  is  the  nutritive  apparatus  in  the 
Algse.  The  vegetative  thallus  of  these  plants, 
which  extends  itself  indefinitely  in  situations 
favoiu-able  to  its  development,  has  a  very 
loose  flocculent  texture,  and  is  composed  of 
elongated  branching  cells  interlacing  amongst 
each  other,  but  having  no  intimate  connec- 
tion (Fig.  19,  a);  and  this  mycelvwm,  as  it  is  termed,  has  such  a  want  of 
definiteness  of  form,  and  varies  so  little  in  the  different  tribes  of  Fungi, 
that  no  determination  of  species,  genus,  or  even  family,  could  be  certainly 
made  from  it  alone.  Although  any  portion  of  this  mycelium  will  con- 
tinue to  vegetate  when  separated  from  the  rest,  it  does  not  appear  that 
there  is  any  provision  for  the  spontaneous  detachment  of  free  gemmoi  for 
the  multiplication  of  the  individual.  The  whole  nisus  of  vital  activity  in 
the  Fungi  seems  to  be  concentrated  upon  the  Generative  apparatus, 


Fig.  18. 


Stysanus  caput-medus<E. 
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Fig.  19. 


Clavaria  „Hspula;-a,  portion  of  the  myceUum  magnifled. 

(Fic^  20).  Late  observations  render  it  probable  that  Fungi  possess  a 
true'sex  ial  apparatus,  certain  cells  of  tbe  mycelium  being  ^^^^1°?^^^^*° 
sperm-cells,  Ad.  others  into  germ-cells;  and  that  what  is  known  as  the 


Fig.  20. 


^eidium  tusnlaginis  .—A,  portion  of  the  plant  magniJied  :-B,  section  of  one  of  the  concep- 
tacles  with  its  sporecles. 

'fructification'  is  the  product  of  an  act  of  conjugation,  the  immediate 
result  of  which  is  the  formation  of  an  embryo-cell,  wliich  afterwards  sub- 
divides almost  indefinitely,  so  as  to  produce  an  immense  mass  of  '  spores.' 
These  become  detached  from  each  other;  and,  being  usually  of  extreme 
minuteness,  are  carried  about  in  the  atmosphere,  so  as  to  become  deposited 
in  remote  soils,  and  to  give  rise  to  vast  numbers  of  separa,te  beings  consti- 
tuting a  new  generation.* 

*  It  is  interesting  to  observe  that  the  mode  of  evolution  of  many  of  these  Thallogens  is 
greatly  infliienced  by  the  conditions  under  which  it  takes  place.  Thus,  if  Lichens  be 
removed  from  the  influence  of  light,  and  be  over-supplied  with  moisture,  they  show  a  ten- 
dency to  the  extension  of  the  vegetative  or  foliaceous  portion  of  the  thallus,  with  a  non- 
development  of  the  fructification ;  and  the  thallus  often  assumes  the  hyssoid  form  of  the 
mycelium  of  Fungi,  so  that  it  might  be  readily  mistaken  for  this.  So,  again,  if  the 
simpler  forms  of  Fungi  develope  themselves  in  liquids,  they  show  an  unusual  tendency  to 
the  extension  of  the  mycelium ;  and  may  even  take-on  so  much  of  the  characteristic  appear- 
ance and  mode  of  growth  of  Algoe,  that  theii-  true  nature  becomes  apparent  only  when  the 
fructification  is  evolved. — See  the  description  of  '  a  Confervoid  state  of  Mucor  davatus,'  by 
the  Eev.  M.  J.  Berkeley,  in  the  "Magazine  of  Zoology  and  Botany,"  Vol.  II.  p.  340. 
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tiation  of  flf  l'''^f^^'\^'fl^^  «l«vation  consi«te  in  the  differen- 
tiation of  the  parts  of  the  Nutritive  apparatus,  and  in  their  still  more 
complete  separation  from  the  Generative.  In  ascending  thi-ou^h  the 
series  formed  by  IlepaHcce,  Mosses,  and  Ferns,  we  observe  a  proJe-ssive 
approximation  to  that  distinction  between  the  'axis' and  its  ' apDenda-es ' 
which  IS  characteristic  of  the  highest  forms  of  Vegetable  life  but  "the 
growth  of  the  axis  is  limited  to  one  or  both  of  its  extremities,  the  iDart 
ah;eady  formed  being  subject  to  very  little,  if  any,  increase;  and  from 
this  character  it  has  been  proposed  (by  Dr.  Lindley)  to  distinguish  this 
higher  division  of  the  Cryptogamic  series  by  the  title  Acrogens,  signi- 
ficant of  growth  at  their  points  alone.— The  lower  forms  of  the  Hepaiicce 
(such  as  the  Bicciacece)  closely  abut  upon  the  Lichens,  and  differ  from  them 

but  little  as  regards  the  or- 
ganisation  of  theii- nutritive 
apparatus,  although  their 
fructification  evolves  itself 
after  a  different  type.  In 
the  common  Marchantia 
(Fig.  21),  however,  the  soft 
green  thallus  now  assumes 
more  of  the  structure  and 
aspect  of  a  leaf,  having  an 
upper  and  under  cuticle 
(the  former  23erforated  with 
stomata),  and  an  interven- 
ing soft,  loose  parenchyma; 
and  distinct  radical  fibres  are 
thrown  out  from  the  lower  surface,  for  the  imbibition  of  moisture.  In 
the  Jungermannia  there  is  a  distinct  axis  of  growth,  on  which  the  folia- 
ceous  appendages  are  symmetrically  arranged;  these  are  not  completely 

differentiated  from  it  in  some  species,  but  in  others 
they  are  quite  separated,  and  have  an  indica- 
tion of  a  central  mid-rib ;  the  stem,  however, 
still  trails  on  the  gi-ound,  and  radical  fibres  are 
developed  from  every  part  of  it. — A  sHght  eleva- 
tion in  this  tyi^e  brings  us  to  that  of  the  Mosses, 
which  always  have  a  distinct  axis  of  growth,  com- 
monly more  or  less  erect,  with  the  foliaceous  ap- 
pendages symmetrically  arranged  upon  it  (Fig.  22). 
A  transverse  section  of  this  axis  shows  an  indi- 
cation of  a  separation  between  its  cortical  and  its 
meduLla/ry  portions,  by  the  intervention  of  a  layer 
of  elongated  cells,  that  seems  to  prefigure  the 
wood  of  higher  plants;  and  from  this  layer,  pro- 
longations pass  into  the  leaves,  in  which  they 
form  a  kind  of  mid-rib.  The  leaves,  however, 
do  not  themselves  present  any  considerable  ad- 
vance towards  the  more  perfect  type,  being 
merely  solid  homogeneous  aggregations  of  ceUs. 
And  no  proper  root  is  yet  evolved  as  a  descending 


Frond  of  Marchantia  polijmorpha. 


Fig.  22. 


JEissident  hryoide.s. 


continuation  of  the  axis,  radical-fibres  being  put  forth  from  every  part  of 
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x-j.-u„  ,^,-a/'W^<r  9'5'\  and  even  from  tlieunder-surfaces  of 
Z  S^lStL  of  L  plaut  by  the  formation  of  deb^hed  and 


FiQ.  23. 


Fig.  24. 


Marcltantia  jjoli/viorpha,  witli  peltate  receptacles 
bearing  antheridia. 


Mtxrcliantia  polymorpha,  with  lobed  recep- 
tacles bearing  pistiUidia. 


Fig.  25. 


some  species  owe  their  dispersion  and  perpetuation  much  more  to  this 
mode  of  propagation,  than  to  the  regular  generative  operation,  ihere 
is  no  longer  any  donbt  that  both  these  tribes  of 
plants  possess  true  sexual  organs;  namely,  antheridia 
containing  '  sperm-cells,'  and  pistiUidia  or  archegonia 
containing  '  germ-cells.'    In  Marchantia,  these  are 
bome  upon  distinct  plants,  and  both  are  sufficiently 
conspicuous  (Figs.  23,  24) ;  in  Mosses,  on  the  other 
hand,  they  are  usually  very  obscure,  and  are  gene- 
rally combined  in  the  same  individual.    The  pro- 
duct of  the  fertilization  of  one  of  the  germ-cells 
by  the  spermatoid  bodies  set  free  from  the  sperm- 
cells,  is  an  embryo-cell  which  develops  itself  into 
a  capside  containing  a  mass  of  '  spores;'  and  this, 
in  the  Mosses,  is  raised  by  the  elongation  of  its  foot- 
stalk, far  above  the  original  situation  of  the  pistilli- 
dium,  and  becomes  the  only  ostensible  fructification 
of  the  plant  (Fig.  25).    In  any  one  of  the  spores 
thus  formed  by  the  duplicative  subdivision  of  the 
embryo-cell,  a  new  plant  may  originate. — It  is 
chiefly  by  specialities  in  the  structure  of  their  gene- 
rative apparatus,  that  the  preceding  gi'oups  are 
distinguished  from  each  other;  each  having  its  own 
peculiar  type  of  fructification,  whilst  presenting  (as 
we  have  just  seen)  a  tolerably  regular  gradation    poiyMcimm  commwne. 
in  the  development  of  the  organs  of  nutrition. 

28.  Passing  from  these  to  the  Ferns,  we  find  such  a  rapid  elevation 
in  the  character  of  the  apparatus  of  nutrition,  as  causes  the  group  to 
approximate  closely  in  this  respect  to  the  Phanerogamic  division;  indeed 
its  members  may  be  said  to  be  more  highly  organized  in  most  respects 
than  the  inferior  Phanerogamia,  although,  the  type  of  their  generative 
apparatus  being  essentially  Cryptogamic,  they  must  be  considered  as 
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belonging  to  the  lower  rank  in  the  Vegetable  scale.  It  is  in  the 
iree-J^erns  that  we  have  the  most  perfect  evolution  of  the  characters  of 


Fia.  26. 


Fig.  27. 


Trichomanes. 


Frond  of  Scolopendrum. 


the  group ;  and  here  we  find,  not  only  an  ascending  axis  or  stem,  around 
which  the  foliaceous  appendages  are  symmetrically  arranged  in  a  sj)iral, 


Fig.  28. 


Fig.  29. 


Froiul  of  Onmuntla  regalis; — a,  stcrilo  or  folia- 
ceous portion  ;  h,  fertile  portion  : — A,  piirt  of  the 
latter  enlarged,  to  show  the  thecre. 


JEquisettim  arvcnse. 
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hut  a  Di-oper  descemUng  axis  or  true  root,  from  wHch  alone  tlie  mdical 
^res  CSven  off.    In  the  stem,  the  cortical  poxtxon  is  separated  from 

-rtSirinf^is^s^^^B^^^^^ 

Z  leSstX  and  thence  into  the  mid-rib  and  lateral  branches  of  the 
oUa  "^^^^^^^^^   to  wHch  they  form  a  ^^^^^^^[^^^^ 
leaves  of  PhlSerogamia.  These  organs  winch      distmgm^ed  ±rond« 
on  accoimt  of  theii"  combining  the  character  of  a  leaf  with  that  ot  an 
appS^o^^^^^^^^  are  constructed  upon  the  same  type  with  the 

SaC  of  Flowering-Plants;  being  composed  of  a  cellular  parenchyma 
Sosed  between  two  layers  of  epiderxnis  and  ^--^^S  -^f^f^^'^^^^ 
which  access  is  given  by  stomataj  and  they  can  scarcely  be  less  com- 
plete as  organs  of  nutrition,  although  stiU  made  to  bear  y^^^^  ^^^^^ 
Lotion  of  reproduction.   Even  in  this  respect  ^o^'-^r  -  ^^^J^^^^^ 
exhibits  itself  in  certain  Ferns,  as  the  Osmunda  recjahs  (Fig  J8)  whose 
fructification  is  restricted  to  particular  fronds,  or  parts  of  fronds  hence 
designated  'fertile,'  wliich  lose  their  foliaceous  character;  whilst  the 
remainder  bear  no  fructification,  and  are  hence  designated  as  stenle, 
performing  the  functions  of  leaves  alone.    The  ostensible  organs  of  fructi- 
fication aie  far  from  constituting  (as  they  were  imtil  lately  supposed  to 
do)  the  real  generative  apparatus;  for  this  is  evolved  at  a  period  ui 
the  life  of  tLe  plant,  at  which  its  appearance  was  totally  unexpected. 
Each  of  the  '  spore-cells'  which  are  set  free  from  conceptacles  on  the 
under  siu-face  of  the  fronds  (Fig.  27),  when  received  upon  a  damp  soil, 
extends  itself,  by  dupUcative  subdivision,  into  a  frondose  body  closely 
resembling  the  thallus  of  the  Marchantia;  it  is  in  this  that  the  'sperm- 


FiG.  30. 


Lycopodium  cernuam. 
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cells'  aud 


Fia.  31. 


Marsilea  guadHfoUa. 


germ-cells  are  evolved,  and  that  the  fertilization  of  the  latter 
by  self-moving  spermatoid  filaments  set  free  from' 
the  former,  takes  place  j  and  from  the  embryo- 
cell,  which  is  the  product  of  this  operation,  there 
arises— not,  as  in  the  Mosses  and  Liverworts 
a  conceptacle  filled  with  spores,  each  of  which 
may  give  origin  to  a  separate  plant,— but  a  single 
young  Fern,  which,  having  attained  its  full  deve- 
lopment by  duplicative  subdivision,  detaches  cer- 
tain of  its  cells,  as  '  spores,'  to  continue  the  race 
by  the  same  process.  In  tliis  deimrture  from  the 
plan  which  prevails  among  the  ioferior  Crypto- 
gamia,  we  have  an  obvious  tendency  towards  that 
of  the  Flowering-Plants :  the  entire  product  of 
each  generative  act  being  worked-up  (so  to  speak) 
in  the  Fern,  as  in  the  Flowering  Plant,  into  the 
diversified  parts  of  a  single  organism ;  instead  of 
being  subdivided,  as  in  the  inferior  Cryptogamia, 
amongst  an  indefinite  number  of  independent 
fabrics,  which  are  mere  repetitions  one  of  another. 
Still  the  ty2)e  of  the  generative  apparatus  in  the 
Ferns  is  essentially  Cryptogamic. — That  of  the 
Equisetaceoi  (Fig.  29)  appears  to  be  essentially 
the  same ;  but  in  Lycopodiaceoe,  (Fig.  30),  Isoe- 
tacece,  and  Mizocarpeo}  (Fig.  31),  there  is  a  still  closer  aiiproximation 
to  the  Phanerogamic  tjipe,  the  '  sperm-cells'  ('  small  spores')  being  directly 
produced  by  the  parent-structure,  and  the '  germ-cells'  alone  being  evolved, 
after  the  detachment  of  the  'large  spores,'  upon  the  ' prothallium'  into 
which  each  of  these  developes  itself 

29.  The  distinctive  character  of  the  Phanerogamia  or  '  Flowering- 
Plants'  is  not  the  possession  of  what  are  commonly  designated  as  '  flowers,' 
since  these  may  be  reduced  to  a  condition  in  which  they  are  scarcely 
distinguishable  from  the  fructification  of  the  Cryptogamia.  In  fact,  the 
group  of  Phizocarpese,  in  which  the  con'ciuTent  action  of  the  small  and 
large  sjiores  had  been  ascertained  to  be  necessary  for  the  production  of 
an  embryo,  was  referred  by  many  Botanists  to  this  division,  at  a  period 
when  the  existence  of  distinct  sexes  had  not  been  recognized  among  the 
Cryptogamia  generally,  and  when  it  was,  in  fact,  not  merely  doubted, 
but  usually  denied.  Still,  it  is  in  the  jjeculiar  type  of  their  Generative 
ajiparatus,  that  the  essential  distinction  lies ;  for  the  fertilizing  process  is 
performed  among  them  in  a  manner  not  elsewhere  seen,  namely,  by  the 
emission  of  a  long  tube  fi'om  the  'germ-cell'  (pollen-grain),  which  finds 
its  way  (often  thi-ough  a  distance  of  some  inches)  to  the  '  sperm-cell' 
buried  in  the  ovule ;  and  it  is  among  them  alone  that  a  true  seed  is  pro- 
duced, in  which,  with  the  embryo,  a  store  of  ready-prejiai-ed  nutriment 
is  laid-up  for  its  early  development.  This  sub-division  of  the  Vegetable 
kingdom  includes  a  vast  range  of  species  that  differ  very  greatly  in  the 
degree  of  development,  both  of  their  nutritive  and  then-  generative  appa- 
ratus; but  for  our  present  purpose,  it  will  be  sufficient  to  sketch  the 
typical  plan,  which  is  more  or  less  obviously  manifested  in  the  conforma- 
tion of  the  entir-e  gi'oup. — If  we  analyse  the  fabric  of  any  common  Phanero- 
gamous Plant,  we  find  that  it  consists  essentially  of  an  axis  and  ajjpendages; 
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Fio.  32. 


1  on  ntippndiuf^  portiou  or  stem,  and  of  a 

latter  being  distingnishable 
into  foliaceous  and  Jloral 
organs,  which  will  be  pre- 
sently sho^vn  to  be  modifi- 
cations of  the  same  funda- 
mental parts.     The  axis 
(Fig.  32,  A,  a  a)  is  composed 
of    cellular  parenchyma, 
with  a  larger  or  smaller 
proportion  of  fibro-vascular 
tissue ;  and  it  is  upon  the 
mode  in  which  these  com- 
ponents are  arranged  rela- 
tively to  each  other,  ajid  in 
which  progressive  additions 
are  made  to  the  diameter 
of  the  axis,  that  the  dis- 
tinction is  founded  between 
the  Endogenous  and  Exo- 
genous types,  wHch,  toge- 
ther  with  corresponding 
distinctions  in  the  struc- 
ture of  the  leaves,  flowers, 
and  seeds,  afibrds  a  basis 
for  the  sub-division  of  the 
Phanerogamia  into  two  pri- 
mary classes.     From  the 
central    axis,   bundles  of 
fibro-vascular  tissue  pass 
down  into  the  root-fibres 
which  form  the  ultimate 
ramifications  of  its  descend- 
ing portion;  these  are  en- 
veloped in  firm  tissue,  that 
limits  their  absorbent  power 
to  their  extremities,  which, 
beiag  still  soft  and  succulent, 

are  known  as  '  spongioles.'  On  the  other  hand,  the  fibro-vascular  bundles 
of  the  ascending  portion  of  the  axis  pass  into  the  footstalks  of  the  leaves; 
and  their  ultimate  ramifications  form  the  skeletons  of  these  organs,  the 
interstices  being  filled  up  with  cellular  parenchyma,  and  the  whole  being 
clothed  with  an  epidermis,  quite  distinct  in  texture  from  the  parenchyma 
it  covers,  and  perforated  by  the  peculiar  apertures  termed  'stomata' 
(Fig.  155).  Various  modifications  present  themselves  in  the  form  of  the 
leaves,  and  in  the  arrangement  of  their  component  parts ;  but  none  of 
these  afiect  the  essential  character  of  the  organs.  The  modes,  too,  in 
which  they  are  arranged  on  the  stem,  present  a  great  apparent  variety ; 
but  they  seem  all  reducible  to  one  fundamental  ty|)e,  namely,  a  sjnral, 
which  is  the  result  of  the  radiation  of  the  appendages,  not  fi-om  a  single 
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A,  Ideal  Plcmt,  after  ScUeiden ;  a  to  avi,  the  axia,  a  being 
the  root,  ai,  aii,  aiii,  oiv,  and  av  the  successive  mtemodes  ot 
the  stem,  and  o,>i  the  terminal  development  of  the  axis  into 
an  ovule :  b,  rootlets  ;  c  to  cvii  the  successive  fohaceous  ap- 
pendages to  the  axis,  c  being  the  cotyledons,  ei,  en,  and  d" 
the  ordinary  leaves,  civ  the  outer  floral  leaves  or  8epa,ls,  cv 
the  inner  floral  leaves  or  petals,  evi  the  stamens,  and  cvii  the 
carpellary  leaves;  d,  leaf-buds  :—B,  carpel  enclosing  an 
ovule,  seen  externally  and  in  section,  showmg  a  the  stigma, 
6  the  style,  e  the  ovary :— c,  leaf-buds,  as  seen  externally  at 
d',  and  in  section  at  d". 
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Svi!^l;-^1*  fr'^  ?(»i^,i««cZma^  axis.  When  this  plan  is  characteristically 
exhibited,  the  leaves  come  off  at  regular  intervals  along  the  axis,  but  not 
n  a  vertical  line  one  yith  another,— the  second  not  being  above  the  first, 
but  a  little  to  one  side  of  it,— the  third  holding  the  same  relation  to 
the  second,—and  so  on;  in  such  a  manner  that  a  line  carried  through  the 
points  of  origin  of  the  successive  leaves,  which  are  termed  '  nodes '  will 
not  only  ascend  the  stem,  but  will  gradually  turn  round  it,  and  will  at 
last  pass  through  a  point  dii-ectly  above  the  origin  of  the  fii-st  leaf.  The 
leaves  whose  origin  has  been  intersected  by  this  line,  whilst  it  makes  one 
turn  round  the  stem,  are  said  to  form  a  cycle;  and  the  number  of  leaves 
which  this  cycle  contains,  is  subject  to  gi-eat  variations.  Thus  in  Dicoty- 
ledonous ^^\^.^xtB  generaUy  it  maybe  said  to  be>e;  that  is,  the  sixth  leaf 
will  be  directly  above  the  fii^st,  the  eleventh  dii-ectly  above  the  sixth,  and 
so  on.  In  Monocotyledons,  however,  the  typical  number  is  three;  the 
foui-th  leaf  being  above  the  first,  the  seventh  above  the  fourth,  and  so  on. 
There  are  cases  in  which  the  cycle  seems  to  consist  of  only  two  leaves; 
each  leaf  springing  from  the  side  of  the  stem  precisely  opposite  to  that 
from  which  the  leaf  below  it,  as  well  as  the  one  above  it,  arises.  The 
most  common  departures  from  the  spiral  type,  shown  in  the  disposition  of 
the  leaves,  are  those  which  are  known  as  the  opposite  and  the  verticUlate 
(or  radiate)  arrangements.  These  may  be  reconciled  with  it  in  three 
modes,  each  of  which  has  some  evidence  to  recommend  it ;  and  perhaps 
the  deviation  does  not  always  take  place  in  the  same  way.'"' 

30.  The  complete /oTO?  apparatus  of  Phanerogamia  consists  externally 
of  a  'perianth,'  composed  of  a  series  of  verticils  of  foliaceous  organs, 
which  do  not  depart  widely,  except  in  colour,  from  the  ordinary  type  of 
the  leaf,  and  are  arranged  according  to  the  law  of  sj)iral  development 
round  the  axis.  For  the  fii-st  or  outermost  layer  of  the  '  perianth,'  in  a 
perfectly  regular  flower,  is  fonned  of  a  whorl  of  bracts;  the  calyx  is  com- 
posed of  a  whorl  of  sepals  (Fig.  32,  c"^)  alternating  with  the  preceding; 
and  the  corolla,  in  like  manner,  consists  of  a  whorl  of  petals  (c^,  which 
alternates  with  that  of  the  sepals,  but  corresponds  with  that  of  the  bracts. 
These  whorls,  in  many  flowers,  are  considerably  multiplied,  and  the  spiral 
arrangement  of  their  component  parts  is  often  very  obvious;  and,  when 

*  Tims,  *  opposite'  leaves  would  be  produced  in  a  plant  whose  '  cycle'  consisted  only  of 
two,  by  tie  non-development  of  evei-y  alternate  segment,  or  '  internode'  of  the  stem,  so 
that  each  leaf  and  its  successor  on  the  opposite  side  come  to  be  developed  from  the 
same  part  of  the  stem,  whilst  separated  by  an  interval  from  the  next  pair.  But  this 
explanation  does  not  siiit  those  cases,  in  which  the  successive  pairs  of  leaves  are  arranged 
on  the  stem  at  right  angles  to  each  other ;  and  this  arrangement  may  either  be  attributed 
to  the  development  of  two  opposite  leaves  from  each  node,  the  successive  pairs  being  then 
arranged  in  a  cycle  of  four ;  or  to  the  existence  of  two  spirals  proceeding  up  the  stem 
simultaneously.- — In  like  manner,  a  '  verticil'  of  five  leaves  originating  from  the  same 
point  of  the  stem,  may  be  conceived  to  result  from  the  non-development  of  the  internodes 
between  five  successive  nodes ;  and  it  sometimes  happens  that  leaves  which  have  a  ver- 
ticillate  arrangement  at  one  part  of  the  stem,  are  spiral  at  another,  being  separated  by 
the  development  of  the  intermediate  internodes.  But  this  does  not  account  for  the  fact, 
that  the  successive  whorls  themselves  usually  alternate  with  each  other ;  each  leaf  of  the 
verticil  being  over  the  spaces  between  the  leaves  of  the  verticil  beneath  it. — And  here 
again  it  would  seem  necessary,  either  to  imagine  that  all  the  leaves  of  one  verticil  may 
originate  from  a  single  internode,  or  to  suppose  several  spirals  to  be  passing  round  the 
stem.  In  either  way,  however,  this  very  common  arrangement  is  reconcilable  with  the 
general  theory  of  spu-al  development,  wliich  is  thus  readily  carried  into  application  as 
regards  the  disposition  of  the  parts  of  the  Flower. 
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such  is  the  case  (as  in  the  Gardeu  PiBony),  we  may  observe  such  a  gi;adual 
passai  the  type  of  the  ordinary  leaf,  through  the  succession  of 

Wtfanc  s^,als,  to  the  most  characteristic  petal  that  the  essential  con- 
Wtrof  tlS  last  to  the  same  general  tyi^e  with  the  preceding  cannot 
be  for  a  moment  doubted.  In  the  flowers  of  Dicotyledons,  the  tpical 
number  S  cTmponents  of  each  whorl,  as  of  that  of  the  cycle  of  ordinary 
leaves  is>',  whilst  in  the  Monocotyledons  it  three.  The  regulari  y  of 
a  flower  L;  be  interfered-mth  by  the  suppression  or  by  the  niultiplica- 
J^inT?  of  whorls  -  but  the  greatest  departures  from  archetypal  simplicity 
arthosI  wMch?^nl^  vineq'ual  development  of  cHfFerent  parts 

of  the  same  whorl,  some  being  very  imperfectly  evolved  or  even  entu-ely 
suppressed,  whilst  others  are  extraordinarily  augmented  m  si^e,  and 
stmngely  altered  in  figure  and  character.    The  scientific  Botamst  how- 
ever, can  seldom  be  at  a  loss  in  the  investigation  of  their  real  nature,  if 
he  proceed  on  the  morphological  principles  already  explained;  and  he 
continually  finds  his  determinations  justified  by  the  occurrence  ol  mon- 
strosities,' which  exhibit  a  more  or  less  complete  reversion  to  the  arche- 
tvpal  form  (S  82).    The  non-essential  character  of  the  perianth  is  indi- 
cated by  the  deficiency  of  one  or  more  of  its  whorls  in  many  tribes  of 
Plants,  which  are  nevertheless  truly  Phanerogamic.    It  is  mtere&liing  to 
remark,  however,  that  the  group  of  Gymnospermce,  in  which  the  deficiency 
is  most  complete,  reaUy  form  a  transition-step  to  the  higher  Cryptogamia, 
in  vii-tue  of  certain  peculiarities  in  theii'  proper  generative  apparatus, 
which  will  be  explained  hereafter  (chap,  xi).— It  is  within  the  protection 
of  the  perianth,  that  the  true  generative  organs  are  developed;  and  these 
consist  of  the  anthers,  (Fig.  32,  c^i)  from  which  the  '  sperm-cells'  (here 
tei-med  pollen-grains)  are  evolved,  and  the  carpels  (c^),  whose  aggrega- 
tion forms  the  pistil,  containing  the  ovules  {a^),  each  of  which  includes 
a  '  germ-ceU'  imbedded  in  a  mass  of  nutritious  matter,  the  whole  invested 
by  two  or  more  seed-coats.    Now  the  anthers,  which  with  their  support- 
ing '  filaments'  constitute  the  stamens,  depart  more  widely  than  do  the 
sepals  and  petals  from  the  ordinary  condition  of  the  leaf ;  but  it  is  quite 
certain,  alike  from  the  history  of  their  development,  from  the  series  of 
intermediate  forms  which  some  flowers  (as  the  Nymphcea  alba,  or  white 
water-lily)  present,  and  from  their  occasional  reversion  in  monstrous 
flowers  to  the  form  of  petal  or  sepal,  or  even  to  that  of  the  ordinary  leaf, 
that  they  too  belong  to  the  same  type  of  structure.  The  carpels  (b),  again, 
may  be  regarded  as  leaves  folded  together  at  the  edges ;  as  is  indicated 
by  their  frequent  retention  of  much  of  the  leafy  character,  even  in  the 
normally-developed  flower,  and  by  their  occasional  more  or  less  complete 
reversion  to  the  type  of  the  leaf  in  monstrous  blossoms,  sometimes  when 
(as  in  the  common  '  double  cherry')  the  stamens  have  undergone  a  less 
complete  transformation.    In  the  Gymnosperms,  indeed,  the  carpellary 
leaves  are  not  folded  together  so  as  to  enclose  the  ovules,  which  are  deve- 
loped upon  their  internal  surfaces ;  and  merely  protect  them  during  their 
immaturity,  by  their  o\vn  mutual  adhesion. — It  is  the  general  rule  for 
the  two  kinds  of  sexual  organs  to  be  developed  in  the  same  organism ; 
and  where,  as  is  most  commonly  the  case,  every  flower  contains  both 
stamens  and  carpels,  it  is  said  to  be  herma2')hrodite.    There  are  certain 
cases,  however,  in  which,  by  the  suppression  of  one  or  other  of  these 
whorls,  the  flowers  become  unisexual;  wlien  the  staminiferous  or  male 
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flowers  are  borne  on  the  same  plant  or  tree  witli  the  pistilline  it  is  said 

feient  ndxyiduals  the  species  is  said  to  be  di<^ciou8.  This  last  arrange- 
ment, m  which  the  generative  apparatus  attains  its  highest  degree  of 
differentiation,  is  comparatively  infrequent;  but  we  find  examples  of  it  in 
several  groups  of  Cryptogamia,  as  weU  as  among  Phanerogamia. 

6L  ihe  embryo-cell,'  which  is  formed  within  the  germ-cell,  after  the 
admixtm-e  of  the  contents  of  the  sperm-cell  with  its  own  by  the  means 
already  adyerted-to,  developes  itself  by  dupUcative  subdivision,  iust  as 
among  the  lowest  Cryptogamia;  but  the  nourishment  which  it  requires 
tor  the  continuance  of  this  operation  is  furnished  by  the  store  previously 
laid-up  m  the  ovnle;  and  the  entii^e  mass  of  cells  thus  formed,  instead  of 
subdividing  to  constitute  a  multitude  of  independent  organisms,  remains 
connected  so  as  to  form  but  a  single  fabric ;  and  this  exhibits  at  a  very  early 
period  a  tendency  to  become  heterogeneous,  by  the  development  of  distinct 
organs,  every  kind  of  organ,  however,  being  very  numerously  repeated. 
J^or,  at  the  time  that  the  seed  is  detached,  as  a  self-sustaining  struc- 
ture, from  the  parent,  the  embryonic  rudiments  of  the  stem  and  root 
are  already  formed,  and  a  temporary  leaf-like  expansion,  the  single  or 
double  cotyledon  (Fig.  32,  a,  c),  is  prepared  to  evolve  itself;  whilst  a  supply 
of  nutriment  for  its  further  development  is  stored-up  within  it,  either  form- 
ing a  separate  albumen  external  to  the  embryo,  or  being  contained  within 
its  cotyledons,  which  are  in  that  case  thick  and  fleshy.  The  subsequent 
evolution  of  the  plant,  of  which  'germination'  is  the  first  stage,  consists  in 
the  progressiye  development  of  the  ascending  and  descending  axes  and  of 
their  respective  ramifications,  these  remaining  permanent;  and  in  the 
evolution,  from  the  ascending  axis,  of  a  succession  of  mutually-similar 
appendages,  foliaceous  and  floral,  which  have  only  a  temporary  existence, 
each  set  being  in  its  turn  replaced  by  another.  Thus  the  individuality  of 
the  whole  fabric  is  maintained,  whilst  a  continual  change  is  taking  place 
in  certain  of  its  component  parts. 

32.  It  is  with  the  performance  of  the  true  generative  act,  and  the 
consequent  production  of  a  new  embryo-cell,  that  each  "  new  generation" 
originates.  But  it  is  not  in  this  mode  alone,  that  Phanerogamic  Plants 
(for  the  most  part  at  least)  are  multiplied.  For  each  leaf-bud  usually 
possesses  within  itself  the  capacity  of  putting  forth  roots,  when  separated 
fi'om  the  parent-stock  and  placed  in  circumstances  favourable  to  its 
growth,  so  that  it  thus  becomes  capable  of  maintaining  an  independent 
existence,  and  of  developing  itself  into  a  perfect  Plant ;  and  there  ai-e 
some  Phanerogamia  which  spontaneously  detach  leaf-buds  or  '  bulbels,'  and 
which  thus  multiply  themselves  after  a  manner  analogous  to  that  which 
prevails  so  remarkably  among  the  lower  Cryptogamia.  This  is  pre- 
eminently the  ease,  for  example,  with  the  common  L&mna  (duck-weed), 
each  plant  of  which  consists  of  but  a  single  foliaceous  body,  with  a  root- 
fibre  hanging  from  its  under  sui-face;  this  puts  forth  buds  from  its 
margin ;  and  these  buds,  early  detaching  themselves  from  theii*  stocks, 
henceforth  maintain  an  independent  existence,  so  that  the  plant  thus 
becomes  rapidly  multiplied  by  gemmation,  lai-ge  surfaces  of  water  being 
covered  by  the  growth  proceeding  from  a  single  individual,  without 
the  intervention  of  any  process  of  generation. — It  is  interesting  to 
remark  tliat  this  little  plant  seems  to  hold  almost  the  same  relation  to 
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•  the  lowest  Protophyta  do  to  Cryptogamia.    For  it 

Plianeroganna,  that  tJie  lowest  x      i  ^  ^  ^  l,eiiig  fused 

scarcely  presents  any  ^f^^^J^  l"lS^;t1^ie  organs  of  reproduction  are 
together  into  a  smgle  flattened  lobe,  wnxisj         «      ^    ^^-^  ^  i^.^  g. 

.educed  to  their  ^^^^^^^^^  of  scarcely  an'y- 

Its  textxu-e,  too,  is  of  the  ^^^^^^^^^^^  And  the  developmental  process  here,  as 
thing  but  ordinary  cellvdar  tissue.  ^^(^         .  '  ^Yac\  repeat 

in  the  Protococci,  consists  in  the  ^^^^  P^^^f^Xf  n^f^^^^^^  of  mutual 
each  other  in  every  V-^^^^^^l^' l^l^^'^;  coSntT  instead  of  tending, 
dependence,  can  exist  as  ^^^^^^^^^  ^  ^^lolAo^  of  a  single  fabric, 
as  in  the  l^S^^r  forms  of  VegetaWe  n^^^^^^  ^^^^^^^^  ^^^^ 

Uigamseci  v^iedia    ,  .^^        expresses  itself.  The 

Tolett  o^ySSt^^^^^^^  consists  in  the  activity  of  the  organs 
If  N^ron  and  Eeproductionj  but,  on  the  other  tand,  the  ms^.  of 
iiZal  Se  tends  towards  the  evolution  of  faculties  of  Sensa^ioa 
^f  Self-determined  motion,  and,  in  its  highest  manifestation,  to  that 
of  the  Intellieence  and  WiU.  The  instruments  of  these  faculties,  how- 
l^aL  in  r^^^^^^^  developed,  and  are  afterwards  Bustamed  by 

the  brownie  apparatJ  with  which  they  are  connected;  whilst,  m  then- 
ton;  t^be^oU  subservient  to  i^.  ^  so  that  in  those  forms 
o^AnimJl  existence,  in  which  there  is  the  greatest  differentiation  of 
or-ans  there  is  at  the  same  time  the  closest  relation  of  mutual  depen- 
dence In  their-  actions;  and  every  thing  tends  to  render  the  entire  pro- 
duct of  each  generative  act  a  single  individiml,  in  the  most  restricted 
sense  of  that  term,  no  multiplication  by  the  subdivision  of  that  product 
ever  taking  place  (save  as  a  monstrosity),  but  the  whole  of  it  evolving 
itself  into  a  congeries  of  different  but  mutually-related  organs,    it  is 
onlv  in  the  higher  forms  of  Animal  existence,  however,  that  we  meet 
with  this  complete  individuaUsation,  and  tliis  marked  predommance  ot 
the  animal  over  the  vegetative.    In  a  large  proportion  of  the  beings 
composing  this  kingdom,  the  apparatus  which  is  subservient  to  the 
strictiy  animal  functions  is  scarcely  differentiated  from  that  which 
ministers  to  organic  life;  in  many  of  the  cases  in  which  the  former  is 
separately  distinguished,  it  seems  but  a  mere  appendage  to  the  latter  ; 
and  it  is  only  in  the  highest  or  Yertebrate  type,  that  we  find  the  general 
plan  of  the  fabric  distinctly  arranged  with  special  reference  to  the  mani- 
festations of  Animal  power,  which  involve  the  exercise  of  its  highest  attri- 
bute,—-Intelligence.    The  nearest  approach  to  this  is  made  in  the  higher 
forms  of  the  Articulated  series;  in  which  a  very  remarkable  degree  of 
development  is  given  to  the  instruments  of  the  lower  animal  powers, 
especially  the  locomotive  apparatus ;  and  in  which  the  general  plan  of 
structure,  and  the  ai-rangement  of  the  nutritive  apparatus,  have  evident 
reference  to  this.    But  in  the  Mollusca,  we  find  a  marked  predominance 
of  the  Vegetative  apparatus;  it  being  in  only  a  small  proportion  of  the 
group,  that  there  is  any  considerable  power  of  movement.    And  in  the 
Radiata,  it  becomes  obvious  that  the  general  plan  has  reference  rather 


38  GENERAL  PLAN  OF  ORGANIC  STRUCTURE  AND  DEVELOPMENT. 

to  the  'vegetative  repetition'  of  the  organs  of  Nutrition  and  Reproduction 
than  to  any  manifestation  of  the  higher  Animal  powers  S^pamtus 

pai-ts.— Notwithstanchng  the  diversity  of  these  types  of  structure  how- 
ever, and  the  marked  differences  which  they  present  in  regard  to  the 
relative  development  of  their  several  organs/we  observe  inlJe  Hgher 
forms  (at  least)  of  each  of  them,  a  differentiation  of  all  the  most  impozf  an^ 
parts  by  which  the  Animal  is  especially  chamcterised.  For  we  find  in 
each  tyiDe  a  dtgeshve  cavity/  for  the  reception  and  preparation  of  aHment  • 
chyh/erous  channels  or  ^^essefe,  into  which  the  liquid  prepared  by  the  diges- 
tive process  transudes  from  this  cavity,  to  be  conveyed  to  the  remoter 
parts  of  the  organism;  a  circulating  system,  by  which  the  distribution  of 
the  nutritive  fluid  is  effected,  the  sui-plus  materials  brought  back,  and  the 
waste  or  refuse  matter  removed  from  the  tissues  and  conveyed  for  elimi- 
nation to  appropriate  organs;  a  respiratory  surface,  through  which  the 
circulatmg  fliud  is  exposed  to  the  influence  of  atmospheric  aii-;  secreting 
glands  for  the  separation  of  certain  products  from  the  blood,  either  for 
^ts  purification,  or  for  special  uses  in  the  economy,  or  for  both  pm-poses 
combmed;  generative  organs,  in  which  'sperm-cells,'  or  'germ-cells'  or 
both,  are  developed,  the  latter  being  enclosed  (as  in  Phanerogamous 
Plants)  in  a  store  of  nutriment  prepared  for  the  nutrition  of  the  germ,  so 
as  to  constitute  an  ovtim;  organs  of  support  and  protection,  forming  a 
'  skeleton'  of  some  kind,  either  external  or  internal ;  organs  sensation; 
organs     consciousness  and  self-direction;  and  organs  of  locomotion. 

34.  It  is  true  that  in  the  least-developed  forms  of  each  ty|De,  we  may 
find  some  or  other  of  these  organs  but  little  distinguished  from  the 
general  structure,  or  even  entirely  absent ;  but  the  proportion  of  such 
forms  is  smaller,  the  higher  we  ascend  in  the  scale.  Thus,  in  a  large 
part  of  the  Radiated  series,  there  is  but  little  differentiation  of  the  several 
parts  of  the  nutritive  apparatus;  and  although  the  reproductive  is  nearly 
always  very  distinct  from  it,  yet  even  this  is  scarcely  segregated  in 
the  lowest  examples  of  the  type :  whilst  even  the  very  slight  develop- 
ment which  the  organs  of  animal  life  attain  in  the  higher  Radiata,  is 
altogether  wanting  in  the  lower,  among  which  they  are  not  distinguish- 
able by  any  structiu'al  mark. — But  in  the  Molluscous  series,  it  is  only 
among  the  very  lowest  that  we  have  a  difficulty  in  distinguisliing  all  the 
essential  parts  of  the  apparatus  of  nutrition  and  reproduction,  the  absorbent 
and  circulating  apparatus  being  usually  that  which  is  most  imperfectly 
developed;  and  although  the  organs  of  sense  and  locomotion  are  not 
evolved  in  the  same  proportion,  we  never  fail  to  find  a  nervous  ganglion, 
which  must  be  considered  as  marking  the  existence  of  some  degree  of 
consciousness. — On  the  other  hand,  in  the  lowest  forms  of  the  Articu- 
lated series,  it  is  the  imperfection  of  the  nutritive  apparatus  which  most 
strikes  us ;  and  although  distinct  sensori-motor  organs  are  there  also  very 
deficient,  yet  they  present  themselves  very  prominently  in  higher 
parts  of  this  series,  in  which  the  type  of  nutritive  system  is  still  com- 
l^aratively  low.  In  both  these  sub-kingdoms,  however,  it  is  only  in  a 
small  projiortion  of  each  series  respectively,  that  we  fail  to  discern  all 
the  essential  parts  of  the  assemblage  of  organs  just  now  enumei-ated ;  those 
higher  forms  of  each,  in  which  the  differentiation  is  complete,  constitut- 
ing the  great  bulk  of  its  entire  series,  instead  of  being,  as  among  the 
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Baaia..  oxc—  a.  to  —  ^tp.^^^^^^^^^^  o^^ 
regard  to  tyi^e  likewise.*— Now  m  tne  k  ij^variable  rule;  it 

dilerentiatiou  of  all  these  ^^  J^^^  A^Moa^s),  that  we 
being  only  m  one  of  the  I'^^^  ^       any  of  the  systems  above 

Bieet  with  such  an  ^.^f  ^^^^/^J'S^^^^  in  which  they  are 

enxuneratecl^asreimndsus^^^^^^^^^ 

absolutely  deficient.— There  types  of  Animal  confor- 

the  preceding,  in  regard  to  ^^''^         ^^^^^  in  which  they 

mation  present  a       ^ed  coniras^^^^^^^^^  gemmation.     This  power 

are  severally  ^^P^^^^,  .  ^^^XtrlS  s^L  de^^  as  among  the  higher 
exists  among  Zoophytes  m  7  in  the  latter,  usually 

Plants;  for,       f^^^^g^^^,^^^^^^^  capable  of  maintaining 

remain  connected  with  the  paient  ^^"^  thrown-ofF  in  some  species, 

their-  existence  if  detached,  and  are  r^^^^^^  capabHities  of 

the  leaf  of  Bryophyllum  will  give  ongm  *%^^^;^^^f  ^^^^^^^^ 

Veitebrata  it  seems  en t  j  occasionally  occtu'  as  an  abnormality,  at 
Ihr^iy'pe"^^^  ISnTthe  ge  m  when  its  grade  of  develop  ■ 

^^ii;?^^^^^^^^^^^ 

ever  there  isTg?oup  of  beings  which  cannot  be  regarded  as  presentmg 
even  rimUment^f  the  plan  of  conformation  that  is  characteristic  of  any 
ole  of  iem,  and  in  which  scarcely  any  cUfferentiation  of  o^'g^-^ 
chscerned,-a  gi-oup,  in  fact,  which  holds  a  rank  m  the  Animal  kmgdom 
S  is  precisely  parallel  to  that  of  the  Protophyta  m  the  Vegetable  (§  22), 
tnd  wHch  may  therefore  be  appropriately  designated  Pkoxozoa^  Between 
these  two  gTox^s,  indeed,  no  definite  line  of  demarcation  can  be  diwn  ,; 
and  the  same  beikgs  have  been  reckoned  as  Plants  or  as  Ammals  accord- 
ing to  the  particular  views  of  the  classifier  m  regard  to  the  mode  m 
which  they  Siould  be  cHstinguished.    A  large  proportion  of  the  Protozoa 
consist  of  single  cells,  or  of  aggi^egations  of  cells  m  which  there  is  no 
difi-erentiation  of  character;  and  in  the  lowest  forms  of  them,  there  is  not 
even  that  distinctness  of  the  cell-wall  from  the  cell-contents  which  exists 
in  every  completely-developed  cell,  but  the  whole  forms  one  mass  of 
livin-  ieUy  (Fig.  33).    The  animal  character  of  this,  however,  is  marked 
in  its  mode  of  nutrition ;  for  it  does  not  draw  its  aliment,  like  the  Proto- 
phytes,  from  the  sun-ounding  air  and  moisture,  but  is  dependent  lor  its 
support  upon  organic  substances  previously  elaborated  by  other  beings, 
which  it  envelopes  with  its  own  jelly-like  substance,  and  of  which  it 
gradually  dissolves  and  appropriates  that  which  is  fitted  for  its  own 

*  In  the  Author's  opinion,  the  Zoophytes,  not  the  Echinodermata,  are  the  types  of  the 
Radiated  series  ■-■Gaderopods  of  the  Mollmcousj— Insects  of  the  Articulated ;—i^nd 
Mammals  of  the  Vertehrated. 


40 


GENERAL  PLAN  OP  ORGANIC  STRUCTURE  AND  DEVELOPMENT. 


increase.  The  animal  character  of  this  body  is  also  indicated  bv  its 
movements:  for  although  the  '  zoospores'  of  the  Proto^Syta  and  lowt 


Fig.  33. 


AnuBba  pnncepg,  in  different  forms,  a,  b,  c. 


Algje  are  rapidly  propelled  through  the  water  by  cUiary  action  vet  thev 
do  not  exhxbxt  that  motion  of  one  part  upon  another,  wHch  s  £  S 
in  the  simplest  Protozoa.  But  there  are  as  yet  no  special  iustrlent^ 
either  for  sensation  or  for  motion.  As  every  part  of  the  bX  is 
7::  i:tt^  ^r  digestion  ^r  absolution,  for'^ci'rculation,  for  re^ii " 
tion,  and  for  secretion,  so  does  every  part  appear  equally  capable  of 
receiving  impressions  made  upon  it,  and  of  respiting  to  them  by  a  con 
o?tto'drT"%  ^--/^i-^f-ti-g-pointwe  may  proceed  ij  either 
tbp  Zw  1  '  71^^  Infusory  Anr,nalcules  a  tendency  to 

the  mdividuahsation  of  the  single  cell,  which  seems  to  attain  in  them  its 
highest  development  as  a  separate  entity;  whilst  in  the Mhizopoda  (Fora- 
mmifera)  and  Por*/.m  (Sponges)  we  find  aggregations  of  gelatinous  bodies 
(which  present  more  or  less  distinctly  the  characters  of  true  ceHs)  assirni- 
ing  certain  definite  types  of  form,  and  approaching  the  individualitv  of 
higher  organisms.— In  the  true  Animalcules  (excluding  the  Rhizopods 
and  the  Protophyta  which  have  been  confounded  with  them)  we  find  an 
obvious  distinction  between  cell-wall  and  cell-cavity;  there  is  a  definite 
opening  into  the  latter,  through  which  food  is  introduced,  instead  of  its 
being  received  into  any  part  of  the  mass;  and  there  is  frequently,  also  a 
second  orifice,  through  which  indigestible  particles  are  expelled.  More- 
over, the  locomotion  of  these  beings  is  performed,  as  in  the  Protophyta 
by  the  agency  of  cilia;  these  being  iDrolongations  of  the  cell  itself,  to  which 
the-  contractile  power  is  especiaUy  delegated.    Theii-  multipHcation  is 
ordinarUy  accomplished,  like  that  of  the  Protophyta,  by  dupHcative  sub- 
division; and  in  this  way  a  vast  number  of  similar  beings  may  be  pro- 
duced, each  of  which  is  a  repetition  of  the  rest,  and  lives  altogether  inde- 
pendently of  them.    But  it  seems  probable  that,  like  the  Protophyta, 
they  have  a  proper  generative  process,  consisting  in  the  '  conjugation'  of 
two  similar  cells ;  no  sexual  distinction  as  yet  manifesting  itself  between 
these,  and  both  of  them  apparently  contributing  in  the  same  manner  and 
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cle<n-ee  to  the  production  of  the  germ.-In  the  Rhizopoda  we  find  the 
shnple  lelly-like  mass  extencUng  itself  by  gemmation,  and  at  the  same 
tU  very  commonly  forming  a  calcareous  envelope  upon  its  exterior; 
whilst  through  apertm-es  in  this  are  put  forth  extensions  {pseudopod^a)  of 
the  soft  substance  in  its  interior,  through  ^^^^f  '  >W     r f 

nutriment  into  the  body  seems  to  be  chiefly  effected.  Notwithstanding 
the  small  amount  of  differentiation  which  appears  to  exist  among  the 
several  products  of  gemmation,  yet  a  strong  tendency  to  mdividuahsa- 
tion  in  the  entire  aggi-egate  is  shown  in  the  very  definite  plan  of  growth 
which  each  species  exhibits,  as  is  most  obviously  seen  m  NmivnmUes 
and  other  higher  forms  of  Foraminifera.    Of  the  mode  of  multiplication 
of  these  animals,  nothing  is  yet  known.— In  the  Ponfera,  or  Sponges, 
there  is,  with  less  definiteness  of  configuration  in  the  aggregate  mass  pro- 
duced by  gemmation  from  the  single  primordial  cell,  a  much  higher 
decn-ee  of  mutual  interdependence;  for  we  now  find  the  component 
particles  so  aiTanged  as  to  form  the  rudiments  of  differentiated  organs, 
whilst  the  general  plan  of  structure  approaches  that  which  we  meeWith 
among  the  lower  Zoophytes,  in  whose  fabrics  the  individuality  of  the 
components  is  still  more  completely  merged  in  that  of  the  organism  as  a 
whole.    For,  in  the  first  place,  we  have  a  marked  distinction^  between 
the  internal  fibrous  skeleton  and  the  soft  flesh  which  clothes  it;  and 
these  components  have  a  very  definite  and  characteristic  arrangement, 
which  varies  in  different  parts  of  the  mass ;  being  dissimilar,  near  the 
external  surface,  and  around  the  internal  canals,  to  that  which  prevails  in 
the  intervening  substance.    Again,  in  the  system  of  absorbent  pores  for 
the  entrance  of  liquid,  and  of  ramifying  canals  for  its  discharge,  we  have 
the  first  rudiment  of  a  digestive  and  circulatoiy  apparatus,  not  yet 
marked-off,  however,  from  the  general  cavity  of  the  body.    And  although 
the  organs  of  nutrition  do  not  present  any  further  specialisation,  yet  those 
of  reproduction  are  differentiated  from  them,  and  are  limited  to  particular 
parts  of  the  mass.    Even  in  this  lowest  form  of  an  aggregate  Animal, 
there  is  reason  to  believe  that  a  true  ovum  is  produced ;  so  that  we  here 
already  advance  to  the  same  essential  type  of  generation,  as  that  which 
prevails  in  the  highest  j)lants. 

36.  Among  the  four  definite  types  of  structure  under  which  all  the 
higher  forms  of  Animal  organization  may  be  ranked,  the  Radiated, 
as  already  remarked,  unquestionably  holds  the  lowest  rank:  in  virtue 
alike  of  the  close  conformity  of  its  general  plan  to  that  which  prevails  in 
the  higher  Plants ;  of  that  predominance  of  its  Vegetative  or  Nutritive 
apparatus  over  that  of  Animal  life,  which  is  conspicuous  even  in  its 
higher  tyjjes;  and  of  that  very  imperfect  differentiation  of  the  organs  of 
the  former,  which  prevails  through  the  larger  part  of  the  group.  Each 
of  these  points  will  now  be  noticed  in  some  detail. — The  radial  sym- 
metry must  be  regarded  as  in  itself  a  vegetative  character,  for  it  cor- 
responds with  that  which  is  seen  in  the  disposition  of  the  appendages 
around  the  axis  in  the  leaf-buds  and  flower-buds  of  plants ;  and  it  is  inti- 
mately connected  with  another  vegetative  character,  the  repetition  of 
similar  parts.  Thus,  in  the  animals  in  which  it  prevails,  we  find  the 
central  mouth  to  be  sun-ounded  externally  by  a  circulai-  series  of  pre- 
hensile appendages ;  which  may  be  mere  oral  tentacles,  as  in  the  Polypes 
(Figs.  34,  3.5),  the  Medusce  (Fig.  93),  and  the  ITolothuria  (Fig.  40),  true 
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arms,  as  in  the  OjMura  and  Comatula  (Figs.  8,  38),  or  divisions  of  the 
body  itself,  as  in  the  Star-fish  (Fig.  37).  In  the  arrangement  of  the  kitemal 
orgiuis,  a  similar  chai-acter  is  exhibited;  that  is,  a  circular  disposition  of 
parts  which  precisely  repeat  each  other.  There  are,  it  is  true,  modifi- 
cations of  the  radial  type  in  certain  aberrant  forms  of  the  gi-oup,  which 
tend  towards  a  bi-lateral  symmetry;  but  these  are  comparatively  rare 
exceptions,  which  it  is  only  necessary  here  to  mention.  It  is  not  only 
in  their  radial  symmetry,  however,  that  the  animals  of  this  division  are 
conformable  to  the  type  of  the  higher  portion  of  the  Vegetable  kingdom; 
for  tliis  conformity  is  equally  shown  by  a  large  proportion  of  the  gi'oup, 
in  the  development  of  composite  structures  by  gemmation.  From  a 
single  polype,  as  from  a  single  leaf-bud,  an  arborescent  structure  may  be 
evolved,  bearing  hundreds  or  even  thousands  of  polyjDe-bodies,  all  origi- 
nating from  the  first,  and  maintaining  an  intimate  organic  connection 
with  each  other;  thus  bearing  a  close  physiological  resemblance  to  a 
tree,  and  requiring  to  be  considered  (like  it)  as  a  single  individual, 
although  its  several  members  have  no  relation  of  mutual  interdependence, 
and  can  maintain  a  separate  existence  if  detached.  It  is  not  to  be  won- 
dered at,  then,  that  the  older  Naturalists,  who  were  only  acquainted 
with  the  skeletons  of  Zoophytes,  should  have  considered  them  as  vege- 
table stiTictures,  and  that  many  of  them  should  even  now  be  popularly 
regarded  in  that  light;  whilst  even  the  movements  exhibited  by  the  living 
polypes,  not  being  ajJioarently  very  different  in  nature  from  those  per- 
formed by  the  Sensitive-Plant,  or  the  Venus's  Fly-trap,  did  not  seem 
sufficient  to  establish  their  animal  natui-e.  This  extension  of  the  original 
fabric  by  gemmation  may  take  place  among  Zoophytes  to  an  indefinite 
extent ;  and  the  mode  in  which  it  occurs  is  the  chief  determining  cause 
of  the  particular  type  or  plan  of  growth  which  is  traceable  in  each 
species,  but  which  is  liable  to  great  variation  fr'om  the  influence  of 
external  conditions.  In  nearly  all  the  members  of  the  class  of  Acelephce, 
it  seems  to  take  place  at  some  period  of  life  or  other;  for  although  we 
find  few  traces  of  it  in  the  fully  developed  Medusce,  yet  (as  will  be  shown 
hereafter,  chap,  xi.)  multiplication  by  gemmation  takes  place  to  an 
extraordinary  extent  during  the  early  stages  of  their  existence;  and  in 
some  of  the  lower  forms  of  the  group,  especially  those  which  closely 
approximate  to  the  Zoophytic  type,  it  continues  during  the  whole  of 
life,  and  gives  rise  to  those  composite  fabrics  of  the  Cirrhigrade  and 
Physograde  orders,  which,  until  the  recent  discovery  of  their  true  cha- 
racter, have  been  a  soiu'ce  of  so  much  perplexity  to  Naturalists.  In  the 
class  Bchinodermata,  multiplication  by  gemmation  very  seldom  takes 
place;  but  its  members  retain  throughout  their  lives  an  extraordinary 
measure  of  that  power  of  reproducing  lost  parts,  of  which  the  production 
of  an  entire  organism  by  gemmation  is  only  a  higher  manifestation.  _ 

37.  The  low  development  of  the  proper  Animal  powers  in  Radiated 
animals,  as  compared  with  their  Yegetative  activity,  is  one  of  the  most 
remarkable  features  of  the  group  taken  as  a  whole;  nor  axe  there  ai-e 
any  exceptions  to  this  general  character.  In  none  of  the  true  Zoojihytes 
is  the  nervous  system  differentiated  from  that  general  fibro-gelatmous 
tissue  of  which  the  entire  bodies  are  composed;  every  pai-t  seems  more 
or  less  impressionable  and  contractile,  althoxigh  these  attributes  ai-e  most 
strongly  displayed  in  the  oral  tentacula;  and  there  is  no  evidence  that 
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the  responclence  to  external  impressions  wlucli  is  probably  the  source  of 
!n  tS  moyements,  proceeds  from  any  distinct  consciousness  of  these 
ilTesir  It  is  i^n  the  Accdeplu^,  that  the  first  traces  present  them- 
sXrS  X  nervous  system,  and  of  organs  pecuHarly  fitted  to  receive  sen- 
orv  mpiiSnTb^^^  is  probable  that  a  large  part  of  the  movements 
SecutTbTeven  these  animals,  are  not  dependent  upon  any  influence 
t  JmsiStted  thiwgh  this  apparatus.  In  the  Eclvinodermata,  whose  organs 
tiansmittea  tmou  fi  development,  the  nervous  system 

oTand  the  distinctioUetween  nerve-cords  and 

"Jgl  out  centres,  which  has  not  yet  been  ^^^^^  ^t^"^^''"^  .:^^^^ 
Acaleph*,  may  be  unmistakeably  affirmed  to  exist.  There  are  also  radi- 
ants of  eyes  in  certain  members  of  this  class;  and  there  is  some  evidence 
E  their  movements  a^e  dii'ected  by  visual  impressions  received  through 

these  organs.  , 

38.  Between  the  lowest  and 
the  highest   members  of  the 
Kadiated  series,  there  is  a  very 
marked  contrast  in  regard  to  the 
difierentiation  of  the  principal 
organs  of  Vegetative  life;  but  a' 
number  of  intermediate  grada- 
tions present  themselves,  which 
establish  a  tolerably  complete 
transition  from  the  one  condi- 
tion to  the  other. — Commencing 
with  the  Hydra  (Fig.  34),  we 
find  the  digestive  apparatus  re- 
duced to  a  state  of  the  greatest 
simplicity,  the  whole  body  seem- 
ing to  be  notliing  else  than  a 
stomach,  with  a  circle  of  pre- 
hensile tentacula  around  its  ori- 
fice, which,  being  single,  and 
sei-ving  alike  for  the  reception 
of  food  and  for  the  ejection  of 
its  indigestible  portions,  must  be 
considered  as  representing  in 
itself  the  cardiac  and  pyloric 
orifices   of   the    stomachs  of 
higher  animals.     The  wall  of 
this  cavity  and  the  general  in- 
tegument of  the  body  are  so 
closely  connected  together,  as  to 
seem  like  two  layers  of  one  and        _g- ^„         „^  b^^^  Fresh-water  Polype. 

the  same  membrane:  there  are,    attached  to  a  piece  of  stick,  witli  its  arms  extended, 
1  as  in  search  of  prey;  a,  the  mouth  surrounded  by 


,  1  '  as  in  search  of  prey;  a,  tue  moum  surrounaea  oy 

however,   some    lacunar    spaces  tentacula;  J,  foot  or  base,  with  its  suctorial  disk  :  at  b 

between  them,  constituting  the  is  seen  a  portion  of  one  of  the  arms  near  its  origin,  and 

.  •         p    ^        ,  ,  at  0  another  portion  near  its  termination,  more  highly 

first  mdication  oi  that  '  general  magnified, 
cavity  of  the  body'  which  exists 

in  almost  every  other  animal,  and  which  performs,  as  we  shall  see, 
very  important   functions ;  and  these  lacunar  spaces  communicate 
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Fig.  35. 


with  simiLor  cavities  in  the  interior  of  the  tentacula.     There  does 
not  yet  appear  to  be  any  decided  structural  or  functional  differeutiation 
between  the  layer  which  lines  the  stomach  and  that  which  clothes  the 
body;  since  each  can  perform  all  the  offices  of  the  other,  as  is  shown 
by  the  result  of  Trembley's  well-known  experiment.    No  circulating 
apparatus  is  yet  distinguishable,  the  nutritive  liquid,  wliich  is  the  pro- 
duct of  the  digestive  operation,  being  at  once  absorbed  from  the  parietes 
of  the  stomach  into  the  general  substance  of  the  body  and  arms;  nor  is 
there  any  special  respiratory  or  secretory  apparatus.    Even  the  gene- 
rative organs,  which  are  usually  the  first  to  be  difierentiated  from  the  rest 
of  the  fabric,  cannot  here  be  distinguished;  for  ovules  and  sperm-cells  are 
evolved  in  the  substance  of  the  ordinary  tissue;  and  the  only  indication 
of  their  specialization  is  afforded  by  the  restriction  of  their  production 
to  particular  situations,  the  sperm-cells  tisually  making  their  appearance 
just  beneath  the  arms,  whilst  the  ovules  protrude  nearer  the  foot.  The 
liomogeneousness  of  the  entire  body,  however,  is  most  remarkably  evinced 
in  the  facts,  that  gemmce  which  develope  themselves  into  new  Hydrse 
sprout  almost  indifferently  from  any  part  of  it,  and  that  a  miaute  frag- 
ment from  any  region  will 
(xmder    favourable  circum- 
stances) x'egenerate  the  whole. 
In  the  composite  fabrics  which 
are  formed  after  the  Hydra- 
form  type  (Fig.  99),  the  conso- 
lidation of  the  external  in- 
tegument necessitates  several 
other  changes ;  amongst  the 
rest,  the  evolution  of  a  special 
reproductive  apparatiis,  and 
the  separation  (within  the 
polype-cells)  of  the  wall  of 
the  stomach  from  the  external 
integument,  so  as  to  com- 
mence the  formation  of  the 
'general  cavity  of  the  body.' 
This,  however,  is  carried  much 
further  in  the  Actinia  (Fig. 
35),  and  in  all  the  Polypes 
formed  upon  its  type ;  for  in 
these  we  find  the  stomach 
suspended  (as  it  were)  in  a 
large  space,  which  is  subdi- 
vided by  radiating  partitions; 
and  it  is  in  the  chambers  thus  formed  (which  are  prolonged  into  the  interior 
of  the  tentacula)  that  the  generative  apparatus  is  situated.    Very  distinct 
organs  for  the  production  of  sperm-cells  or  of  ova  are  here  evolved ;  these 
organs  (according  to  late  researches,  chap,  xi.,)  not  being  combined  in  the 
same  individuals.  There  is  still  a  direct  connection  between  the  interior  of 
the  digestive  sac  and  the  general  cavity  of  the  body,  by  an  aperture  at 
the  bottom  of  the  former;  and  thi'ough  this,  the  nutritive  products  of 
digestion  find  their  way  into  the  suiTOunding  cavity,  minded  mth  the 


Diagranrmatic  section  of  Actinia,  showing  its  interna 
structure ; — a,  a,  base  or  foot ;  h,  b,  oral  disk  ;  e,  c,  tenta- 
cula ;  cl,  mouth;  e,  stomach;  g,g,  k,  k,  vertical  partitions 
cut  across  in  different  directions ;  g',  g',  apertures  in  these; 
Ji,  passages  opening  into  the  tentacula ;  I,  I,  testes  or 
ovaria :  on,  m,  flliferous  filaments. 


mingled  with. 
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water  which  is  introduced  thimigh  the  mouth.    This  is  the  only  mode  m 
which  the  tissues  axe  noimshed,  as  there  is  not  yet  any  special  circulatmg 
r^naratus-  and  in  like  manner,  it  is  only  by  the  expulsion  of  the  fluid 
S  has  i-em'ined  for  some  time  in  the  general  cavity,  that  the  excre- 
tory products  which  have  found  their  way  into  it  from  the  tissues,  can  be 
carried  out  of  the  body,  in  those  species  which  have  no  orifices  at  the 
extremities  of  the  tentacula.    Thus  the  very  same  hquid  answers  aU  the 
piu-poses,  in  these  simply-formed  animals,  which  are  served  m  Yertebrata 
by  chyme,  chyle,  arterial  blood,  and  venous  blood;  and  it  also  serves  as 
a  medium  for  respii-ation,  the  external  integ-ument  being  usually  so 
thickened  and  hardened,  that  the  amount  of  aeration  of  the  interstitial 
fluids  which  takes  place  through  it  must  be  extremely  limited,  m  com- 
parison mth  that  which  wUl  be  carried  on  through  the  delicate  mem- 
branes clothing  the  internal  surfaces.    Thus,  with  some  very  important 
points  of  diff'erentiation,  the  general  type  of  these  animals  remam.s 
extremely  low;  and  their  power  of  multiplying  by  gemmation,  and  of 
reproducing  lost  parts,  in  which  they  are  only  inferior  to  the  Hydra,  is 
what  we  might  anticipate  from  their  general  homogeneousness.    In  the 
composite  Actmiform  Zoophytes,  a  certain  degree  of  connection  remains 
between  the  general  cavities  of  the  Polypes  which  have  budded-ofi"  one 
from  another;  but  this  connection  is  more  ultimate  in  the  Alcyonian 
Zoophytes  (Fig.  100),  among  which  the  'general  cavity'  extends  through- 
out the  polypidom,  forming  a  branching  system  of  canals  which  strongly 
resembles  that  of  Sponges.    In  fact,  when  we  compare  the  two  organisms, 
we  can  scarcely  fail  to  perceive  that  the  Alcyonium  is  essentially  a  Sponge 
of  which  certain  parts  have  been  difierentiated  from  the  rest,  and  evolved 
into  special  organs.  And  this  .view  is  confixmed  by  the  circumstance,  that 
when  a  bud  is  put  forth  from  one  of  those  polypidoms,  it  has  all  the  ordi- 
naiy  characters  of  a  Sponge,  except  that  its  canals  do  not  open  upon  the 
external  surface  (Fig.  9 1) ;  the  formation  of  a  polype-mouth  and  stomach 
not  taking  place  until  a  later  period. 

39.  The  lower  forms  of  the  class  of  Acalephce,  carry  us  back  to  the 
gi-ade  of  development  proper  to  the  composite  Hydraform  Zoophytes.  But 
in  the  higher,  such  as  the  ordinary  Medusa  (Fig.  36),  there  is  a  far  less 
amount  of  repetition  of  similar  parts,  the  gemmte  detaching  themselves 
from  each  other  at  an  early  stage  of  development,  and  subsequently 
maintaining  an  entirely  independent  existence.  There  cannot  be  here 
said,  any  more  than  in  the  Hydra,  to  be  any  '  general  cavity for  the 
space  between  the  walls  of  the  digestive  sac  and  of  the  ovarial  chambers 
which  surround  it,  and  the  external  integument,  is  occupied  by  homo- 
geneous solid  tissue.  But  a  series  of  gastro-vascular  canals,  commencing 
from  the  stomach,  radiates  towards  the  margin  of  the  disc ;  and  these 
serve  the  double  purpose  of  conveying  the  nutritive  product  of  the  diges- 
tive operation  to  the  remoter  parts  of  the  body  for  the  supply  of  their 
wants,  and  of  subjecting  it  to  the  aerating  influence  of  the  surrounding 
medium.  In  its  return  to  the  centre,  the  fluid  will  of  course  carry  back 
with  it  whatever  excretory  products  it  may  have  received  from  the  tissues 
through  which  it  has  passed;  and  thus,  like  fluid  of  the  stomach  and 
general  cavity  of  the  Actinia,  it  answers  to  the  chyme,  chyle,  arterial 
blood,  and  venous  blood,  of  Vertebrated  animals.  In  the  Beroe  (Fig.  102), 
and  certain  allied  forms,  the  digestive  cavity  has  an  anal  as  well  as  an  oral 
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orifice;  and  there  also  appears  reason  to  think,  that  in  its  system  of  gastro- 
vascular  canals  a  difference  already  exists  between  the  afferent  and  efferent 
tubes,  the  fluid  passing  forth  from  the  stomach  by  one  set,  and  returning 
to  it  by  the  other.  The  generative  apparatus  in  this  class  always  exhibits 

Fio.  36. 


structure  of  CyaruBa  av/rita. — Disk  seen  from  above,  shomng  the  quadrilateral  mouth  a, 
the  four  ovaries  bhhh,  the  four  orifices  of  the  ovarian  chambers  cc  ec,  the  stomach  dddd,  and 
its  radiating  prolongations,  the  eight  anal  [?]  orifices  e  e,  See.,  and  the  eight  ooeUi  [?]//,  &e. 

a  very  well-marked  differentiation;  its  type  being  in  many  respects 
higher  than  that  of  the  true  Zoophytes.  For  in  the  Medusa,  the  four  ovaries 
or  testes  {b,  b)  are  lodged  in  cavities  round  the  mouth,  each  of  which  has 
its  own  proper  outlet  (c,  c),  so  that  the  mouth  is  no  longer  (as  it  is  in  those 
species  of  Actinia  the  extremities  of  whose  tentacula  are  closed)  the  only 
channel  for  the  escape  of  the  fertilized  ova  or  of  the  rudimentaiy  young. 
The  sexes  are  here  distinct,  the  ova  and  testes  not  being  combined 
in  the  same  bodies :  and  this  is  true  also  of  many  of  the  composite  forms, 
which  develope  medusa-like  buds  containing  sexual  organs,  each  indi- 
vidual producing  buds  of  only  one  sex,  as  in  dioecious  plants ;  in  others, 
however,  male  and  female  medusa-buds  are  developed  on  the  same  stock, 
as  in  monoecious  plants,  although  in  no  case  are  the  two  sets  of  genera- 
tive organs  combined  in  the  same  medusoid  body. 

40.  In  the  class  Echhiodermata,  the  Asterias  (Fig.  37)  holds  by  no 
means  an  elevated  rank;  yet  we  find  in  it  a  very  marked  advance 
upon  either  of  the  types  previously  described.  The  stomach  with  its 
single  orifice,  suspended  in  the  midst  of  the  '  general  cavity  of  the  body,' 
reminds  us  of  that  of  Actinia ;  but  it  is  entirely  cut  off  from  that  cavity, 
which  consequently  remains  closed.  The  nutritive  products  of  digestion 
probably  find  their  way  into  it,  however,  by  transudation  through  the 
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walls  of  the  stomacli;  and  it  is  tlience  taken  up  by  a  regular  system 
vessels;  the  distribution  of  which,  however,  is  very  hmited,  so  that  the 


Fig.  37. 


Asferias  amamtiaca,  with  the  upper  side  of  the  hard  envelope  removed  -.—a,  central  stomach ; 
b  cceca  upon  its  upper  surface  (salivaiy  glands  ?)  ;  e  c,  ctecal prolongations  of  the  stomach  into 
rays  ;e',  the  same  empty ;  d,  the  same  laid  open;  e,  the  under  ami'ace,  seen  from  withm  after 
the  removal  of  the  caeca,  ahowiug  the  vesicles  of  the  tubular  cirrhi;  /,  the  same  in  a  contracted 
state,  showing  the  skeleton  between  them. 

fluid  of  the  general  cavity  seems  still  to  take  the  largest  share  in  the 
nutritive  operation.  It  is  interesting  to  remark,  that  in  this  class  we 
already  meet  Avith  a  differentiation,  however  imperfect,  not  only  between 
the  fluid  of  the  gastric  cavity,  or  chyme,  and  that  of  the  surrounding 
visceral  cavity,  or  chylaqueous  jhdd^*  but  also  between  the  latter  and  the 

*  The  term  chylaqueous  fluid,  introduced  by  Dr.  T.  Willianis,  appears  to  tlie  Author  to 
be  well  adapted  to  designate  the  fluid  of  the  'general  cavity,'  when  (as  in  Echiuodermata 
and  Annelida)  this  is  distinct  alike  from  that  of  the  digestive  sac,  and  from  that  of  the 
proper  circulating  system.  It  is  far  more  extensively  employed,  however,  by  Dr.  "Williams 
in  his  ingenious  Memoir  '  On  the  Blood  proper  and  Chylaqueous  Fluid  of  Invertebrated 
Animals,'  in  the  "  Philos.  Transactions,"  1852;  being  there  applied  to  the  immediate 
product  of  gastric  digestion  which  passes  directly  into  the  '  general  cavity'  of  the  Actini- 
form  and  Alcyonian  Zoophytes,  and  even  to  that  which  is  confined  within  the  stomach  and 
gastro-vascular  canals  of  Meduste. 


48  GENERAL  PLAN  OP  ORGANIC  STRUCTURE  AND  DEVELOPMENT. 


hlood  contained  witliin  the  proper  circulating  system.  A  special  pro- 
vision appears  to  be  made  for  respiration  in  these  animals,  by  the  trans- 
mission of  the  '  fluid  of  the  general  cavity'  into  a  multitude  of  shoi-t 
delicate  caecal  tubes,  which  pass  between,  the  pieces  of  the  calcareous 


Fio.  38. 


Comattila  rosacea. 

framework  and  project  externally  in  little  tufts,  and  which  are  lined  with 
cilia  that  keep  up  a  constant  movement  in  their  contents.    And  there  are 

various  secretory  or- 
Fia.  39.  gans  possessing  a  dis- 

tinct glandular  charac- 
ter, whose  special  uses 
are  not  yet  certainly 
known.  The  genera- 
tive apparatus  here 
attains  a  high  develop- 
ment, the  ovaries  and 
testes  (as  in  the  higher 
Acalephse)  being  no 
longer  combined  in  the 
same  individuals,  and 
having  separate  orifices 
for  the  discharge  of 
their  products ;  it  is  in- 
teresting to  remark,  however,  that  in  Gomatula  (Fig.  38),  whose  digestive 
apparatus  is  framed  upon  a  higher  type  than  that  of  Asterias,  the  ovaries 
are  dispersed  in  isolated  spots  through  the  integument  of  the  ai-ms.^  The 
Star-fish  exHbits  a  series  of  elaborate  provisions  for  locomotion  m  tlie 
beautiful  articidation  of  the  plates  of  the  calcareous  skeleton,  m  the  con- 
tractility of  the  general  integument  of  the  body,  by  which  its  lobes 
(misnanied  'arms')  are  moved  in  various  dii^ections,  and  m  the  multipli- 


Bchinus  mammillatus. 
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cation  of  tubular 
drrJd  furnished 
■with  suckers,  by 
the  contraction  of 
which,  when  the 
suckers  (forced 
out  by  the  injec- 
tion of  fluid  into 
the   cin-hi  from 
the  'general  ca- 
vity') have  taken 
an  attacliment, 
the  body  is  di'awn 
towards  the  points 
to    which  they 
have  adhered. — 
The  chief  feature 
of  advance  in  the 
Ecldnus  (Fig.  39) 
is  the  conversion 
of  the  digestive 
sac  with  a  single 
oiifice,   into  an 
alimentary  canal 
with  a  separate 
mouth  and  anus ; 
and  around  the 
mouth  we  find  a 
very  elaborate 
dental  apparatus, 
fm'nished  with 
distinct  muscles, 
such  as  do  not 
make   their  ap- 
pearance in  any 
lower  forms  of  or- 
ganisation. The 
locomotive  appa- 
ratus, too,  is  still 
more  highly  de- 
veloped ;  for  the 
body  being  now 
enclosed  in  an  im- 
movable case,  so 
that  its  parts  are 
not  themselves 
capable   of  flex- 
ure, a  new  set  of 
instruments  is 
evolved,  namely, 
— ^the  calcareous 


Fio.  40. 


Anatomy  ot  Holothuriatuhulosa ; — a,  anus;  b,  mouth,  surrounded  by  20 
tentacula ;  c,  cloaca,  siu-rounded  by  muscular  dilators  e';  i,  intestinal  tube ; 
m,  mesentery  ;  ml,  ml,  longitudinal  muscles  ;  mt,  transverse  muscles  lining 
the  entire  inner  surface  of  the  integument ;  o,  ovary ;  ap,  ocecal  appen- 
dages, probably  seminiferous  j  p,  contractile  vesicle,  probably  a  heart ;  r,  r, 
respiratory  apparatus,  originating  in  the  cloaca;  t,  oral  tentaciUa ;  t',  CKcal 
reservoirs ;  va,  annular  vessel  surroundinfj  the  mouth  and  supplying  the  ten- 
tacula ;  ve,  external  intestinal  vessel,  giving  off  a  large  anastomotic  branch 
va'  which  enters  another  part  of  the  same  trunk ;  vi,  internal  intestinal 
vessel,  with  contractOe  dilatations ;  vl,  longitudinal  tegumentary  vessel, 
giving  off  transverse  branches  vl',  seen  by  removing  the  longitudinal 
muscles ;  vm,  mesenteric  vessels,  connecting  the  branches  of  the  external 
intestinal  vessel  with  those  of  the  respiratory  system  of  vessels,  w. 

E 
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fipines,  wHcli  project  from  the  surface,  and  are  put  in  motion  by  the 
contractile  integument,  vipon  the  ball-and-socket  joints  at  their  base. 
— The  Uolothuria  presents  us  with  certain  interesting  featm-es  of  more 
complete  differentiation,  without,  however,  any  very  decided  advance 
upon  the  type  of  the  Echinus.  The  absence  of  a  solid  'test'  enables 
its  movements  to  be  performed  by  the  flexure  of  the  body  genei-ally; 
and  for  this  a  regular  series  of  longitudinal  and  transverse  muscular 
bands  (Fig.  40,  m  I,  m  i,)  is  provided,  reminding  us  of  those  of  the 
Worm-tribe.  The  alimentary  canal  (i)  does  not  yet  present  any  distinc- 
tion of  parts  into  oesophagus,  stomach,  or  intestine,  but  remains  of 
nearly  the  same  diameter  tliroughout  its  length;  it  is  held  in  its  place 
in  the  midst  of  the  general  cavity  of  the  body,  however,  by  a  regular 
mesentery,  upon  which  the  blood-vessels  are  minutely  distributed.  The 
circulating  system  is  more  complete  than  among  other  members  of  this 
class,  especially  in  its  peripheral  portion;  and  it  is  furnished  with  a 
pulsatile  vesicle  (p),  whose  contractions  assist  the  onward  movements  of 
their  fluid.  For  respiration  there  are  two  special  provisions ;  the  fluid  of 
the  circulatory  vessels  being  aerated  by  transmission  to  the  branching 
oral  tentacula  [t) ;  whilst  that  of  the  '  general  cavity'  receives  the  same  in- 
fluence from  the  water  introduced  throvigh  the  respu-atory  tree  (?-,  r).  The 
restriction  of  the  outlet  of  the  genital  apparatus  (o)  to  a  single  aperture 
(the  five  equal  and  separate  portions  of  tliis  apparatus  iu  the  Echinus  and 
Asterias  having  each  its  own  outlet)  is  a  very  decided  character  of 
elevation ;  which  seems  to  have  been  presented  also  by  the  extinct  group 
of  Cystidea  (Fig.  81),  notwithstanding  that  in  the  attachment  of  these 
animals  by  a  stalk  to  a  fixed  basis,  they  (in  common  with  the  Criuoidea) 
showed  a  decidedly  zoophytic  tendency. 

41.  The  Molluscous  sub-kingdom,  like  the  Radiated,  is  remarkable  for 
the  high  development  of  its  apparatus  of  vegetative  life  in  comparison 
with  that  of  anmial  life ;  but  its  type  of  conformation  is  altogether  dif- 
ferent. It  is  true  that,  in  the  lowest  group  of  this  series,  there  is  such  a 
close  apparent  conformity  to  the  Zoophytic  type,  that  the  animals  belong- 
ing to  it  were,  untU  recently,  unhesitatiagly  ranked  under  that  designa- 
tion. But  it  is  now  perceived  that  the  resemblance  is  only  superficial ; 
being  dependent,  in  part  upon  the  mode  in  which  these  animals  extend 
themselves  by  gemmation,  so  as  to  form  arborescent  structures  veiy  ana- 
logous to  those  of  trae  Zoophytes;  and  being  partly  caused  by  the  state 
of  degradation  to  which  various  organs  are  reduced,  whereby  their  true 
type  is  obsciu-ed.— Taking  it  as  a  whole,  the  Molluscous  series  is  charac- 
terized rather  by  the  absence,  than  by  the  presence,  of  any  defimte  or 
symmetrical  form.  In  the  Zoophytoid  MoUusks,  it  is  true,  we  are 
reminded  of  the  radiated  type  by  the  circular  arrangement  of  organs 
around  the  mouth  (Fig.  49,  a);  whdst  in  the  family  of  we 
meet  with  a  division  of  the  external  skeleton  into  segments  (iig.  41), 
which  reminds  us  of  the  articulated  type.  But  these  are  pecuhar  excep- 
tions; and  a  MoUuscous  animal  is  essentially  a  bag  of  viscera,  enveloped 
in  a  skin  which  is  tliickened  in  parts  by  muscidar  fibres  that  ai-e  not 
arranged  after  any  constant  plan.  In  the  'archetype  Mollusk,  the  mouth 
and  anus  are  situated  at  the  two  extremities  of  the  sac;  and  the  various 
organs  are  cUsposed  symmetrically  on  the  two  sides  of  a  longitudinal 
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Fig.  41. 


median  plane,  just  as  in  a  Vertebrate  or  Articulate  embryo;  the 
centres  or  principal  trunks  of  the 
circulating  apparatus  being  on  tbe 
dorsal  aspect  (which  may  hence  be 
termed  the  '  haemal'),  wMlst  the  prin- 
cipal centres  and  trunks  of  the  ner- 
vous system  are  on  the  ventral  aspect 
(whichmay hence  be  termed  'neural'.) 
But  this  simple  and  symmetrical 
ai-rangement  is  very  commonly  obs- 
cured by  subsequent  inequalities  in 
the  development  of  particular  regions, 
so  that  an  entire  change  takes  place 
in  the  relative  position  of  the  dif- 
ferent organs,  and  the  types  of  con- 
formation thus  evolved  seem  to 
have  little  or  no  aflfinity  to  one 
another.*  —  The  nearest  approach 
to  the  archetype  is  presented  on  the 
whole  by  those  of  the  Tunicata, 

in  which  the  two  orifices  retain  their  original  positions  at  the  poles 
of  the  body  (Fig.  42) ;  and  their  chief  peciiliarities  consist,  in  the 
first  place,  in  the  enormous  development  of  their  pharynx  to  form  the 

Fig.  42. 


A,  Chitonellus.—B,  Chiton. 


-  1 


Salpa  maxima;  a,  oral  orifice ;  J,  vent;  c,'nucleuB,  composed  of  the  stomach,  liver,  &c. ;  d, 
branchial  lamina ;  e,  the  heart,  from  which  proeeeda  the  longitudinal  trunk/,  sending  trans- 
verse branches  across  the  body ;  g,  g,  projecting  parts  of  the  external  tunic,  serving  to  umte 
the  different  individuals  into  a  chain,  j 

branchial  sac,  and  secondly,  in  the  inversion  of  their  integument 
around  the  anal  orifice,  so  as  to  form  an  immense  cloacal  cavity,  the 
wall  of  which  extends  so  far  into  the  interior,  and  so  completely 
envelopes  the  general  mass  of  the  body,  as  to  constitute  what  is  known 
as  their  '  inner  tunic.'t — ^In  the  Bivalve  Mollusks,  on  the  other  hand,  the 
principal  extension  of  the  integument  takes  place  externally ;  a  dxiplica- 
ture  of  the  thickened  glandular  skin  of  the  '  dorsal'  or  '  haemal'  region 

*  See  Mr.  Huxley's  admirable  Memoir  '  On  the  Morphology  of  the  Cephalous  MoUusca,' 
in  the  "  Philos.  Transact.  1852." 

t  Such  is  Mr.  Huxley's  very  ingenious  account  of  the  production  of  this  tunic,  as  given 
in  his  "  B.eport  on  the  Tunicata"  to  the  British  Association,  1852.  See  also  his  Memou's 
'  On  the  Anatomy  of  Salpa  and  Pyroaoma,'  and  his  '  Remarks  upon  Appendicularia  and 
Doliolum,'  in  the  "  Philos.  Transact."  for  1851. 
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(here  termed  the  tncmtle)  being  prolonged  on  either  side  into  two  lobes, 
which  enwi-ap  tlie  body  like  a  cloak,  and  form  the  valves  of  the  shell  upon 
theii-  outer  surface  (Fig.  43).    Again,  a  special  development  of  muscular 

Fis,  43. 


Dorsal  Margin. 


Ventral  Margin. 

AmAomj  oi  Mactra ; — o,  anus;  h,  posterior  muscle ;  e,  branchial  ganglion;  d,  ovary;  e,  t, 
intestine  ;  f,  shell ;  g,  nervous  cord,  connecting  oesophageal  and  branenial  ganglia ;  h,  stomach ; 
i,  heart ;  k,  liver ;  I,  anterior  or  oesophageal  gangha ;  m,  anterior  adductor  muscle ;  n,  nervous 
filaments ;  o,  mouth  ;  p,  one  of  the  oral  tentacula ;  q  x,  mantle ;  r,  margin  of  the  shell ;  a,  foot; 
w,  branchial  lamellffi ;  y,  oral  siphon ;  z,  anal  siphon. 

tissue  in  the  integument  of  the  '  ventral'  or  '  neural'  region  constitutes 
the  '  foot'  of  those  Lamellibranchiata  which  possess  such  an  organ. — In 
the  Gasteropoda  this  foot  assumes  the  form  of  an  expanded  disk  (Fig. 
44,  a),  upon  which  the  animal  can  crawl ;  the  two  extensions  of  the 
upper  part  of  the  integument  are  wanting;  but  the  form  of  the  body 
itself  is  entirely  altered  by  the  extraordinary  and  commonly  vmsymme- 
trical  development  of  the  hindmost  portion  of  the  hjemal  region  into  a 
'  post-abdomen,'  which  contains  the  heart  and  a  considerable  pai-t  of  the 
alimentary  canal,  and  from  the  mantle  of  which  a  shell  (Fig.  45)  is  veiy 
frequently  produced.  In  the  pulmonated  Gasteropods  (Fig.  124),  however, 
the  development  takes  place  before  instead  of  behind  the  anus ;  so  that  an 
'  abdomen'  is  formed  instead  of  a  post-abdomen. — This  is  also  the  case  in  the 
Pteropoda,  in  which  the  '  foot'  proper  is  but  little  developed,  whilst  two 
lateral  expansions  {ejnjyodia)  sent  off  from  it  constitute  the  wing-like 
appendages  (Fig.  46)  from  which  the  group  receives  its  designation. — 
Finally  m  the  Ceiyludopoda,  the  abdomen  is  so  peculiarly  developed  that 
the  alimentary  canal  is  quite  doubled  upon  itself,  so  as  to  bring  the  anus 
into  immediate  proximity  with  the  mouth  (as  happens  also  in  the 
Bryozoa  at  the  opposite  extremity  of  the  series);  the  margins  of  the  foot 
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„  prolougea  into  tKose  P— fSX^^^it' 
'ai-ms;'  and  tlio  posterior  epipodiai  iooes,  uy 

Fig.  44. 


I  proboscis  ■  g,  q<  oesophagus ;  r,  stomach ;  s,  s',  s",  mtestme,  lying  at  t  within  the  brancmm 
?a^[y  •        cep^aUc  gangbl ;  'p,  v,  salivary  glands  ;  x,  the  principal  muscular  nerve. 

fanner  that  serves  for  the  discharge  of  the  respiratory  current  and  of 
the  matters  ejected  from  the  intestine.— Thus  each  of  the  subordinate 
types  that  we  recognize  in  theMoUuscous  series,  presents  us  with  its  own 

Fig.  45. 


Sheila  of  Qasteropod,  Molluaks -.—n.,  Achatina;— n,  Sigaretus ;— c.  Vermetiis ;— b,  Sctaaria. 


Si         GENEKAL  OF  OEGAI^IC  STRUCTURE  AND  DEVELOPMENT. 

£i.^n''''w  ^-om  the  general  'Archetype;'  and 

tJieie  IS  no  real  transition  from  the  one  to  the  other.* 


Fio.  47. 


Existing  forms  of  Pferopode.—A,  Hyalaea ;  b,  Criseis  ;  o,  Clio 


Sepia  officinalis,  or  Cuttle-fish. 


42.  Turning  now  to  the  internal  organization  of  the  animals  of  the 
Molluscous  sub-kingdom,  we  find  that  the  alimentary  canal  almost  in- 
variably presents  a  distinct  separation  between  the  oesophagus,  the  stomach, 
and  the  intestinal  tube ;  this  separation  being  as  obvious  in  the  zoophytoid 
Laguncula  (Fig.  49),  as  in  the  Gasteropod  Aplysia  (Fig.  50).  The  mouth, 
or  entrance  to  the  oesophagus,  is  not  situated,  in  the  lower  MoUusca,  on  a 
prominent  part  of  the  body,  nor  is  it  surrounded  by  organs  of  special 

*  "Wlien  [it]  was  first  discovered  that  the  embryo-forms  of  Gasteropods  (Fig.  48)  possess 

a  pair  of  ciliated  lobes  corre- 
FiG.  48.  spending  in  general  position  with 

those  of  Pteropods,  the  notion 
was  entertained  by  many,  that 
the  animals  of  the  latter  group 
must  be  considered  in  the  light 
of  permanent  embryoes  of  the 
former :  this,  however,  is  incon- 
sistent with  the  fact  pointed  out 
by  Mr.  Huxley,  that  the  ciliated 
lobes  of  the  embryo  Gasteropoda 
are  homologous  with  the  anterior 
portion  of  the  epipodium,  whilst 
it  is  the  middle  portion  alone 
which  is  developed  into  the  'ate' 
of  Pteropods  ;  and  that  a  more 
fundamental  distinction  lies  in 
the  development  of  an  '  abdo- 
men' in  Pteropods,  whilst  it  is  a 
'post-abdomen'  which  is  deve- 
loped in  Gasteropods. 


Embryoes  of  Nadilranchiate  Gasteropods 
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and  hence  these  are  distingvushed  as  acephalous. 
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higher 


sense,  -  . 
classes,  however,  it  is  situ- 
ated on  a  head,  which  pro- 
jects from  the  trunk,  and 
wliich  is  usually  tonished 
with  well-developed  eyes, 
and  >vith  rudimentary  or- 
gans of  smell  and  hearing. 
In  the  lower  Mollnsca, 
again,  there  is  a  want  of 
any  prehensile  or  reducing 
apparatus,  the  food-particles 
being  drawn-in  by  ciliary 
currents,  which   are  also 
subservient  to  the  resj)ira- 
tory  function;  but  in  the 
higher,  the  mouth  is  fur-  • 
nished  with  a  complex  ap- 
paratus for  the  reduction 
of  soUd  food  (Fig.  50,  a), 
and  prehensile  instruments 
are  added  in  the  Pteropods 
and  Cephalopods.  In  addi- 
tion to  this,  a  portion  of 
the  stomach  is  frequ.ently 
developed  into  a  gizzard- 
Hke  structiu-e,  with  very 
firm   walls,  adapted  still 
further  to  crush  and  com- 
minute the  food;  and  this 
is  found  in  many  Bryozoa, 
as  well  as  in  several  Gas- 
teropods  (Fig.  50,  i)  and 
in  Cephalopods  generally. 
The  liver  is  always  reco- 
gnizably present;  and  al- 
though in  the  Bryozoa  it 
consists  of   nothing  else 
than  an  assemblage  of  iso- 
lated follicles,  lodged  in 
the  walls  of  the  stomach 
(Fig.  49,  B,  li),  yet  as  we 
ascend  the  series,  we  find 
it  gradually  becoming  more 
and  more   detached  from 
that   organ;   and  in  the 
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higher  MoUusks  it  is  de- 


Zagmcula  repeng,  as  seen  in  its  expanded  state  at  a,  and  in 
its  contracted  state,  in  two  different  aspects,  at  B  and  c.  The 
same  references  answer  for  eachfigure o  a,  tentacula  clothed 
with  vibratile  ciUa;  i,  pharyngeal  cavity ;  c,  valve  seiparating 
this  cavity  from  d  the  oesophagus ;  e,  the  stomach,  with  /  its 
pyloric  valve,  and  g  the  circle  of  cilia  surroimding  that  orihce; 
h,  wall  of  the  stomach  with  biliary  follicles  ;  i,  the  intestine, 
containing  k  excrementitious  matter,  and  terminatmg  at  I, 
the  anus ;  m,  the  testicle ;  re,  the  ovary ;  o,  an  ovum  set  tree 
from  the  ovary ;  p,  openings  for  the  eaape  of  the  ova ;  q, 
spermatozoa  freely  moving  m  the  cavity  that  surrounds  the 
viscera ;  r,  retractor  muscle  of  the  angle  of  the  aperture  ot  the 
sheath ;  s,  retractor  of  the  sheath ;  t,  retractor  of  the  tenta- 
cular circle ;  tc,  retractor  of  the  ceaophagus ;  v,  retractor  of 
the  stomach;  w,  principal  extensor  muscle;  x,  transverse 
wrinMes  of  the  sheath;  y,  fibres  of  the  sheath,  themselves  pro- 
bably muscular  ;  z,  muscles  of  the  tentacula ;  a  (at  the  base  of 
the  tentacular  cu-cle  in  a)  nervous  or  oesophageal  ganghon ; 
/3,  stem.— D,  a  portion  of  the  tentacular  cfrcle  shown  separately 
on  a  larger  scale  ;  a  a,  the  tentacula  clothed  with  cilia :  b  h, 
their  internal  canals ;  c,  muscles  of  the  tentacula ;  d,  trans- 
verse muscles  forming  a  ring  at  the  base  of  the  tentacula ;  e, 
muscles  of  the  teutacidar  circle. 


veloped    into   a  compact 
viscus  (Fig.  50,  1, 1),  which 
frequently  bears  a  very  large  proportion  to  the  general  mass  of  the  body. 
As  we  ascend  from  the  lower  to  the  higher  parts  of  the  series,  moreover, 
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we  find  other  secreting  structures  connected  with  the  alimentary  canal, 
such  as  the  salivary  glands  and  pancreas,  presenting  themselves  in  a  more 


Fia.  50. 


Aplysia  laid  open,  to  show  the  arrangement  of  the  viscera  -.—a,  upper  part  of  the  oesophagus ; 
b,  penis;  c,  c.  salivary  glands;  d,  superior  or  cephaUc  ganglion;  e,  e,  inferior  or  suboesophageal 
ganglia;/,  entrance  of  the  cosophagus  into  g,g,  the  first  stomach  or  crop;  h,  the  third  or  true 
digestive  stomach  ;  i,  the  second  stomach  or  gizzard ;  k,  intestine ;  I,  I,  I,  Uver  ;  m,  posterior  or 
branchial  gangUon;  n,  aorta;  o,  hepatic  artery;  p,  ventricle  of  heart;  q,  anncle ;  r,  s,  bracchicB ; 
t,  testis ;  u,  lovrer  part  of  intestine ;  v,  ovary ;  w,  anus. 

and  more  specialized  condition ;  and  the  general  type  which  these  attain 
in  Cephalopods,  closely  approximates  to  that  under  wliich  we  find  them 
in  Fishes.    In  no  instance  does  the  alimentary  canal  possess  any  direct 
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•  w^+h  the  '  general  cavity  of  tlie  body,'  in  the  midst  of 

communication  with  J^^^  f  ™         ^med  with  certainty  that  a 

Z  tentacXand  stalk,  constitutesthe  sole  means  by  w^ch  t^e  Produ^^^ 
ofthedi-estive  operation  can  be  applied  to  the  nutrition  of  the  parts 
remol  from  the  alimentaxy  canal.    Where  a  distinct  vascular  system 
eSts  it  commimicates  freely  with  this  '  general  cavity  of  the  body ;  so 
thS  the  blood  in  one  part  of  its  circulation  is  freely  discharged  into  it. 
Inihe  higher  MoUusks  however,  the  viscera  themselves  occupy  so  large 
a  proportion  of  this  cavity,  that  the  remaining  space  m  greatly  re- 
Lced^i^  ske,  and  presents  /o  much  of  the  character  of  an  ordinaiy  venous 
sinus,  that  its  true  natui^e  has  not  been  until  recently  J^'^o^^^/d^Not- 
Avithstanding  this  very  important  feature  of  degradation,  we  find  the 
heart  or  central  impelling  organ  of  the  circulation  rapidly  becoming  more 
and  more  specialized  as  we  ascend  the  series.    No  trace  of  it  of  course  is 
to  be  found  in  the  Bryozoa;  in  the  Tunicaia  it  is  generaUy  but  little 
more  than  a  pulsatile  dilatation  of  one  of  the  principal  tninks  (Fig.  42,  e), 
thedii-ection  of  whose  action  is  not  definitely  settled ;  m  the  GoncUfera, 
we  first  meet  with  a  differentiation  of  auricle  and  ventricle ;  and  this  dis- 
tinction becomes  stHl  more  strongly  marked,  both  structurally  and  physio- 
locncaUy,  in  the  higher  classes.    With  the  exception  of  some  of  the  lowest, 
fo?ms  of  the  inferior  types,  we  everywhere  find  a  special  provision  for  the 
aeration  of  the  circulating  fluid  by  means  of  a  distmct  respu-atory 
apparatus;  but  the  position  of  this  varies  more  than  that  of  any  other 
organ  in  the  body;  and  it  is  seldom  that  any  other  means  are  iDrovided 
for  renewing  the  water  in  contact  with  the  respiratory  surface,  than  the 
movement  of  the  cilia  with  which  it  is  clothed.    No  distinct  urinary 
apparatus  can  be  detected  in  the  lower  MoUusca;  but  its  presence  be- 
comes distiactly  recognizable  ia  the  higher. 

43.  Not  only  the  Biyozoa,  but  by  far  the  larger  proportion  of  the 
proper  Tunicata,  possess  a  capability  of  multiplying  by  gemmation ;  the 
degree  of  connexion,  however,  that  contiuues  to  exist  between  the  gemmae 
and  the  stock  from  which  they  have  been  put  forth,  varies  in  different 
groups.  Thus  in  the  Bryozoa  a  contiauity  is  frequently  preserved,  as  in 
Lagimcula  (Fig.  49),  between  the  '  general  cavity  of  the  body '  of  one 
Zooid*  and  another,  through  the  whole  of  life;  in  Perophora  (Fig.  138), 
the  continuity  is  maintaiaed  by  the  vascular  system,  which  is  here  in 
such  free  communication  with  the  general  cavity  of  the  body  that  it  may 
be  almost  regarded  as  a  prolongation  of  it;  ia  Botryllus  (Fig.  51),  the 
buds  are  formed  in  the  first  instance  by  an  extension  of  the  '  general 
cavity  of  the  body '  of  the  stock,  but  when  they  have  attained  an  ad- 
vanced stage  of  development  they  become  entirely  separated  from  it 
and  from  each  other,  although  still  enclosed  within  a  common  envelope ; 

*  The  term  Zboid  ha3  been  suggeBted  by  Mr.  Huxley,  as  an  appropriate  designation  for 
each  of  the  independent  and  self-maintaining  organisms,  which  collectively  result  from  a 
single  generative  act. 
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Sotryllus  violaceus  : — A,  cluster  on  the  surface  of  aFucus 
tion  of  the  same  enlarged. 


-B,  por- 


and  in  Salpa  (Pig.  42),  the  buds  developed  from  the  'stolon '  or  creeping 

stem  in  the  interior 
of  the  stock,  become 
detached  at  a  very- 
early  period,  and  swim 
forth  freely,  although 
connected  into  chains 
by  the  mutual  adhe- 
sion of  their  bodies. 
N"o  multiplication  by 
gemmation  is  known 
to  exist  in  any  of  the 
higher  Mollusca;  but 
a  peculiar  generative 
zooid  is  detached  from 
the  male  of  certain 
Cephalopods,  to  con- 
vey to  the  female  his 
spermatic  fluid. — The 
true  generative  appa- 
ratus is  very  distinctly  evolved  throughout  the  series.  In  its  lowest  classes, 
the  two  sets  of  organs  are  united  in  the  same  individual,  in  such  a  manner 
that  its  'sperm-cells'  may  impregnate  its '  germ-cells,'  and  thus  produce  fer- 
tile ova,  without  any  special  operation.  In  certain  of  the  Bivalves,  however, 
the  sexes  are  distinct;  but  the  fertilization  of  the  ova  is  provided-for  without 
any  special  congress  of  two  individuals.  In  the  Pulmonated  Gastei'opods 
both  sets  of  organs  are  present  in  each  individual,  but  they  are  not  usually 
self-impregnating ;  for  the  generative  act  is  ordinaiily  effected  by  the  con- 
gress of  two  individuals,  each  fertilizing  the  ova  of  the  other  by  means  of  a 
highly-developed  intromittent  apparatus.  In  all  the  other  Cephalous  Mol- 
lusca, the  sexes  are  distinct;  and  a  regular  sexual  congress  usually  takes  place. 

44.  No  part  of  the  organization  of  Molluscous  animals  exhibits  the 
principle  of  differentiation  more  remarkably,  than  does  the  I^ervous  system. 
For  whilst,  in  the  Bryozoa  and  Tunicata,  we  find  it  to  possess  but  a  single 
ganglionic  centre,  which  answers  all  the  purposes  required  by  the  low  de- 
velopment of  their  animal  functions,  a  progressive  multiplication  of  gan- 
glionic centres  manifests  itself  as  we  ascend  the  series;  this  multiplication 
not  being  dependent,  as  in  Kadiata  and  Articulata,  upon  the  rej)etition  of 
similar  ganglia  (save  in  certain  special  cases),  but  having  reference  to  the 
greater  variety  of  purposes  which  this  system  is  called-on  to  effect,  chiefly  in 
virtue  of  the  development  of  more  special  organs  of  sensation  and  motion. 
In  the  Acephalous  MoUusks,  there  is  an  almost  entire  absence  of  visual 
organs,  and  no  trace  of  auditory  or  olfactive;  and  the  movements  of  such 
of  them  as  are  not  fixed  to  one  spot,  are  of  the  simplest  and  least  varied 
nature,  being  effected  either  by  the  agency  of  the  ciliary  currents,  or  by 
general  contractions  of  the  muscular  sac,  or  (in  the  Bivalves)  by  the  con- 
traction of  those  special  collections  of  muscular  fibres,  which  constitute  the 
adductor  muscles  and  foot.  In  the  Cephalous  Mollusks,  the  radimentaiy 
eyes  found  in  some  Acephala  are  progressively  developed  into  organs 
fitted  for  distinct  vision;  nidimentary  organs  of  hearing  begin  to  show 
themselves,  which  are  evolved  among  Cephalopods  into  a  proper  auditory 
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apparatus:  incUcations  of  a  specialization  of  a  part  of  the  surface  for 
Xtive  mu-poses  are  also  perceptible;  and  coio^ointly  wath  this  advance 
arthe  sensorial  apparatus,  we  find  the  capacity  for  locomotion,-which  is 
so  feeble  in  most  of  the  Gasteropods,  that  the  term  'sluggish  derived 
from  one  of  the  best  known  members  of  that  class  is  applicable  to  the 
Xle  of  it,-greatly  augmented  in  the  Pteropoda  and  Cephalopoda, 
many  of  the  latter  being  nearly  as  active  as  Fish. 

d  The  plan  of  construction  presented  to  us  m  the  assemblage  of 
animals  constituting  the  sub-kingdom  A^ticulata  ismucb  more  definite 
than  that  which  we  have  traced  through  the  Molluscous  series ;  audits 
leading  features  are  in  general  more  easHy  recognized,  since  the  clepar- 
tui-es  from  the  'archetype  '  form  are  seldom  such  as  to  interfere  with  the 
manifestation  of  its  fundamental  idea.   Thus  even  in  the  Cvrrhipeds  {¥iga. 
4  5)  which  constitute  its  most  aberrant  group,  the  Molluscoid  charac- 
ters ^-e  superficial  only,  whilst  the  prevalence  of  the  Articulated  type 
thi-ouf'h  every  part  of  the  internal  organization  is  at  once  revealed  by 
anato^cal  research.— The  body  of  every  Articulated  animal  is  composed 
of  a  succession  of  segments  arranged  longitudinally;  the  division  being 
usually  indicated  externally  by  a  differentiation  in  the  consistence  of  the 
tegumentary  skeleton,  and  by  the  repetition  of  the  appendages  (where 
such  exist)  which  each  segment  bears.    There  is  a  manifest  predominance, 
in  the  greater  part  of  the  series,  of  the  organs  of  animal  life  over  those  of 
organic  or  vegetative  life;  for  the  apparatus  which  is  subservient  to  the 
locomotive  powers,  occupies,  in  all  the  higher  Articulata,  a  very  prominent 
position;  and  it  is  kept  in  a  state  of  high  activity  under  the  guidance  of 
senses  of  remai-kable  acuteness.    As  it  is  by  the  external  skeleton  alone, 
that  fixed  points  can  be  afforded  for  the  attachment  of  the  muscles  and  for 
the  fulcra  of  the  levers  by  which  motion  is  given  to  the  body,  the  degree 
of  its  consolidation  generally  corresponds  with  the  development  of  the 
locomotive  apparatus;  the  chief  exceptions  being  presented  by  those  cases 
in  which  (as  in  the  common  Crab)  there  is  an  extraordinary  development 
of  a  solid  test  for  the  purpose  of  protection  only. — In  some  of  the  lowest 
grades  of  this  type  (belonging  to  the  group  of  EAtozoa),  the  successive 
segments  which  are  indicated  externally  by  constrictions  of  the  body,  so 
exactly  repeat  each  other,  that  each  can  maintain  an  independent  exist- 
ence, and  can  reproduce  the  entire  body  by  gemmation ;  so  that,  being 
indefinite  in  mimber,  and  physiologically  distinct,  they  are  nearly  on  the 
same  footing  with  the  independent  zboids  of  a  Botryllus.    It  is  interest- 
ing to  remark,  moreover,  that  among  these  the  Molluscous  nature  so  far 
predominates,  that  there  is  scarcely  a  trace  of  locomotive  organs,  and  the 
integument  is  soft  throughout,  so  that  the  segmental  division  is  chiefly 
indicated  by  the  repetition  of  the  organs  of  nutrition  and  reproduction. 
Ascending  to  the  Nematoid  "Worms  (Fig.  52),  we  find  the  segments 
united  into  one  continuous  body,  not  only  externally  but  internally ;  and 
in  these  we  find  some  of  the  leading  features  of  the  Articulated  type  dis- 
played in  their  simplest  condition.    The  body  does  not  externally  pre- 
sent any  true  annulations,  but  a  transverse  wrinkling  of  the  integument 
is  generally  perceptible ;  and  the  muscular  fibres  which  line  this  integu- 
ment are  disposed  in  regular  transverse  bands,  which  are  often  sufiiciently 
developed  to  endow  these  animals  with  a  power  of  active  movement. 
The  oral  orifice  (a),  situated  at  one  extremity  of  the  body,  leads  to  an 
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alimentary  canal  (c,c,c),  which  runs  through  the  axis  of  the  cylinder  to 

the  anal  aperture  {d)  at  its  op- 
posite  extremity ;  presentiag  in 
its  course  scarcely  any  differen- 
tiation of  parts  into  cjsophagus, 
stomach,  or  intestine,  and  no 
distinct  glandular  appendages. 
There  are  two  pairs  of  longitu- 
dinal vessels,  one  of  which  is 
supposed  to  be  arterial  and  the 
other  venous ;  but  there  are  not 
yet  any  special  respiratory  or- 
gans, the  low  degree  of  aeration 
which  their  cii'culating  fluid 
requires,  being  still  attained 
through  the  intermediation  of 
the  soft  integument.  The  ner- 
vous system  chiefly  consists  of  a 
pail-  of  longitudinal  trunks  which 
run  along  the  ventral  region  of 
the  body,  and  are  connected 
with  a  pair  of  very  minute  gan- 
glia on  each  side  of  the  oesopha- 
gus; but  no  distinct  ganglionic 
enlargements  present  themselves 
in  the  course  of  these  trunks; 
nor  is  there  the  least  indication 
of  the  presence  of  organs  of 
special  sense.  The  two  sexual 
divisions  of  the  generative  ap- 
paratus, which  are  not  only 
combined  in  the  lower  Entozoa 
in  the  same  individuals,  but  are 
even  repeated  through  their  suc- 
cessive segments,  are  here  as- 
signed to  distinct  individuals; 
and  the  form  alike  of  the  ovary  (e,  e,  e)  and  testes  usually  participates  in  the 
general  elongation,  which  may  be  considered  as  resulting  (like  that  of  the 
digestive  and  vascular  apparatus)  from  the  'fusion'  of  the  parts  proper  to 
each  segment. — Hence  the  dijQferentiation  of  pai-ts  is  here  almost  at  its 
minimum;  for  there  is  notliing  that  can  be  properly  termed  a  head;  and 
with  the  exception  of  the  two  terminal  segments  and  that  which  contains 
the  genital  orifice,  there  is  scarcely  one  that  differs  from  its  feUows  in 
any  essential  particular  of  external  configuration  or  internal  structure. 

46.  In  the  class  of  Annelida  we  meet  with  a  decided  advance  in  the 
degree  of  specialization  of  the  several  organs,  both  of  Animal  and  of  Vege- 
tative life,  without,  as  yet,  any  marked  differentiation  of  the  regions  of 
the  body,  which  is  usually  composed  of  a  large  number  of  segments  pre- 
senting a  close  external  resemblance  (Fig.  53,  a).  In  the  lower  forms, 
which  nearly  approximate  to  the  higher  Entozoa,  the  segmental  division 
is  obscured  by  the  general  softness  of  the  integument,  and  by  the  absence 


Slrongyhis  gigas  (female)  laid  open  to  show  its  inter- 
nal structure; — a,  mouth;  h,  oesophagus  ;  e,  e,  c,  intes- 
tinal canal ;  d,  anus  ;  e,  e,  e,  ovary ;  /,  uterine  dilata- 
tion ;  g,  narrow  oviduct ;  ft,  its  oniiee. 
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character  is  made  obvious,  by  the 
alternation  of  firm  rings  with  soft 

intervening  membrane.     So,  agam,  A 
in  the  lower  forms  of  this  gi'oup,  the 
head  is  scarcely  more  differentiated 
from  the  body  than  it  is  in  the 
Nematoid  Entozoa;  whilst  in  the 
higher,  it  is  furnished  with  proper 
eyes  and  antennae,  and  the  mouth  is 
provided  with  an  elaborate  apparatus, 
consisting   either  of  one,  two,  or 
three  pairs  of  jaws,  or  of  an  avertible 
proboscis,  for  the  prehension  and  re- 
duction of  food  (Fig.  53,  B,  c).  Where 
locomotive  appendages  are  developed, 
as  in  the  tribe  of  Nereids,  they  are 
almost  precisely  repeated  from  one 
end  of  the  body  to  the  others  and 
this  is  the  case,  also,  with  the  respi- 
ratory organs,  save  where  the  condi- 
tions of  existence  require  that  these 
should  be  especially  developed  from 
some  particular  region,  as  is  the  case 
with  the  cephalic  branchial  tufts  of 
theScMla  (Fig.  144);  in  fact,  the  re- 
spiratoiy  and  locomotive  organs  in 
this  group  are  by  no  means  com- 
pletely differentiated  from  one  an- 
other, each  being  subservient  in  great- 
er or  less  degree  to  both  purposes. 
These  appendages  vary  in  different 
genera;  but  we  usually  find  them 
based  on  two  fleshy  tubercles  on 
either  side  of  each  segment,  which 
are  termed  the  'dorsal  oars'  (Fig.  53, 
D,  a!),  or  the  '  ventral  oars '  (b'),  ac- 
cording as  they  project  from  the 
upper  or  under  half  of  the  segment. 
Each  oar  commonly  possesses,  attach- 
ed to  the  base  of  its  tubercle,  a  long 
soft  cylindrical  appendage,  or  ci/rrhus 
(d,  a,  e),  homologous  with  the  anten- 
niform  appendages  of  the  cephalic 
segment;  whilst  its  summit  bears  a 
tuft  ofseice  or  bristles,  which  serve  as 
the  instruments  of  locomotion  when 
the  animal  is  crawling  over  solid  surfaces.  In  the  ordinary  Nereids,  more- 
over, each  oar  has  also  a  membranous  lobe  (d,  &,/),  which  is  its  instrument 
of  propulsion  in  water.    All  these  appendages,  together  with  the  pre- 


h.,  Neplithyg  Hombergii;  b,  its  proboscis;  o, 
the  same  laid  open,  to  show  the  horny  teeth  it 
contains  ;  D,  one  of  the  feet,  showing  a',  dorsal 
oar ;  b',  ventral  oar  ;  a,  dorsal  cirrhus  ;  6,  mem- 
branous lobe  of  dorsal  oar;  c,  tentaculiibrm  ap- 
pendage ;  d,  branchial  appendage ;  e,  ventral 
cirrhus  j  /,  membranous  lobe  of  ventral  oar. 
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hensile  and  tactile  organs  which  are  developed  around  the  mouth  of 
many  species,  are  probably  subservient  in  greater  or  less  degree  to  the 
aeration  of  the  nutritive  fluid  transmitted  to  them;  but  a  more  special 
respiratory  organ  {d),  consisting  either  of  a  flattened  vesicle  or  of  a 
branching  tuft,  is  developed  from  the  underside  of  the  dorsal  oar;  this  is 
not  usually  repeated,  however,  thi-ough  the  entire  length  of  the  body. 

47.  Notwithstanding  the  elaborateness  of  the  buccal  apparatus,  the 
alimentary  canal  still  retains  much  of  its  primitive  simplicity,  being  an 
almost  straight  tube  without  any  obvious  division  into  oesophagus, 
stomach,  and  intestine;  it  is,  however,  furnished  with  cfecal  appendages 
of  various  kinds,  apparently  of  a  glandular  character.  The  condition  of  the 
sang\dferous  system  in  this  group  is  very  peculiar;  for  whilst  in  the 
higher  Articulata,  as  in  the  MoUusca,  it  communicates  freely  with  the 
general  cavity  of  the  body,  so  that  one  and  the  same  fluid  circulates 
through  both,  the  blood-vessels  here  form  a  completely  dosed  circuit,  as 
in  the  Echinodermata;  and  the  general  cavity  is  occupied  by  a  true 
'  chylaqueous '  fluid,  which  is  kept  iu  pretty  constant  motion  by  the 
movements  of  the  body.  As  in  the  Echinodermata,  too,  there  appear  to 
be  distinct  provisions  for  the  aeration  of  the  blood-proper  and  for  that  of 
the  chylaqueous  fluid ;  for  whilst  the  latter  penetrates  into  the  locomotive, 
prehensile,  and  tactile  appendages,  and  is  freely  exposed  through  their 
parietes  to  the  surrounding  medium,  it  is  the  blood  alone  which  is  trans- 
mitted to  the  special  respiratory  organs.  The  generative  apparatus  in 
the  Nereids,  as  in  the  Cestoid  Entozoa,  is  completely  repeated  in  each 
successive  segment;  but  in  the  Terricolce  (Earth-worms,  &c.)  it  is  more 
localized,  having  only  a  single  external  orifice,  as  in  the  Nematoid  worms ; 
and  although  both  male  and  female  organs  are  developed  in  the  same 
individual,  yet  the  congress  of  two  is  necessary,  as  in  the  terrestrial 
Gasteropods,  each  impregnating  the  other.  The  multiplication  of  parts 
by  gemmation  takes  place  to  a  great  extent  among  the  Annelida; 
for  it  is  in  this  way  that  the  extraordinary  elongation  of  the  body  is 
efiected,  which  is  characteristic  of  many  species ;  the  number  of  segments 
being  thus  augmented,  from  the  single  one  which  presents  itself  in  the 
earliest  stage  of  development,  to  four  or  five  hundred.  And  there  are 
certain  species  in  which  the  body  spontaneously  divides  itself  into  parts, 
each  of  which  becomes  a  complete  organism ;  whilst  in  others,  portions 
of  the  body  endowed  with  locomotive  and  sensory  organs,  but  unprovided 
with  a  nutritive  ajDparatus,  are  budded-off,  for  the  purpose  of  dispersing 
the  products  of  the  generative  act,  with  which  they  are  loaded.  The 
nervous  system  here  presents  a  far  higher  development  than  in  the 
Nematoidea,  as  might  be  expected  from  the  presence  of  distinct  organs 
of  sense,  and  of  locomotive  appendages ;  for  the  double  ventral  cord  is 
now  studded  with  ganglia,  disposed  at  regular  intervals,  and  equal  in  size, 
thus  conforming  to  the  general  similarity  of  the  segments  themselves ; 
whilst  the  cephalic  ganglia  exceed  the  rest  in  size,  and  acquire  a  directing 
power  over  them,  in  a  degi'ee  proportionate  to  the  development  of  the 
organs  of  special  sense. — It  is  worthy  of  note,  that  even  in  tliis  gi;oup, 
which,  as  a  whole,  is  characterized  by  its  locomotive  activity,  there  is  an 
entire  order  adapted  to  lead  the  sedentary  life  of  Molluscous  animals; 
some  of  them  even  forming  shelly  tubes,  which  can  scarcely  be  distin- 
guished from  those  of  certain  Gasteropods.    Various  modifications  of 
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stmctiire  are  required  for  tliis  pui-pose,  especially  the  concentration  of  the 
respiratory  apparatus  about  the  head;  but  it  is  to  be  remarked,  that  these 
special  modifications  begin  to  make  theu- appearance  at  an  advanced  stage 
of  development,— these  Tuhicolce,  up  to  a  certain  point,  not  only  leading 
the  errant  Uves  of  the  Kereids,  but  exhibiting  an  almost  exact  conformity 

to  their  type  of  conformation.  .  xi.    a  i.-    i  +  c.v. 

48  Disre<-arding  the  more  aberrant  forms  of  the  Articulated  sub- 
kingdom,  and  restricting  ourselves  to  that  tolerably  regular  series  which 
will  best  illustrate  the  principle  of  progressive  differentiation  we  now 
come  to  the  class  Myricqwda,  in  which  we  find  the  regulm-  evolution  ol 
this  type  attaining  its  maximum.  The  segmentation  of  the  body  m  this 
class  is  rendered  very  distinct,  by  the  hardening  of  the  integument  of  its 
successive  divisions,  and  by  the  interposition  of  a  flexible  membrane  be- 
tween each  pair,  so  as  to  allow  of  considerable  freedom  of  motion;  and 
the  same  kind  of  articulation  is  presented  also  by  the  locomotive 
appendages.  These  in  the  lulus  (Fig.  54)  are  very  numerous,  like  the 
segments  to  which  they  are  attached,  but  are  very  imperfectly  developed, 
showing  only  a  sHght  advance  upon  the  ventral  sette  of  the  Nereids,  which 
they  may  be  considered  to  represent;  so  that  the  animal  seems  rather 

Fig.  54.  Fig-  55. 


lulus. 


Scolopendra, 


to  glide  or  crawl  with  their  assistance,  like  a  Serpent  or  Worm,  than  to 
rely  on  them  for  support  and  propulsion.    The  case  is  different,  however. 


with  the'  8coloj)endra  (Fig.  55);  for  here  the  number  of  segments 


is 
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greatly  reduced,  whilst  each  attains  a  higher  gi-ade  of  development, 
especially  as  regards  its  locomotive  appendages  and  the  muscles  by  which 
they  ai-e  put  m  action.  StiU  we  observe  as  complete  an  outward  equality 
in  the  successive  segments,  as  the  Annelida  present;  it  being  the  head 
alone  which  presents  a  marked  cUfTerentiation  in  the  lulidce;  whilst  the 
appendages  of  the  first  segment  of  the  body  iu  the  Scolopmdridoe,  instead 
of  being  employed  for  locomotion,  are  so  modified  as  to  serve  to  hold  and 
tear  theii'  prey,  and  are  also  provided  with  an  apparatus  for  instilling 
poison  into  the  wounds  they  make. — The  alimentary  canal  of  the 
Myriapods  for  the  most  part  exhibits  a  division  into  oesophagus,  stomach, 
and  intestine,  the  stomach  usually  possessing  distinct  muscular  walls,  and 
being  sometimes  lined  with  a  plaited  hoi-ny  membrane,  so  as  to  constitute 
a  kind  of  gizzard ;  and  long  tubular  caeca  are  connected  with  various  parts 
of  this  canal,  which  probably  act  as  salivary,  hepatic,  and  urinary  glands. 
The  long  vascular  tiamk,  or  'dorsal  vessel,'  exliibits  a  regular  segmental 
division,  each  portion  being  in  fact  the  impelling  cavity  or  heart  of  the 
segment  in  which  it  lies,  whilst  there  is  such  a  communication  between 
the  several  chambers,  that  a  general  movement  of  the  blood  from  behind 
forwards  can  take  place  through  the  tnink  formed  by  their  union.  The 
venous  circulation,  as  in  Insects,  Crustacea,  and  Arachnida,  is  canied 
on  through  the  general  cavity  of  the  body  and  the  interstitial  lacimje 
in  the  members.  The  respiratoiy  organs,  which  are  here  internal,  are 
repeated  with  almost  perfect  uniformity  through  the  entire  series  of  seg- 
ments ;  each  having  its  pair  of  stigmata  or  breathing  pores,  which  lead 
either  to  simple  air-sacs,  or  to  branching  tracheae.  Both  in  lulidce  and 
ScolopendridcB,  the  sexes  are  distinct;  but  the  generative  apparatus  of  each 
sex  is  stiU  extended  through  a  considerable  part  of  the  body,  although  it 
has  but  a  single  external  orifice.  In  the  development  of  the  organism, 
we  still  witness  a  multiplication  of  segments  by  gemmation ;  one  after 
another  being  produced,  subsequently  to  the  young  Myriapod's  emersion 
from  the  egg,  until  the  number  proper  to  the  species  is  attained.  The 
nervous  system  is  formed  upon  precisely  the  same  general  plan  as  that  of 
the  Annelida ;  the  ventral  ganglia,  however,  being  considerably  larger 
in  proportion,  in  accordance  with  the  higher  development  of  the  locomo- 
tive apparatus ;  whilst  the  cephalic  ganglia  also  show  a  gi'eat  increase, 
in  accordance  with  the  increased  elaborateness  of  the  sensory  organs. 
We  now  find,  moreover,  a  special  division  of  the  nervous  system,  ajjpro- 
priated  to  the  respiratory  apparatus,  its  ganglia  being  i-epeated,  like  the 
organs  it  supplies,  in  each  segment;  and  a  like  special  arrangement  of 
ganglia  and  nerves  (of  which  traces  ai'e  discoverable  among  the  Annelida) 
is  provided  for  the  supply  of  the  buccal  ajjparatus  and  stomach,  and 
is  hence  termed  the  '  stomato-gastric'  system. — Thus  we  see  that  in  this 
interesting  group  of  animals,  which  exhibits  in  its  general  organization 
the  greatest  elaborateness  that  is  compatible  with  the  external  mainten- 
ance of  the  uniform  Articulate  type,  a  certain  amotmt  of  differentiation 
has  already  begun  to  show  itself  in  the  disposition  of  the  internal  organs. 

49.  This  difierentiation  is  carried  to  a  fai'  higher  extent,  however,  in 
the  class  of  Insects;  in  which  segmental  uniformity  is  -completely  sacri- 
ficed, for  the  attainment  of  the  special  objects  contemplated  in  the 
organization  of  this  type.  In  many  larvae,  it  is  true,  that  uniformity  is 
as  jperfect  as  in  the  Nematoid  Worm  or  the  Nereid;  but  in  the  course  of 
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that  development  which  is  known  by  the  term  metamorijhosis  both  the 
exW  coifigm-ation  and  the  internal  structure  of  the  several  segments 
become  more  and  more  diversified;  and  at  last  we  find  the  entire  body 
sepSed  by  well-marked  divisions  into  heVl,  thorax,  and  abdomen,  the 
Sax  being  always  composed  of  thr-ee  segments,  and  the  abdomen  of 
nine'uideBS°one  or  two  of  the  terminal  segments  should  have  been  sup- 
mSed.    Now  although  aU  these  segments,  in  the  larva  state,  may  have 
been  equally  provided  with  locomotive  appendages,  or  may  (on  the  othei 
W^Tve  been  entirely  destitute  of  them,  we  find  that,  -  the  perfec 
Insect  or  imago,  only  the  three  thoracic  segments  are  thus  endowed,  this 
limitation  of  the  motor  organs,  however,  being  accompanied  with  a  much 
hi-her  development  of  the  members  themselves.    Each  of  the  three 
thoracic  segments  is  provided  with  a  paii-  of  articulated  legs;  and  whilst 
in  the  Myi-iapoda  the  successive  joints  were  almost  exact  repetitions  ot 
each  other,  we  now  distinguish  the  diversely-formed  parts  which  a,re 
known  as  the  coxa  or  'hip',  the  femur  or  'thigh',  the  UUa  or  shani 
and  the  tarsus  or  '  foot',— names  which,  suggested  by  the  analogy  oi 
animals  constructed  upon  a  plan  essentially  difi'erent,  are  by  no  means 
strictly  applicable.    But  besides  these  members,  which  may  be  consi- 
dered as  homologous  with  the  cirrhi  of  the  'ventral  oars'  of  the  Nereids 
(Fio^.  53,  D,  e),  the  second  and  third  segments  of  the  thorax  are  each  fur- 
nished (in  the  typical  Insect)  with  a  pair  of  wings,  which  may  be  likened 
to  the  membranous  lobes  of  the  '  dorsal  oars'  (&),  being  expansions  of  the 
outer  tegumentary  membrane  over  a  frame-work  supplied  by  the  dermal 
skeleton.    This  skeleton  often  imdergoes  very  remarkable  modifications; 
one  piece  (usually  the  first  segment)  being  sometimes  enormously  deve- 
loped at  the  expense  of  the  other  two,  so  as  even  entirely  to  conceal  them 
on  the  dorsal  surface;  whilst  in  other  instances  a  partial  or  complete 
adhesion  takes  place  between  the  several  rings.    In  either  case,  a  degree 
of  consolidation  of  the  thoracic  segments  is  afforded,  which,  whilst  entirely 


Fig.  56. 


Section  of  the  trunk  of  Meloloniha  vtilqariH  (Cockchafer),  showing  the  complexity  of  the 
muscuhir  system.  The  first  sepfment  of  the  thorax  (2)  is  chiolly  occupied  by  tlic  luusclea  of  the 
head,  and  by  those  of  t  he  first  pair  of  legs.  The  second  and  third  seKuionts  (3  and  i)  contain 
the  very  largo  muscles  of  the  wings,  and  I  hose  of  the  two  other  pairs  of  legs.  The  chief  muscles 
of  tlie  abdomen  are  (lie  long  dorsul  and  nlidoininal  recti,  which  move  the  several  segments  one 
upon  another. 

F 
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destroying  their  mobility  one  upon  tlie  other,  gives  a  far  more  secure 
attachinent  to  the  complex  assemblage  of  muscles  (occupying  almost  the 
whole  interior  of  the  thorax,  Fig.  5G)  provided  for  the  movement  of  the 
legs  and  wings,  to  which  the  locomotive  function  is  now  delegated.  The 
abdominal  segments,  however,  for  the  most  part  preserve  their  primi- 
tive ring-like  simplicity,  and  are  put  in  motion,  one  upon  another,  by 
longitudinal  and  transverse  muscles  that  differ  Httle  from  those  common 
to  Articulata  generally;  but  the  abdomen  also  contains  special  groups  of 
muscles,  developed  in  connection  with  organs  peculiar  to  certain  tribes  of 
Insects,  as  stings,  ovipositors,  &c.  All  this  differentiation  of  the  mus- 
cular system  takes  place  gradually,  like  the  evolution  of  the  organs  to 
which  the  several  groups  of  muscles  are  subservient. 

50.  The  head  of  the  Insect  is  not  only  more  completely  separated  from 
the  trunk  than  it  is  in  any  other  Articulated  animals,  so  as  to  be  endowed 
with  greater  freedom  of  motion ;  but  it  is  also  provided  with  a  far  more 
elaborate  apparatus  for  sensation.  Thus  the  organs  of  vision  appear 
to  be  no  less  efficient  in  guiding  the  movements  of  these  animals,  than 
are  the  most  perfect  eyes  of  Vertebrata,  although  constructed  upon  a  very 
different  type :  for  in  the  place  of  a  single  movable  eye  on  each  side  of 
the  head,  we  find  an  assemblage  of  cyliudrical  or  conical  ocelli,  sometimes 
to  the  number  of  several  thousand,  each  of  them  adapted  to  receive 
rays  in  one  direction  only.  This  arrangement  is  common  to  the  whole 
Articulated  series,  with  the  exception  of  the  Arachnida,  and  is  conform- 
able to  that  general  plan  of  repetition  of  similar  parts,  of  which  we  have 
seen  so  many  examples  in  them ;  but  it  is  in  Insects  that  we  find  the 
ocelli  most  numerous,  and  then-  structure  most  complete.  The  organs  of 
touch  are  also  multiplied ;  for  besides  the  cmtennce,  which  serve  by  their 
elongation  (which  is  frequently  most  extraordinary)  to  take  cognizance 
of  objects  at  some  distance,  we  find  two  pairs  of  short  i^oZph  whose  special 
function  it  seems  to  be  to  examine  substances  in  the  immediafje  neigh- 
bourhood of  the  mouth  j  and  there  is  reason  to  believe  that  one  or  both 
of  them  are  specially  endowed  as  instruments  of  smell.  It  is  certain, 
too,  that  there  is  some  provision  for  the  sense  of  hearing ;  although  its 
special  instrument  has  not  yet  been  positively  made  out.  The  nervous 
centres,  with  which  locomotive  and  sensory  organs  are  in  connection, 
exhibit  very  marked  characters  of  difi^erentiation,  in  accordance  with  the 
foi-egoing  special  developments.  Thus  whilst  in  the  Larva,  the  ganglia  of 
the  successive  segments  correspond  in  size,  and  are  disposed  at  equal  dis- 
tances from  each  other,  we  find  in  the  Imago  an  extraordinaiy  development 
of  the  thoracic  centres  (Fig.  57,  J),  which,  being  also  approximated  more 
closely,  sometimes  even  run  together  into  a  single  ganglionic  mass;  whilst 
some  of  the  abdominal  ganglia  {m)  almost  disappear,  and  their  distance 
remains  undiminished.  So,  again,  the  cephalic  ganglia  {k),  which  iii  the 
Larva  (as  in  the  lower  Annelida)  scarcely  sm^pass  the  ventral  ganglia  in 
size,  attain  an  enormously-iucreased  development  in  the  Imago ;  this  being 
obviously  related  in  great  part  to  the  perfection  and  activity  of  the  visual 
organs,  by  whose  agency  the  movements  of  these  animals  are  guided. 

51.  In  the  structiu^e  of  the  Nutritive  apparatus,  and  especially  of  the 
Digestive  system,  the  principle  of  diff'erentiation  is  very  strongly  marked ; 
and  this,  not  only  in  the  type  common  to  the  class  taken  as  a  whole,  but 
also  in  the  subordinate  modifications  wliich  its  various  subdivisions  pre- 
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sent,  adapted  as  they  are  to  exist  upon  the  most  diverse  kinds  of  nutri- 
ment. The  buccal  apparatus  presents  two  principal  forms,  one  constructed 
for  mastication  (as  is  characteristically  seen  in  the  Beetle  tribe),  the  other 
for  suction  (of  which  the  Buttei^ies,  &c.  present  the  best  examples) ;  yet 
althouc^h  these  forms  are  subject  to  almost  endless  modifications,  the 
same  elementaay  pai-ts  may  be  everywhere  traced,  thus  showing  a  most 
remarkable  example  of  'unity  of  type.'  The  alimentary  canal  always 
exHbits  a  weU  marked  distinction  into  oesophagus,  stomach,  and  intestine 
(c  d  e)  ■  and  the  stomach  is  frequently  furnished  with  an  apparatus  suited 
for  the  mechanical  reduction  of  the  food.  The  glandular  appendages  are 
usually  more  highly  developed  in  this  class,  though  still  preserving  a  very 
simple  type,  so  that  theii'  character  is  chiefly  determined  by  the  part  of 
the  canal  into  which  they  discharge  their  product.  The  cu'culating 
apparatus  is  formed  upon  the  incomplete  type  ab?eady  noticed  in  the 
Myi-iapoda ;  for  its  centre  consists  of  a  many-chambered  dorsal  vessel  {a,  a), 
from  which  arterial  trunks  proceed  to  the  system  generally;  whilst  the 
return  of  the  blood  takes  place  through  the  general  cavity  of  the  body, 
the  insterstitial  lacunae  between  the  muscles,  &c.  Some  differentia- 
tion is  observable,  however,  even  here ;  for  whilst  in  the  larva,  as  in  the 
lower  Articulata,  the  chambers  of  the  dorsal  vessel  correspond  in  number 
and  position  with  the  segments  of  the  body,  their  number  is  reduced  in 
the  perfect  Insect,  by  the  contraction  of  the  thoracic  chambers  into  a 
mere  arterial  trunk,  whilst  those  of  the  abdomen  are  enlarged  and  be- 
come more  muscular ;  and  although  each  of  the  latter  continues  to  act 
as  the  heart  of  its  own  segment,  yet  by  their  successive  contractions  from 
behind  forwards,  they  propel  a  more  vigorous  current  towards  the  ante- 
rior part  of  the  body.  The  respiratory  apparatus  of  Insects  is  very 
gi'eatly  extended,  the  tracheae  being  prolonged  into  every  part  of  the 
body;  in  its  grade  of  development,  however,  no  decided  advance  is  made 
upon  the  type  of  the  Myriapoda;  although  indications  of  difierentiation 
are  seen  in  the  closure  of  the  spiracles  of  certain  segments,  whilst  those 
of  other  segments  are  enlarged,  so  that  the  whole  apparatus  is  supplied 
with  air  through  a  comparatively  small  number  of  openings. — The  repro- 
duction of  Insects,  with  only  one  known  exception,  is  accomplished  solely 
by  the  true  generative  process.  The  sexes  are  distinct  throughout  the 
class;  and  the  males  and  females  .are  frequently  distinguished  by  diver- 
sities in  size,  configuration,  or  colour,  as  well  as  by  the  difierence  in  their 
generative  organs.  The  seminiferous  or  oviferous  tubes  possess  but  a 
single  outlet,  although  they  are  frequently  greatly  multiplied,  or,  if  few 
in  number,  are  extended  through  a  large  part  of  the  body ;  and  the  last 
segment  of  the  abdomen  is  usually  adapted  in  the  male  to  serve  as  a  penis 
or  intromittent  organ,  whilst  in  the  female  it  is  developed  into  an  ovi- 
positor. In  the  exception  above  alluded  to,  that  of  the  A2ihides,  a  suc- 
cession of  '  zooids'  is  produced,  without  any  sexual  intervention,  by  a 
process  which  seems  to  be  essentially  one  of  internal  gemmation.  No 
multiplication  of  segments  by  gemmation  ever  seems  to  occur  in  this 
class ;  the  embryo,  when  first  its  outlines  can  be  discerned,  presenting 
the  full  number.  It  seems  obvious,  then,  that  the  productive  energy  is 
here  expended,  not  upon  the  '  vegetative  repetition'  of  similar  parts,  but 
upon  that  higher  development  of  a  smaller  number,  which  renders  them 
capable  of  a  far  greater  variety,  as  well  as  of  greater  energy,  of  functional 
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power.— The  general  arrangement  of  the  Nutritive  organs  in  this  class,  is 
shown  in  the  accompanying  section  of  a  Lepidopterous  insect.    As  com- 


FiG.  57. 


Ideal  Section  of  Sphinx  Ugustri  (Privet  Hawk-moth),  to  show  the  relative  position  of  its 
organs;— 1 — 13,  successive  segments  ;  a,  a,  dorsal  vessel;  b,  ligamentous  bands  holding  it  in 
place:  e,  oesophagus ;  c',  crop;  d,  stomach;  e,  e,  intestinsQ  canal;  /, /,  biliary  tubuli; 
ff,  caecum  ;  h,  cloaca ;  i,  ovary ;  k,  cephalic  ganglia ;  I,  thoracic  ganglia ;  m,  first  abdominal 
ganglion. 

pared  with  Vertebrata,  the  whole  body  may  be  considered  as  inverted; 
the  ganglionic  column  which  answers  to  the  spinal  cord  being  situated 
on  the  ventral  aspect;  whilst  the  central  organ  of  the  circulation  is  on 
the  dorsal. 

52.  A  very  analogous  description  might  be  given  of  the  class  of 
Crustacea,  in  which  we  find  the  higher  type  of  articulated  structure 
modified  for  inliabiting  water;  hwt  it  will  be  sufficient  for  our  present 
purpose  to  notice  some  of  the  most  striking  contrasts  which  it  presents 
between  the  lowest  and  the  highest  degrees  of  difierentiation.  Among 
some  of  the  IsojJod  Crustacea,  there  is  as  complete  an  equality  between 
the  difi^erent  segments,  as  there  is  in  the  Myriapoda;  whilst  in  the 
Brachyowrous  Decapods  (Crab  tribe)  there  is  a  most  remarkable  difieren- 
tiation, the  segments  of  the  cephalo-thorax  being  immensely  enlarged, 
and  fused  (as  it  were)  together,  whilst  those  of  the  abdomen  are  scarcely 
at  all  developed,  and  the  whole  being  covered-in  by  a  ca/ra'pace  formed 
by  an  extraordinary  backward  extension  of  one  of  the  cephalic  rings. 
The  same  kind  of  alteration  extends  to  the  internal  organs;  for  every- 
where we  notice  a  remarkable  fusion  and  concentration  of  what  are 
elsewhere  separate  parts.  Thus  of  the  dorsal  vessel,  only  a  single 
chamber  is  developed  into  a  heart,  but  this  attains  a  very  large  size  (Fig. 
58,  i),  and  has  powerful  muscular  waUs,  whilst  the  anterior  and  posterior 
portions  dwindle-down  into  arterial  trunks  (a,  h).  The  nervous  system 
exhibits  a  like  concentration ;  all  the  gangUonic  centres  proper  to  the 
thoracico-abdominal  segments  being  fused  into  one  mass,  from  which 
nerves  radiate  to  the  limbs  and  to  the  rudimentary  abdomen.  It  is  not 
in  this  manner  alone,  however,  that  the  ordinary  articulated  type  imder- 
goes  modification  in  the  higher  Crustacea;  for  we  find  the  liver  (e), 
formed  rather  upon  the  plan  of  Mollusks  than  upon  that  of  Insects, 
being  a  compact  organ,  composed  of  multitudes  of  short  follicles  crowded 
upon  excretory  ducts  like  grapes  upon  a  stalk;  and  this  pecuharity 
extends  to  other  glandular  organs,  as  also  to  the  generative.  All  these 
modifications  are  of  special  interest,  when  taken  in  connection  with  the 
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aquatic  respiration  and  comparatively  inert  habits  of  these  Crustac  ea,  which 
Zfthek  cUfFerentiation  from  the  ever-active  aenal  Insects,  as  being 


Fig.  58. 


Anatomy  of  Cancer  pagmus  (Common  Crab),  the  greater  part  of  the  carapace  having  been 
removed;— a,  ophthahmc  artery;  h,  musclea  of  the  stomach;  c,  stomach;  d,  intestine ; 
e  liver-  f  testis  -  o,  flabeUa;  h,  branchiae  in  their  normal  position;  i,  heart;  fc,  abdominal 
artery  ;'  //vault  of  the  flank,  enclosing  the  branchial  cavity ;  m,  branchisB  turned  back. 

(so  to  speak)  in  the  Molluscan  direction.  It  is  peculiarly  interesting  to 
observe,  that  this  extreme  departure  from  the  '  archetype'  conformation 
only  arises  gradually;  the  young  Crab,  soon  after  its  emersion  from  the 
e<y(f,  resembling  the  young  of  many  long-tailed  Crustacea;  and  the  extra- 
ordinary development  of  the  cephalo-thorax,  with  other  specialities  of 
structure,  being  only  attained  after  a  succession  of  changes  that  may  be 
considered  as  amounting  to  a  metamorphosis  (Fig.  77). 

63.  Although  a  powerful  masticatory  apparatus  is  usually  provided  in 
the  higher  forms  of  this  class,  consisting  of  several  pairs  of  jaws  opening 
laterally,  yet  these  jaws,  which  stand  in  the  same  relation  to  the  cephalic 
segments  that  the  legs  do  to  the  thoracic,  are  not  completely  differen- 
tiated from  the  locomotive  apparatus:  the  three  pairs  which  are  pos- 
terior to  the  mouth  presenting  a  gradual  approximation  to  the  anterior 
pairs  of  thoracic  members,  so  as  to  be  actually  employed  in  the  Stoma- 
pods  for  prehension  and  locomotion,  whilst  in  the  Decapods  the  anterior 
thoracic  members  are  converted  into  supplementary  feet-jaws ;  so  that  a 
regular  gradation  is  established  between  the  typical  mandibles  in  front 
of  the  mouth,  and  the  typical  legs  belonging  to  the  posterior  segments  of 
the  thorax.  Now  in  the  curious  Limulus  (king-crab),  which  forms  a 
connecting  link  between  the  higher  Crustacea  and  the  inferior  group  of 
Entomostraca,  the  two  functions  of  mastication  and  locomotion  are 
actually  performed  by  the  same  members;  for  the  ordinary  cephalic 
instruments  of  mastication  are  wanting,  and  the  thoracic  limbs  are  so 
arranged  roimd  the  mouth,  that  their  basal  joints  may  work  against 
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those  of  the  opposite  side,  and  may  thus  serve  as  jaws,  whilst  the 
remainder  of  each  member  acts  as  an  ordinary  instrument  of  locomotion 
and  prehension  (Fig.  59).  In  the  Entomostraca,  again,  we  find  the  organs 
ot  respiration  very  imperfectly  difierentiated  from  those  of  locomotion; 

59.  Fig.  60. 


Inferior  surface  of  lAmulus  :—a,  first  pair  a,  female  of  Cyclops  guadricwnis  -.—a, 

of  legs,  used  as  prehensile  organs;  6,  basal  body;  h,  tail;  c,  antenna;  d,  antennule;  e, 

joints  of  five  posterior  pairs  of  legs,  used  as  feet ;  /,  plumose  setse  of  tail :— B,  tail,  with 

jaws;  c,  abdominal  appendages  bearing  bran-  external  egg-sacs  : — c,  D,  jj,  p,  G,  successive 

ehise;  d,  ensiform  appendage.  stages  of  development  of  young. 

some  of  the  group  being  furnished  with  '  fin-feet,'  wliich  are  obviously 
adapted  to  serve  both  purposes  at  once ;  and  others  having  more  special 
organs  of  aeration  in  the  plumose  tufts  attached  to  the  legs,  jaws,  and 
tail,  as  in  Cyclops  (Fig.  60). — There  are  certain  Crustacea,  indeed,  wliich 
seem  referrible  as  regards  their  general  configuration  to  a  higher  type, 
but  in  which  there  is  so  little  specialization  of  parts,  that  no  distinct 
provision  for  respiration  can  be  made  out ;  and  in  these,  moreover,  the 
sanguiferous  system  is  reduced  to  its  zero  of  development,  there  being 
no  dorsal  vessel,  and  the  flux  and  reflux  of  chylaqueous  fluid  in  the 
general  cavity  being  the  only  provision  for  conveying  nutriment  through 
the  body  (Fig.  105).  This  condition  is  in  striking  contrast  with  the 
centralized  heart,  minutely-ramifying  vascular  system,  and  elaborately 
constructed  branchial  apparatus,  of  the  Crab ;  but  even  the  latter  retains 
a  striking  feature  of  imperfection  in  its  organs  of  cii'culation,  the  san- 
guiferous cuiTcnt  having  still  to  pass  through  the  general  cavity  of  the 
body  and  the  interstitial  lacunse  of  the  limbs,  in  its  transit  from  the 
ultimate  ramifications  of  the  arteries  to  the  gills  or  to  the  heart. 

54.  In  the  class  of  Araclmicla  (Spiders,  Scorpions,  &c.),  we  find  the 
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but  by  means  of  an  ^^^^  conditions.    Instead  of 

TheS  foo7(  ^i  te  gVnSly^  from  living  by  stratagem. 

TI^TlS  S  tL.a.°ara  told  (as  it  were)  into  '^l;"  fP^pt: 

XI  1  +^        oil  tlip  members  are  attached.    Ine  tactue  appeu 

t~:ld  b^^^^^^^^^  here  present  themselves; 

{X:^        wholly  wanting,  and  the  -^^-^'^^^^^^1^^:^ 
loped  either  into  instruments  of  prehension,  or  into  members  resembling 
trthoracic  Hmbs.    Of  true  legs  there  --fWf/^-rr^The  tet 
constitutes  the  most  constant  external  character  of  the  gf^P;  T^^^^^f^' 
meiitary  skeleton  varies  considerably  as  to  its  degree  of  firmness,  m  the 
S  W  members  of  the  class;  in  the  Spider  tribe,  which  may  be  regarded 
as  its  typical  group,  it  is  so  soft  throughout  the  abdominal  region,  that 
all  app^oxance  of 'segmentation  is  wanting;   and  f  though  somewha^ 
firmer  in  the  cephalo-thorax,  it  does  not  serve,  hke  the  dense  external 
skeleton  of  Insects  and  Crustacea,  to  give  an  unyielding  siipport  to  the 
locomotive  apparatus.    It  is  interesting  thus  to  observe  the  pai^ial  dis- 
appearance of  one  of  the  most  characteristic  features  of  Articulate 
stAicture,  in  a  gi'oup  which  must  be  regarded  as  standing  near  the 
borders  of  its  sub-kingdom.    Another  interesting  modification  is  pre- 
sented by  the  structure  of  the  eyes:  which,  although  more  numerous 
than  in  Vei-tebrata  (Spiders  and  Scorpions  having  six,  eight,  or  even 
more),  are  formed  upon  the  plan  of  the  visual  organs  m  that  sub- 
kingdom.     In  the  structure  of  the  respiratory  organs  of  the  higher 
Arachnida,  again,  we  find  a  decided  approximation  to  the  Yertebrated 
type,  although  they  are  stiU  multiple,  and  open  by  special  orifices  m  the 
segments  in  which  they  are  situated,  as  in  Insects. — Like  the  class  of 
Crustacea,  this  group  includes  a  large  assemblage  of  forms,  which,  while 
they  correspond  in  general  plcm  of  organisation,  difi'er  widely  in  grade  of 
development.    Thus,  in  the  Aca/rida,  it  seems  doubtful  whether  there  is 
any  proper  circulating  system;  in  the  parasitic  species  generally,  no 
special  respiratory  apparatus  can  be  discovered;  and  in  the  lowest  forms 
of  this  tribe,  the  sexes  appear  to  be  united,  the  ova  being  dispersed 
through  the  tissues  of  the  body,  instead  of  being  developed  within  a 
definite  ovarium.     It  is  remarkable  that,  throughout  this  class,  the 
young  come  forth  from  the  egg  in  their  complete  form,  or  nearly  so ; 
and  that  even  in  the  earlier  stages  of  their  development,  the  Arach- 
nidan  type  is  very  distinctly  differentiated  from  that  of  other  Articu- 
lata,  so  that  the  embryo  cannot  be  likened  to  any  of  the  lower  forma 
of  that  series. 

55.  We  now  arrive  at  the  sub-kingdom  Vertebeata,  which  unques- 
tionably ranks  as  the  highest  division  of  the  Animal  Kingdom,  since  it 
contains  those  classes  which  display  the  greatest  perfection  of  organised 
structure,  as  manifested  in  the  special  adaptation  of  each  part  of  their 
organism  to  some  difierent  purpose,  and  in  the  consequent  number  and 
variety  of  their  faculties.  Whilst  the  apparatus  of  Nutritive  life  predo- 
minates in  the  MoUusca  (the  sensori-motor  organs  being  only  enough  do- 
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ifXi       .    '      f  ™^  an  individual 

01  tHe  opposite  sex,  where  the  union  of  two  is  requii-ed  for  the  imrpose  of 
generation),  and  whilst  the  activity  of  the  Sensori-motor  apparatus  is  the 
special  characteristic  of  the  Articulata,  (whose  actions  seem  to  be  almost 
entu-ely  iristinchve,  that  is,  to  be  performed  without  any  discernment  or 
choice  on  then-  own  parts),  the  Vei-tebrata  are  distinguished  by  the  hieh 
e  volution  of  that  portion  of  the  Nervous  System,— the  cerebi-um  and  its 
dependencies,— which  seems  to  minister  to  the  operations  of  inielligence 
wherein  means  are  adapted  to  ends  by  the  pui-pose  and  design  of  the 
individual  itself  This  attribute  reaches  its  liighest  development  in  Man 
whose  entire  organization  is  brought  into  subservience  to  it;  but  through- 
out almost  the  entire  Vertebrate  series,  we  see  a  decided  tendency  towards 
it ;  indications  of  reasoning  powei',  and  of  the  faculty  of  profiting  by 
experience,  being  discernible  even  in  the  lower  members  of  it.  The  pre- 
dominance of  the  Nervous  System  is  manifested,  not  only  in  the  increased 
size  of  its  centres,  but  also  in  the  special  provision  which  we  here  find,  for 
the  protection  of  these  from  injury.  In  the  Invert ebrated  classes,  with 
scarcely  any  exceptions,  wherever  the  nervous  system  is  enclosed  in  any 
protective  envelope,  that  envelope  serves  equally  for  the  protection  of  the 
whole  body;  this  is  the  case,  for  example,  in  regard  to  the  spiny  integu- 
ment of  the  Star-fish,  the  shell  of  the  Mollusca,  and  the  firm  j  ointed  rings 
of  the  Insect.  Where  exceptions  do  present  themselves,  they  are  in 
tribes  which  are  near  the  higher  borders  of  their  respective  sub-kingdoms, 
so  as  to  abut  (as  it  were)  on  the  Vertebrate  region ;  thus  in  the  highest 
Crustacea,  there  is  a  set  of  internal  projections  from  the  shell,  on  each 
side  of  the  median  line,  which  form  a  series  of  arches  partly  enclosing  the 
ventral  cord;  and  in  the  naked  Cephalopoda,  the  nervous  centres  are 
supported,  and  in  part  j)rotected,  by  cartilagiaous  plates,  which  are  evi- 
dently the  rudiments  of  a  true  internal  skeleton.  It  is  by  the  high 
develoi^ment  and  peculiar  arrangement  of  the  N euro-Skeleton, — ^which  not 
only  encloses  the  nervous  centres,  but  afibrds  protection  to  the  most 
important  viscera,  furnishes  the  system  of  levers  required  for  the  apparatus 
of  locomotion,  and  affords  fixed  points  for  the  attachment  of  the  muscles 
whereby  these  levers  are  put  in  action, — ^that  this  sub-kingdom  is  most 
readily  characterized.  This  neuro-skeleton,  under  aU  its  sjiecial  modifica- 
tions, consists  of  a  longitudinal  series  of  vertebrae;  each  vertebra  being 
composed  of  a  centrum,  a  neural  arch  enclosing  the  nervous  centres, 
a  hcemal  an'cli  enclosing  the  centres  of  the  cu-culation,  and  lateral  pro- 
cesses ;  to  which  are  frequently  added  diverging  appendages.  The  several 
vertebi'£e  may  be  very  unequally  develoj)ed,  both  as  to  size  and  difiereutia- 
tion  of  parts ;  thus  we  usually  find  those  of  the  cranium  (which  never 
exceed  four  in  number)  much  lai-ger,  and  their  components  more  elabo- 
rated, than  are  those  of  the  caudal  region,  whose  number  is  much  less 
restricted.  So,  again,  one  or  more  of  these  components  may  be  sup- 
pressed, the  centrum  being  the  element  most  uniformly  present :  or,  on 
the  other  hand,  any  one  or  more  of  them  may  be  extraordinarily 
developed.  Thus  in  the  cranium,  especially  of  those  higher  Vertebrata 
whose  cerebrum  is  large,  the  neural  arches  (Fig.  61,  are  enor- 

mously expanded  for  its  reception ;  whilst  the  hasmal  arches  of  the  tlu-ee 
anterioi-  of  these  vertebras  (30-W)  forming  the  bones  of  the  face,  arc 
also  considerably  extended,  and  then-  elements  remarkably  modified 
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iu  form.  In,  the 
trunk,  on  the  other 
haud,  the  neuml 
arches  are  reduced 
to  the  dimeusions  of 
the  spinal  cord  > 
whilst  the  hiBmal 
are  expanded,  chiefly 
by  the  elongation  of 
the  latei-al  isrocesses 
which  are  incorpo- 
rated with  them,  so 
as  to  sm-ro\ind  and 
protect  the  Ndsceral 
mass.  In  front  of 
this  cavity,  we  find 
the  hsemal  portion 
of  the  occipital  ver- 
tebra developed  into 
the  scapulai'  arch 
whilst  be- 
hind it,  the  pelvic 
arch  (62—63^  iy  formed  , 
by  a  Like  develop- 
ment of  the  htemal 
portion  of  one  of  the 
sacral  veiiiebrae ;  and 
it  is  in  the  enormous 
development  of  the 
diverging  appen- 
dages (53—65^  of  these 
vertebrae,  that  the 
anterior  and  poste- 
rior members  origi- 
nate. In  the  caudal 
region,  the  periphe- 
ral portions  of  the 
veii;ebr£e  are  gradu- 
ally suppressed;  un- 
til at  last  nothing 
remains  but  the  cen- 
trum.* 

*  The  views  of  Profes- 
sor Owen,  as  set  fortli  in 
his  masterly  works  on  the 
"Homologies  of  theVer- 
tebrated  Skeleton,"  and 
on  the  "  Nature  of 
Limbs,"  as  also  in  his 
' '  Lectures  on  Compara- 
tive Anatomy,"  vol.  ii., 
are  here  followed. 
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56.  The  Vertebral  skeleton,  as  a  whole,  is  veiy  differently  developed  in 
various  pai-ts  of  the  series.  Thus  in  the  '  apodal'  Fishes,  locomotion  i^  per- 
formed by  flexion  of  the  body  itself;  and  here,  as  in  the  Worm  tribe  we 
hnd  the  skeleton  extremely  flexible,  and  its  divisions  indistinct,  the  spinal 
column  being  a  continuous  cylinder  of  cartilage  ^vith  scarcely  a  trace  of 
segmentation.  In  the  Serpent  tribe,  again,  which  is  destitute  of  loco- 
motive ajjpendages,  the  vertebrae  are  extraorcUnarily  multiplied,  and  are 
so  connected  by  ball-and-socket  joints,  that  the  entire  column  possesses 
a  most  extraorcUnary  degi-ee  of  flexibiHty.  In  proportion,  however,  as 
distinct  members  are  developed,  and  the  power  of  locomotion  is  committed 
to  theni,  we  find  the  firmness  of  the  spinal  column  increasing,  and  its  flexi- 
bility diminishing :  and  in  Birds — in  which,  as  in  Insects,  the  movements  of 
the  body  through  the  air  are  effected  by  muscles  that  must  have  very  fii-m 
poijits  of  support — the  vertebral  column  is  much  consolidated  by  the  union 
of  its  different  parts,  so  as  to  form  a  compact  fi-amework.  As  a  general 
rule,  then,  the  mobility  of  the  extremities,  and  the  firmness  of  the  vertebral 
column,  vary  in  a  converse  proportion.  The  number  of  these  extremities  in 
Yertebrata,  never  exceeds /owr;  and  two  of  them  ai-e  not  unfrequently 
absent.  The  power  of  locomotion  is  not  developed  to  nearly  the  same 
proportional  extent  as  in  the  Articulata;  the  swiftest  Bii-d,  for  examjile, 
not  passing  through  nearly  so  many  times  its  own  length  in  the  same 
period,  as  a  large  proportion  of  the  Insect  tribes :  but  it  is  far  greater 
than  that  which  is  characteristic  of  the  Mollusca ;  and  there  is  no  species 
that  is  fixed  to  one  spot,  without  the  power  of  changing  its  place.  On 
the  other  hand,  the  highest  Mollusca  approach  them  very  nearly  in  the 
development  of  organs  of  special  sense,  of  which  Vertebrata  almost 
invariably  possess  all  four  kinds — sight,  hearing,  smell,  and  taste. 

57.  A  like  union  of  the  characters  of  the  Articulated  and  Molluscous 
sub -kingdoms,  may  be  noticed  in  the  general  relations  which  the  organs 
of  Nutritive  and  those  of  Animal  life  bear  to  one  another.  The  former, 
contained  in  the  cavities  of  the  trunk,  are  highly  developed ;  but,  as  in 
the  MoUusca,  they  are  for  the  most  part  unsymmetrically  disposed.  Of 
the  latter,  the  nervous  system  and  organs  of  the  senses  occupy  the  head, 
whilst  the  muscles  of  locomotion  are  principally  connected  with  the 
extremities ;  both  are  symmetrical,  as  in  the  Articulata;  but,  whilst  that 
part  of  the  nervous  centres,  which  is  the  instrument  of  reason,  is  very 
largely  developed,  the  portion  which  is  specially  destined  to  locomotion, 
together  with  the  muscular  system  itself,  bears  much  the  same  proportion 
to  the  whole  bulk  of  the  body,  as  it  does  in  the  Articulated  series.  Hence 
we  observe  that  the  Yertebrata  unite  the  unsymmetrical  aj^paratus  of 
nutrition,  characteristic  of  the  Mollusca,  with  the  symmetrical  system  of 
nerves  and  muscles  of  locomotion,  which  is  the  prominent  characteristic 
of  the  Articulata ;  both,  however,  being  rendered  subordinate  to  the  gi-eat 
purpose  to  be  attained  in  their  fabric — ^the  development  of  an  organiza- 
tion through  which  intelligence  may  peculiarly  manifest  itself.  For  the 
operation  of  this,  a  degree  of  general  perfection  is  required,  which  is  not 
manifested  elsewhere ;  and,  in  order  that  the  body  may  be  always  in  a 
state  of  readiness  for  active  exertion,  it  is  requisite,  not  merely 
that  it  should  be  adequately  nourished,  but  that  it  should  be  constantly 
maintained  at  a  high  temperatui-e.  This  is  fully  the  case,  however,  with 
only  the  two  higher  classes  of  Yertebrata;  which,  in  their  power  of  gene- 
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i^atin-  sufficient  heat  to  counteract  the  effect  of  external  vicissitudes,  and 
n  ihe  uniformity  of  their  rate  of  vital  activity,  contrast  strikingly  with 
he  Invertebrated  classes.  Indications  of  a  like  power,  however,  though 
^s  enlrgetic  in  its  operation,  are  presented  in  Reptiles  and  Fishes.  The 
IiTaUenance  of  a  constantly-high  temperature,,  and  tl- suppo^^^^^^^ 
system  under  the  demands  created  by  its  unceasing  activity,  involve  an 
ener-etic  performance  of  the  functions  of  respiration  and  circulation ,  and 
these"  again  require  a  constant  supply  of  aUmentary  material  and  great 
acti^t^in  the  process  of  digestion.  The  Digestive  apparatus  usually 
presents  a  high  degree  of  specialization;  its  simplest  forms  (as  among  the 
Invertebrata)  being  found  in  those  tribes  which  obtain  their  food  by 
the  suction  of  animal  juices,  and  its  most  comphcated  m  the  vegetable- 
feeders  Not  only  do  we  almost  invariably  find  the  stomach  anatomically 
separated  by  valvular  constrictions  from  the  oesophagus  and  intestmal 
tube,  but  it  is  completely  differentiated  from  them  in  function  also;  the 
intestine  itself  generally  exhibits  varieties  of  conformation  and  of  endow- 
ments in  different  parts  of  its  course ;  and  the  number  and  complexity  of 
its  accessory  glands  is  greatly  augmented.  The  anterior  part  (considenng 
the  animal  as  placed  horizontally)  of  the  visceral  cavity  is  usually  occu- 
pied by  the  heart  and  respiratoiy  organs,  and  the  posterior  by  the  diges- 
tive and  excretory  apparatus  ;  it  is  only  in  Mammals,  however,  that  the 
separation  between  these  portions  is  completely  made,  by  the  interposition 

Fia.  62. 


Ideal  Section  of  a  Mammal,  iUustrating  the  Vertebrate  tfpe  of  structure  :— p,  pectoral  ex- 
tremitiea  ;  v,  ventral  extremities ;  as,  anus ;  o.?i,  organ  of  nearing  ;  h,  brain  ;  ch,  eh,  spinal 
chord;  d,  diaphragm;  ep,  epiglottis ;  g,  stomach;  h,  heart ;  i,  intestine  ;        jaws ;  k,  Indney  ; 

liver;  it/,  lung;  m,m,  muscles;  ce,  ossophagus ;  ol,  organ  of  smell;  op,  organ  of  vision; 
OS,  mouth,  containing  organ  of  taste;  p,  pancreas;  s,  spleen;  sTc,  sh,  skeleton;  t,  trachea; 
U,  testis ;  n,  urinary  bladder ;  v,  v,  vertetjral  column. 


of  a  diaphragm.  The  general  cavity  of  the  body  is  now  altogether  cut-off 
from  participation  in  the  transmission  of  nutritive  fluid ;  a  special  system 
of  vessels  being  interposed  for  the  absorption  of  sanguifying  materials, 
alike  from  the  digestive  cavity,  and  from  the  interstitial  lacunse  of  the 
tissues  generally,  and  for  the  introduction  of  these  into  the  blood-current ; 
whilst  the  proper  sanguiferous  system  of  vessels  forms  a  completely-closed 
circuit.    All  Vertebrata  (save  the  Amphioxus)  have  red  blood,  which  is 
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piit  in  motion  by  a  single  distinct  muscular  organ,  the  Heart;  and  the 
Kespiratoiy  organs,  whether  formed  for  aquatic  or  for  atmospheric  respira- 
tion, are  always  placed  in  immediate  connection  with  that  organ,  so  as  to 
receive  a  stream  of  blood  directly  from  it.  The  respiratory  apparatus, 
moreover,  always  draws-in  its  supplies  of  the  aerating  medium,  whether 
aJT  or  water,  through  the  mouth;  and  these  supplies  axe  renewed  by 
means  of  rhythmical  muscular  movements,  sustained  by  an  automatic 
action  of  the  nervous  system.  The  rest  of  the  apparatus  for  the  depui-a- 
tion  of  the  blood  presents  a  very  high  development  in  the  Vertebrated 
classes;  the  structure  of  the  glands  by  which  it  is  effected  being  such,  as 
to  combine  the  greatest  functional  activity  with  the  closest  concentration 
of  the  organic  mechanism  concerned  in  it. 

58.  The  power  of  Eeproduction  by  gemmation  is  limited  in  this  series  to 
the  reparation  of  lost  or  injured  parts,  and  nowhere  extends  (save  at  an 
early  period  of  the  evolution  of  the  germ,  when  its  grade  of  development 
con-esponds  with  that  of  the  simpler  Zoophytes*)  to  the  multiplication  of 
independent  '  zooids.'  The  two  kinds  of  generative  organs  being  never 
combined  in  the  same  individual,  the  concurrence  of  two  of  opposite  sexes 
is  required  for  each  generative  act.  In  the  lower  Vertebrata,  it  is  sufficient 
that  the  products  of  the  male  and  female  organs  should  come  into  contact 
after  their  extrusion  from  the  body;  but  in  the  higher,  the  ova  are 
fertilized  while  yet  within  the  body  of  the  female,  and  are  commonly 
retained  there  for  a  shorter  or  longer  time  afterwards.  In  nearly  all 
Yertebrata,  the  young  animal,  when  it  first  comes  forth  into  the  world, 
has  the  characters  of  the  class  to  which  it  belongs ;  and  those  of  its  order, 
family,  genus,  and  species,  if  not  at  once  distinguishable,  speedily  become 
so,  the  special  type  being  evolved  out  of  one  more  general,  without  any 
true  metamorphosis  :  such  a  metamorphosis,  however,  does  take  place  in 
one  remarkable  group,  that  of  Amphibia  or  Batrachian  EeptUes;  the 
members  of  which  come  forth  from  the  egg  in  the  form  and  condition  of 
Fishes,  and  gradually  assume  that  of  Reptiles  by  a  series  of  changes  in 
which  every  part  of  their  organism  is  concerned. 

59.  The  Vertebrate  type  of  structure  displays  itself  under  four  principal 
aspects ;  in  comparing  which  we  can  scarcely  fail  to  recognise  the  difference 
so  frequently  insisted-on,  between  grade  and  plan  of  development.  For 
the  Physiologist  has  no  hesitation  in  affirming,  that,  whilst  each  of  the 
classes  of  Fishes,  Reptiles,  Birds,  and  Mammals,  has  a  certain  charac- 
teristic conformation  that  is  typical  of  it,  they  may  be  regarded  as  parts 
of  a  series,  which  on  the  whole  ascends  with  considerable  regularity  from 
the  lowest  Fish  to  the  highest  Mammal;  since  he  traces  in.  every  one  of 
the  chief  divisions  of  the  organism,  alike  in  the  apparatus  of  animal  and 
in  that  of  vegetative  life,  a  gradual  progress  from  a  simpler  and  more 
4'eneral  to  a  more  elaborate  and  specialized  type.  This  is  peculiarly 
obvious  in  the  organs  of  Circulation  and  Respiration,  and  in  those  of  Re- 
production; and  it  is  from  these,  accordingly,  that  the  Naturalist  di-aws 
his  best  characters  for  the  separation  of  the  four  classes  in  question. 
Thus  in  Fishes,  which  are  specially  adapted  for  an  aquatic  life,  the 

*  The  admission  of  this  exception  will  be  hereafter  shown  (chap,  xi.)  to  be  requii-ed  by 
the  present  state  of  our  knowledge  in  regard  to  the  formation  of  double  monsters. 
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aeration  of  the  blood  is  accomplished  by  gills,  as  in  the  _Mollu.sca,  and  the 
heax-t  (as  in  that  sub-kingdom)  possesses  only  a  single  auricle  and  ventricle ; 
S  the  relation  of  the  heart  to  the  brancliia  circulation  and  the  mecha- 
n  cal  aii-angements  for  renewing  the  water  m  contact  with  the  gills  are 
sx^^  to  afford  to  the  blood  of  this  class  a  far  higher  degree  of  oxygenation, 
han  That  wHch  the  cii-culating  fluid  of  the  Mollusks  can  receive.  The 
three  higher  classes  of  Yeitebrata  are  organized  for  ^t'^«^Plf.^;j«  f^^P":^ 
tion;  but  to  this,  in  Reptiles,  only  a  part  of  the  blood  is  subjected  the 
heart  usuaUy  possessing  only  three  cavities  and  the  blood  transmitted  to 
the  system  being  a  mixture  of  that  which  has  been  just  returned  from  it 
in  a  venous  condition,  with  blood  that  has  been  arteriahzed  by  trans- 
mission thi-ough  the  kmgs.  On  the  other  hand,  m  Birds  a,nd  Mammals, 
the  arrangement  of  the  cii-culating  apparatus  is  such,  that  the_  pulmonary 
and  systemic  circulations  are  completely  separated,  each  having  its  own 
heai-t,  and  the  one  foUowingupon  the  other;  so  that  the  whole  current  of 
blood  is  alternately  transmitted  to  the  system  and  to  the  lungs,  aad 
what  has  returned  from  the  tissues  in  a  venous  state  is  entirely  oxygen- 
ated before  being  transmitted  to  them  a  second  time.  But  these  two 
classes,  whilst  separated  from  Fishes  and  ReptHes  by  the  type  of  circu- 
lating and  respirating  apparatus  which  they  both  present,  are  separated 
from  each  other  by  the  mode  in  which  their  generative  function  is 
perfoi-med;  Birds,  like  Fishes  and  ReptUes,  being  oviparous ;  _  whilst 
Mammals  retain  their  ova  within  thefr  bodies,  until  the  embiyo  is  suffi- 
ciently advanced  in  its  development  for  it  to  be  nourished  externally  by 
mammary  suction. — As  the  structure  and  action  of  the  principal  organs 
of  Yertebrata  will  hereafter  be  considered  in  detail,  it  will  be  sufficient 
here  to  indicate  the  general  plan  of  conformation  which  prevails  in  each 
class  respectively,  and  especially  that  part  of  it  which  is  exhibited  in 
the  structure  of  the  skeleton. 

60.  The  skeleton  of  Fishes  departs  less  from  the  'archetype,'  than 
does  that  of  either  of  the  other  classes ,:  but  it  presents,  nevertheless, 
certain  special  modifications,  that  adapt  it  to  the  peculiar  conditions 
imder  which  these  animals  are  destined  to  exist.  Thus  with  a  low  deve- 
lopment of  the  neural  arches  of  the  cranial  vertebrae,  in  conformity  with 
the  small  size  of  the  brain,  we  find  the  haemal  arches  of  great  size ;  the 
greater  part  of  their  expansion  being  destined  to  give  to  the  buccal 
apparatus  the  power  of  prehension,  which  is  necessitated  by  the  absence 
of  prehensile  power  in  the  limbs ;  whilst  certain  of  their  elements  are 
specially  adapted  to  afford  support  and  protection  to  the  respiratory 
apparatus.  So  in  the  conformation  of  the  skeleton  of  the  trunk,  we  find 
its  lowness  of  type  indicated  by  the  'vegetative  repetition'  of  similar 
parts ;  the  vertebral  segments  differing  much  less  from  each  other,  than 
they  do  in  any  of  the  higher  animals  save  Serpents,  so  that  no  distinction 
into  regions  is  marked-out.  The  vertebrae,  too,  are  very  loosely  framed 
together,  so  that  great  freedom  of  motion  is  permitted  in  a  lateral 
direction;  the  support  everywhere  given  by  the  medium  which  these 
animals  inhabit,  preventing  the  necessity  that  exists  in  higher  animals 
for  such  a  close  connection  of  different  parts  of  the  framework,  as  shall 
enable  it  to  rest  securely  on  a  limited  number  of  points.  The  most 
remarkable  peculiarity  wMch  this  condition  involves,  is  the  cupped  form 
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A,  Oblique  view  of  the  Vertehra  of  a  Cod ;  B,  Section  of 
three  connected  vertebra;,  shomng  the  intervertebral  spaces. 


of  each  of  the  surfaces  of  the  '  centra'  or  bodies  of  the  vertebrae  (Fig.  63), 

which  work  over  an  inter- 
vening  series  of  doubly-con- 
■*■  ^  vex  intervertebral  capsules, 

in  such  a  manner  as  to  im- 
part great  freedom  of  move- 
ment to  the  entire  column. 
It  is  by  lateral  strokes  of 
the  taU  and  posterior  part 
of  the  trunk,  whose  surface 
is  extended  by  the  vertical 
median  fins,  that  the  acts 
of  locomotion  are  chiefly 
effected ;  the  functions  of 
the  pectoral  and  ventral 
fins,  which  answer  to  the 
anterior  and  posterior  mem- 
bers of  higher  animals, 
being  generally  limited  to 
balancing  the  body  and 
changing  its  direction. 
There  are  certain  cases, 
however,  in  which  the  enormous  development  of  the  pectoral  fins  enables 
them  to  serve  as  the  special  instruments  of  locomotion ;  and  when  this  is 
the  case,  the  spinal  column  is  shorter  and  less  flexible  than  usual.  The 
'  rays'  upon  which  the  median  fins  (dorsal,  caudal,  and  anal)  are  supported, 
belong,  not  to  the  vertebral  but  to  the  dermal  skeleton ;  as  do  also,  it  seems 
probable,  the  intercalary  bones  that  support  them,  which  are  implanted 
between  the  neural  spines  of  the  vertebrae.  In  the  pectoral  fins,  which  are 
always  situated  immediately  behind  the  head,  in  connection  with  the  occi- 
pital segment  from  whose  haemal  arch  they  are  developed,  the  arm  and  fore- 
arm do  not  manifest  themselves  externally,  being  hidden  within  the  trunk; 
the  extended  sui-face  of  these  fins  is  consequently  given  by  the  elongation 
and  multiplication  of  the  carpal,  metacarpal,  and  phalangeal  bones ;  and 
their  movements  are  limited  to  flexion  and  extension  at  the  wrist-joint. 
There  is  no  sternum  in  Fishes,  the  haemal  arches  of  the  dorsal  vertebrae 
being  never  closed- in  beneath;  and  the  scapular  arch  is  consequently 
destitute  of  the  support  which  it  elsewhere  derives  from  that  bone,  being 
only  completed  by  the  meeting  of  the  coracoids  on  the  median  line.  The 
ventral  fins,  which  are  formed  upon  the  same  general  plan  with  the 
pectoral,  have  no  fixed  position :  for  the  pelvic  arch  is  not  connected 
with  the  spinal  column  in  any  other  way  than  by  a  ligamentous  band, 
and  there  is  no  siich  consolidation  of  two  or  more  vertebral  centra  for 
its  support,  as  elsewhere  constitutes  a  '  sacrimi.'  In  those  fishes  espe- 
cially, which  enjoy  a  considerable  range  of  depth,  the  ventral  fins  are 
advanced  towards  the  head,  being  sometimes  situated  even  in  front  of 
the  pectorals.— The  dermal  skeleton  of  Fishes  is  usually  more  developed 
than  it  is  in  the  higher  classes,  and  comes  into  closer  connection  mth 
the  neuro-skeleton.  It  sometimes  forms  a  complete  bony  envelope  to 
the  entire  body,  and  seems  to  have  done  so  especially  in  the  Fishes  of  the 
earlier  periods  of  the  world's  Hstory;  but  the  general  investment  more 
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commonly  consists,  in  the  existing  Fishes,  of  thm  plates,  whose  structui-e 
is  essentiaUy  cartilaginous,  though  ti-ue  osseous  tissue  is  stiU  commonly 
found  in  the  dermal  'rays'  and  intercalary  bones  which  support  the 
median  fins  To  the  dermal  skeleton,  moreover,  may  be  reien-ed  the 
Teeth  •  which  in  this  class  approximate  much  more  closely  m  structure 
to  bone,  than  they  do  in  ReptUes  or  Mammals;  and  become  more  inti- 
mately connected  with  the  bones  of  the  jaw,  so  as  to  be  even  joined-on 
to  them  by  continuous  ossification. 

61  In  the  Muscular  and  the  Neiwous  apparatus,  we  observe  the  same 
tendency  to  vegetative  repetition  of  similar  parts,  coupled  with  special 
developments  for  pai-ticular  purposes,  as  we  have  noticed  m  the  skeleton; 
and  the  cephalic  centres  of  the  latter  are  remarkable  for  the  very  small 
size  of  the  Cerebrum,  in  proportion  to  that  of  the  sensorial  centres.  _  The 
Sympathetic  system  of  nerves,  moreover,  is  not  distinctly  differentiated 
in  some  of  the  lower  Fishes  from  the  cerebro-spinal ;  and  even  in  the 
higher,  it  retains  a  peculiarly  intimate  connection  with  the  pneumo- 
gfStric  nerve.  The  generative  apparatus  of  Fishes  generally,  although 
ui  some  respects  higher  in  type  than  that  of  the  Invertebrata,  is  lower^  in 
gi-ade  of  development;  there  is  no  intromittent  organ,  the  ova  being 
fertili2;ed,  after  they  have  been  deposited,  by  the  casual  contact  of  water 
through  which  the  male  semen  has  been  diffused.  The  embryo  at  the 
time  of  its  emersion  from  the  egg,  is  far  from  having  acquired  all  its 
parts  and  organs,  and  depends  for  some  time  upon  the  store  of  food 
contained  in  the  yolk-bag  which  hangs  down  from  the  abdomen;  and 
the  young  receives  no  care  or  sustenance  from  its  parents.  In  the  higher 
Cartilaginous  fishes,  on  the  other  hand,  there  is  a  true  sexual  congress, 
so  that  the  ova  are  fertilized  within  the  body;  and  they  are  sometimes 
delayed  there  until  an  advanced  period  of  the  evolution  of  the  embryo, 
deriving  additional  supplies  of  nutriment  from  the  parent  during  the 
latter  part  of  this  period.  And  it  is  worthy  of  special  remark,  that  with 
this  prolongation  of  the  period  during  which  the  embryo  is  supported 
from  external  sources,  a  much  higher  grade  of  development  is  ultimately 
attained  by  many  organs,  especially  by  the  nervous  system. 

62.  The  class  of  Reptiles  includes  a  collection  of  animals  of  very  diver- 
sified conformation,  which  nevertheless  agree  in  certain  leading  pecu- 
liarities of  anatomical  structure  and  physiological  afction,  that  distinguish 
them  from  all  other  Yertebrata.  They  are  for  the  most  part  adapted  to 
inhabit  the  surface  of  the  earth,  along  which  they  creep  or  crawl,  rather 
than  nm  or  leap ;  and  those  which  live  in  water  are  obliged  (with  few 
exceptions)  to  come  to  the  surface  to  breathe.  The  arrangement  of  their 
circulating  and  respiratory  apparatus,  however,  being  such  as  to  aerate  only 
a  part  of  the  blood-current,  their  demand  for  oxygen  is  far  less  energetic 
than  that  which  exists  in  other  Vertebrata :  and  they  can  endure  a  longer 
privation  of  it.  This  want  of  respiratory  activity  is  (so  to  speak)  the 
manifestation  of  that  general  inertness,  both  of  the  organic  and  of  the 
animal  functions,  which  is  the  distinguishing  physiological  character  of 
the  class.  Their  demand  for  food  is  not  frequently  repeated,  and  they 
can  sustain  a  very  long  privation  of  it ;  their  perceptions  are  obtuse,  and 
their  movements  are  sluggish ;  altogether  they  may  be  said  to  live  very 
slowly,  though  their  degree  of  vital  activity  varies  with  the  temperatm-e. 
There  is  a  marked  general  accordance,  again,  among  all  the  orders  of 
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Reptiles,  in  the  degree  of  development  of  the  cerebrum,  as  compared 
with  the  sensorial  centres ;  this  being  intermediate  between  the  almost 
rudimentaiy  condition  under  which  that  organ  usually  presents  itself  in 
Fishes,  and  the  greatly-augmented  size  wliich  it  possesses  in  Bh-ds. 

63.  The  differences  between  Frogs,  Serpents,  Lizards,  and  Turtles,  arc 
most  apparent  in  the  skeleton;  but  these  depend  rather  upon  the 
suppression  of  certain  parts,  and  upon  the  excessive  development  ol" 
others,  than  upon  any  essential  divei'sity  of  type.  The  skeleton  of  a 
Lizard,  at  the  first  view,  does  not  present  any  marked  difference  from 
that  of  a  Mammal.  We  find  an  evident  distinction  between  neck,  trunk, 
and  tail ;  and  both  the  anterior  and  posterior  extremities  now  have  a  fixed 
position,  and  are  so  connected  with  the  spinal  column  that  the  weight 
of  the  body  may  be  supported  on  them.  In  no  existing  Reptiles,  how- 
ever, are  more  than  two  vertebrae  united  to  form  a  sacrum ;  so  that  the 
junction  of  the  pelvic  arch  with  the  spinal  column  cannot  possess  the 
same  firmness  as  in  Mammals,  whose  sacrum  is  usually  composed  of 
from  four  to  six  segments.  The  total  number  of  vertebrae  is  often  veiy 
considerable,  but  the  multiplication  is  chiefly  in  the  caudal  region;  and 
the  caudal  vertebrae  are  remarkable  for  having  their  haemal  arches  con- 
tinued backwards  like  the  neural,  forming  what  are  known  as  the 
chevron-bones.  The  most  distinctive  peculiarity  in  the  skeleton  of  the 
trunk,  is  the  backward  prolongation  of  the  sternum  and  of  the  sternal 
ribs  over  a  considerable  part  of  the  abdominal  region.  The  bones  of  the 
extremities  are  externally  formed  nearly  upon  the  plan  of  those  of 
terrestrial  Mammals;  but  differ  from  them  in  the  inferior  degree  of  deve- 
lopment of  processes 
for  muscular  attach- 
ment, and  in  having 
no  mediillary  cavity, 
then-  interior  being 
occupied  thi'oughout 
by  cancellated  struc- 
ture. Their  dimen- 
sions are  proportional 
to  the  weight  which 
they  have  to  sustain, 
and  to  the  use  that  is 
to  be  made  of  them  in 
the  act  of  progression; 
and  we  may  pass  fi'om 
the  order  of  Lizai-ds 
towaj'ds  that  of  Ser- 
pents through  a  con- 
Bimcmm.  Seps.  tinuous  series  of  forms 

(Fig.  64),  in  which  the 

limbs  become  more  and  more  feeble  until  we  lose  all  external  traces  of 
them,  whilst  at  the  same  time  the  body  becomes  more  elongated  and 
serpent-like.  In  the  true  Serpents,  the  locomotive  power  is  entirely 
withdrawn  from  the  limbs  (the  rudiments  of  which,  where  they  exist, 
are  applied  to  the  purpose  of  '  claspers'  in  copulation) ;  and  not  only 
are  the  scapular  and  pelvic  arches  rudimentaiy,  but  the  sterniim  is 
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entii-ely  undeveloped,  so  that  the  extremities  of  the  ribs  are  free,  as  far 
at  least  as  the  eudo-skeleton  is  concerned.  On  the  other  hand,  the  body  is 
immensely  elongated,  cliiefly  by  the  multiplication  of  the  dorsal  ver- 
tebra •  thus  in  the  PytJton,  the  total  number  of  vertebrae  is  422,  of 
which  about  six-sevenths  possess  ribs.  The  spine  is  extremely  flexible; 
and  the  ribs,  whose  extremities  are  connected  with  the  abdominal  scuta 
of  the  integument,  can  be  employed  in  some  degi-ee  as  instruments  of 
procrression,  moving  backwards  and  forwards  beneath  the  skin.  In  the 
elongated,  and  cylindi-ical  form  of  their  bocUes,  in  the  multipHcation  of 
its  segments,  and  in  theii-  mode  of  progression.  Serpents  bear  a  striking 
analogy  to  the  lulidte  (Fig.  Si).  Their  internal  organization  partakes  of 
the  general  elongation ;  for  one  of  the  lungs  (the  other  being  very  little 
developed)  and  the  ovary  extend,  like  the  intestinal  ttibe,  through  a 
large  pai-t  of  the  cavity  of  the  trunk  j  and  the  liver  and  kidneys  are  also 
considerably  lengthened,  although  not  to  the  same  degree.  In  the 
structui-e  of  the  nervo-muscular  apparatus,  there  is  a  remarkable  degree 
of  'vegetative  repetition,'  as  in  the  lower  Articulata;  for  the  spinal 
cord,  although  forming  a  continuous  column,  is  of  nearly  the  same 
diameter  thi-oughout,  resembling  in  this  respect  the  gangliated  ventral 
cord  of  the  Myiiapods ;  and  the  successive  pairs  of  intervertebral  nerves 
which  it  gives  off,  supply  muscles  whose  form  and  arrangement  are 
almost  exactly  the  same,  from  one  end  of  the  body  to  the  other. — In  the 
Batrachian  Reptiles  (Frogs,  &c.),  a  modification  of  precisely  the  opposite 
character  is  superinduced  upon  the  ordinary  Reptilian  conformation; 
for  the  body  is  shortened,  not  merely  by  the  non-development  of  the 
tail  (at  least  in  the  Anowa,  which  are  the  types  of  the  group),  but  also 
by  a  reduction  of  the  number  of  vertebrae  of  the  trunk;  whilst,  on 
the  other  hand,  the  extremities  are  enormously  developed,  locomotion 
being  entirely  performed  by  their  agency;  the  ribs,  moreover,  are  unde- 
veloped, but  the  sternum  is  of  large  size,  so  as  to  give  protection  to  the 
viscera,  as  well  as  attachment  to  the  muscles  which  cover  them. — 
Another  still  more  remarkable  modification  is  presented  in  the  Ghelonia 
(Turtles,  &c.),  which  have  the  body  enclosed  within  a  '  shell'  formed  of  a 
ca/i'apace  and  plastron;  the  carapace  or  dorsal  arch  being  formed  by  the 
coalescence  of  dermal  bones  with  the  expanded  ribs ;  whilst  the  plastron 


Fig.  65. 


Emytatwa  Serpmitina, 

or  ventral  shield,  is  formed  by  an  expansion  of  the  sternum  and  sternal 
libs,  still  further  extended  Ijy  the  development  of  portions  of  the  dermal 
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skeleton  in  continuity  witli  tliem.  The  spinal  column  is  here  com- 
pletely immovable,  the  vertebraj  being  anchylosed  to  each  other  and  to 
the  carapace ;  so  that  the  act  of  locomotion  is  completely  delegated  to 
the  extremities,  the  bones  of  which  are  highly  developed,  A  tiunsition 
between  the  Chelouia  and  the  Sauria  is  established  by  such  animals  as 
the  Emysaura  (Fig.  65);  which  have  the  shell  so  contracted,  and  the 
neck,  tail,  and  limbs,  so  much  elongated,  that  these  cannot  be  draAvn 
within  it ;  and  which  have  at  least  as  much  of  the  Alligator  as  of  tlie 
Tortoise  in  their  general  habits. — Besides  the  existing  orders  of  Reptiles, 
we  are  acquainted  with  fossU  remains,  which  must  be  referred  to  this 
class,  but  for  the  reception  of  which  three  additional  orders  must  be 
formed ;  and  it  is  interesting  to  remark  that  these  orders  may  be  consi- 
dered as  representing  the  other  three  classes  of  Vertebrata.    Thus,  the 


Fig.  66. 


Skeleton  ol'  Ichihi/osaurus. 


Enaliosauria,  of  which  the  Ichthyosaurus  (Fig.  66)  and  the  Plesiosam-us 
(Fig.  G7)  are  the  types,  are  Lizard-like  animals  adajited  to  lead  the  life 
of  Fishes;  their  vertebrae  being  biconcave  as  iu  that  class,  and  the 

Fig.  67. 


Skeleton  ol'  Flesiosaurus. 


whole  skeleton  of  the  trunk  having  an  extraordinary  mobility;  but  the 
act  of  locomotion  having  been  cliiefly  performed  by  the  members,  which 
are  constnicted  rather  upon  the  plan  of  the  paddles  of  the  Cetacea 
(though  with  a  'vegetative  repetition'  in  the  number  of  phalangeal 
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bones)  and  are  connected  with  the  spine  hj  scapulai-  aaid  pelvic  arches 
of  remarkable  strength.— So,  again,  in  the  Pterodactylus  we  find  the 
ordinary  Sam-ian  tyi^e  adapted  to  a  Bii-d-like  life  :  the  chief  modification 
being  in  the  anterior  extremities,  which  have  a  single  digit  enormously 
lentrthenedfor  the  support  of  a  wing-like  expansion  (Fig.  1);  but  various 
peculiarities,  bearing  upon  the  same  end,  being  observable  m  other  parts 
of  the  skeleton,  which  were  doubtless  connected  with  analogous  modi- 
fications of  its  internal  organization.  Of  these,  the  hoUowness  of  the 
wing-bones,  which  so  sti'ongly  resemble  those  of  certain  longipennate 
Birds  as  even  to  have  been  mistaken  for  them,  is  one  that  is  interesting 
from  its  physiological  relations. — Lastly,  the  Mammalia  seem  to  have  been 
represented  in  the  order  Dinosauria,  consisting  of  gigantic  Reptiles  which 
were  elevated  upon  much  longer  limbs  than  existing  Lizards;  for  their 
skeletons  present  several  features  of  analogy  to  that  class,  the  surfaces^  of 
the  vertebrse  being  generally  flattened,  the  ribs  being  connected  with 
the  vertebrse  by  a  double  articulation,  at  least  five  vertebrae  being  con- 
solidated into  a  sacrum,  so  as  to  give  a  very  firm  basis  to  the  pelvic  arch, 
and  the  bones  haAdng  a  central  medullary  cavity. — ISTotwithstanding  these 
and  other  modifications  of  the  Reptilian  type,  its  essential  characters  are 
obviously  maintained  in  all  the  foregoing  orders ;  and  these  are  peculiarly 
manifested  in  the  structure  of  the  cranium. 

64.  The  vertebral  elements  of  the  Reptilian  cranium,  although  not  as 
distinct  from  each  other  as  in  the  Fish,  undergo  far  less  coalescence  than 
in  warm-blooded  animals ;  and  the  number  of  bones  which  remain  sepa- 
rate, is  therefore  very  considerable.  Thus  in  the  Crocodile,  although  one 
of  the  highest  existing  forms  of  the  class,  the  fou.r  pieces  of  the  neui-al 
arch  of  the  occipital  segment,  which  coalesce  to  form  the  '  occipital  bone' 
of  Man,  remain  permanently  distinct ;  so,  again,  the  '  sphenoid  bone'  is 
represented  by  six  pieces,  the  '  frontal  bone'  by  three,  and  the  '  temporal' 
by  four.  In  all  the  scaly  Reptiles,  the  occipital  segment  is  articulated 
with  the  vertebral  column  by  a  single  condyle  formed  by  its  centrum, 
which  is  received  into  a  hollow  in  the  body  of  the  '  atlas'  (or  first  vertebra 
of  the  neck),  just  as  the  convexity  at  the  back  of  each  ordinary  vertebra 
is  received  into  a  concavity  of  the  vertebra  behind  it :  in  the  naked- 
skinned  Batrachia,  however,  the  connection  is  made  by  a  double  condyle, 
— a  character  which  alone  serves  to  distinguish  the  skull  of  any  of  these 
animals,  from  that  of  all  other  Reptiles.  In  the  Perennibranchiate  forms 
of  this  order,  the  general  conformation  of  the  skull,  as  well  as  of  other 
parts  of  the  skeleton,  presents  a  very  close  approximation  to  the  ichthyic 
type.  The  skull  of  Serpents  is  chiefly  remarkable  for  the  extraordinary 
dilatability  of  the  entrance  to  the  mouth ;  which  is  especially  due  to 
the  want  of  union  between  the  two  halves  of  the  lower  jaw  on  the 
median  line,  and  to  the  mobility  of  the  elements  of  the  tympano-mandi- 
bular  arch  with  which  it  is  articulated;  but  partly  also  to  the  imperfect 
a,pproximation  between  the  bones  of  the  upper  jaw,  which  have  only  a 
ligamentous  connection  with  each  other.  In  the  Chelonia,  on  the  other 
hand,  the  component  pieces  of  the  jaws  are  veiy  firmly  united  to  each 
other;  and  an  increased  extent  is  given  in  the  Marine  Turtles  to  the 
surface  of  attachment  for  the  powerful  temporal  muscle,  by  the  addition 
of  a  bony  arch  covering  its  exterior,— this,  however,  not  being  an  entirely 
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new  Structure,  but  beiug  formed  by  cxpausions  proceeding  from  the 
parietal,  posterior  frontal,  malar,  squamosal,  and  mastoid  bones.  With 
the  exception  of  the  Chelonia,  nearly  all  ReptUes  possess  a  dental  appa- 
ratus, which  is  intermediate  in  its  sti-uctiu-e  and  mode  of  development 
between  that  of  Fishes  and  that  of  Mammals.  For,  save  among  a 
few  extinct  genera,  all  Reptiles  possessing  teeth  exhibit  more  or  less  of 
approximation  to  the  formation  of  sockets  for  theii-  reception;  and  a 
veiy  interesting  con-espondence  may  be  traced  between  the  various 
grades  of  such  approximation,  and  the  successive  stages  of  dental  deve- 
lopment in  the  embryo  of  higher  animals.  Thus  whilst,  in  the  extinct 
Mososaim-us,  the  tooth  is  simply  anchylosed  at  its  base  to  the  mai'gin  of 
the  jaw  (Fig.  68), — no  dental  groove  having  ever  been  formed,  but  only 


PiQ.  68. 


Skull  of  Moaoaav/rus. 


dental  papillse, — in  the  greater  number  of  ordinaiy  Lizards  and  Frogs, 
the  alveolar  ridge  is  elevated  on  the  outer  margin  of  the  jaw  (the  teeth 
being  auchylosed  to  it),  so  as  to  form  the  outer  wall  of  the  dental  groove, 
as  in  a  Human  embryo  of  about  the  7th  week ;  in  the  extinct  Ichtliyo- 
saurus,  this  groove  is  completed  by  a  coiTesponding  elevation  of  the  inner 
margin  of  the  jaw,  and  an  indication  is  presented  of  transverse  division 
into  sockets,  as  in  a  Human  embryo  somewhat  more  advanced;  in  most 
Serpents  and  some  Batrachia,  the  teeth  are  surrounded  by  shallow 
sockets,  to  which  theii-  bases  become  adherent;  whilst  in  the  extinct 
Plesiosaii/rus  and  the  whole  Crocodilian  group,  the  sockets  are  deep 
enoiTCfh  to  give  firm  hold  to  the  teeth,  which  remain  free  as  in  Mammals. 
The  base  of  the  teeth  in  ReptUes,  however,  is  seldom  contracted  into  a 
'  fang' ;  and  in  no  instances  are  Reptilian  teeth  implanted  like  those  of 
Mammals  by  diverging  fangs.  The  foi-m  and  structure  of  the  teeth  in 
this  class  are  for  the  most  part  conformable  to  one  simple  plan,  thei-e 
being  veiy  little  differentiation  as  to  either;  they  seldom  depai-t  much 
from  the  simple  cone,  more  or  less  acute  at  its  point,  and  are  obviously- 
adapted  more  for  seizing  and  holding  prey,  than  for  dividing  and  masti- 
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catin-food:  and  their  most  remarkable  modifications  one  for  carnivo- 
rouT(FTg  G9),  and  the  other  for  herbivorous  regimen  (Fxg.  70),  are  seen 

Fig.  69. 


Portion  of  jaw  ot  Megalosmirus. 
Fig.  70. 


Portion  of  lower  jaw  and  teeth  ot  Iguanodon. 

in  two  genera  of  the  extinct  order  of  Dinoscmria,  which  in  many  other 
particulars  appear  to  have  approached  Mammalia.  In  the  entire  order 
of  Chelonia,  the  teeth  are  replaced  by  a  horny  beak,  which  is  developed, 
lilce  the  teeth,  from  a  number  of  distinct  papillse  along  the  margins  of  the 
jaw-bones;  and  the  same  is  the  case  with  the  larvae  of  the  £atrachia, 
which,  however,  cast  off  the  beak  when  they  assume  the  perfect  Rep- 
tilian condition,  their  jaws  then  becoming  furnished  with  teeth. 

65.  The  class  of  Birds  may  be  considered  as  the  2yhi/siological  antitliesis 
to  that  of  Reptiles ;  its  of  development  being  far  more  completely 
opposed  to  that  which  prevails  in  the  last-described  class,  than  is  that  of 
Mammals;  though  as  regards  the  grade  of  development  of  the  greater 
number  of  their  organs.  Birds  are  manifestly  intermediate  between  Rep- 
tiles and  Mammals. — Taken  as  a  whole,  the  members  of  this  class  exhibit 
a  remarkable  conformity  to  one  general  type,  presenting  in  this  respect  a 
marked  contrast  to  the  diversity  which  we  have  seen  to  prevail  amongst 
Reptiles ;  and  this  conformity  is  both  structural  and  physiological,  being 
shown  alike  in  the  jilan  of  organization,  and  in  the  working  of  the  organic 
mechanism.  They  have  been  denominated,  and  not  inappropriately, 
"  the  Insects  of  the  Vertebrated  series ;"  possessing  as  they  do  a  series  of 
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adaptations  for  passing  tteir  Uves,  not  upon  tlio  solid  gi-ound,  nor  in 
water,  but  in  the  elastic  and  yielding  air,  wliich  are  very  analogous 
(though,  from  the  difference  between  the  Vertebrated  and  Articulated 
tyi^es,  they  cannot  be  homologous)  to  those  which  form  the  essential 
characteristics  of  Insects.  This  is  especially  obvious  in  the  extension 
given  to  the  respii-atory  apparatus  through  a  large  part  of  the  fabric; 
which  has  the  double  effect  of  adding  to  the  respiratory  surface,  in  the 
degree  necessary  for  that  perfect  oxygenation  of  the  blood  which  is 
required  to  sustain  their  wonderful  activity  of  movement,  and  of  dimi- 
nishing the  specific  gravity  of  the  body  by  the  substitution  of  air  for 
more  weighty  matters.  Birds,  again,  resemble  Insects  in  the  complete 
delegation  of  the  locomotive  power  to  the  members,  and  in  the  consoli- 
dation of  the  skeleton  of  the  trunk;  and  the  movements  of  flight  are 
performed  in  a  manner  essentially  the  same,  although  the  wing  of  the 
Bird  has  no  'anatomical  relation  to  that  of  the  Insect,  being  rather  the 
representative  (so  far  as  any  part  of  a  Yertebrated  animal  can  represent 
a  part  of  an  Articulated)  of  its  anterior  legs. — Birds  stand  in  remarkable 
contrast  with  Reptiles,  moreover,  in  the  energy  with  which  all  their 
vital  operations  are  performed.  The  high  degree  of  nervo-muscular 
activity  which  they  put  forth,  can  only  be  kept-up  by  a  very  energetic 
performance  of  the  nutritive  processes;  and  this  involves,  and  is  at  the 
same  time  subservient  to,  the  maintenance  of  a  very  elevated  temperature 
(100° — 112°).  Some  Insects,  during  the  period  of  their  greatest  activity, 
generate  as  much  heat  as  Birds;  but  they  cannot  sustain  this,  and  are 
consequently  liable  (like  cold-blooded  animals  generally)  to  be  reduced  to  a 
state  of  complete  torpidity  by  a  depression  of  external  temperature,  which 
Birds  have  the  power  of  resisting.  In  the  tegumentary  covering  of  Birds, 
we  have  a  most  remarkable  combination  of  attributes ;  for  it  serves  alike 
to  retain  the  animal  heat  within  the  body,  in  virtue  of  its  non-conduct- 
ing power,  and  to  give  the  required  expansion  of  surface  to  the  wings. 
It  is  only  in  a  few  birds  which  are  incapable  of  flight,  that  we  flud  any 
considerable  modification  of  this  important  featui-e ;  the  Penguin,  which 
has  many  Reptilian  affinities,  having  the  feathers  on  the  anterior  mem- 
bers (which  act  as  fins  in  propelling  the  bird  through  the  water) 
metamorphosed  into  the  likeness  of  scales ;  while  in.  the  several  members 
of  the  Ostrich  tribe,  which  usually  have  wings  still  more  undeveloped 
than  those  of  the  Penguin,  and  which  are  only  fitted  for  progression  by 
running  like  Mammals  upon  their  elongated  legs,  the  feathers  present 
closer  and  closer  approximations  to  hairs. 

66.  The  bony  frame- work  constituting  the  Bird's  vertebral  skeleton, 
presents  a  series  of  peculiarities  which  distinguish  it  most  completely 
firom  that  of  other  Yertebrata ;  and,  as  in  Reptiles,  there  is  no  part  more 
characteristic  of  the  class,  than  the  cranium.  Whilst  that  of  Reptiles 
is  remarkable  for  a  permanent  separation  of  a  great  number  of  its  verte- 
bral elements,  that  of  Birds  is  no  less  remarkable  for  the  close  imion 
which  very  early  takes  place  among  these,  so  that  the  sutiu-es  between 
the  different  portions  of  the  neural  arches  are  abolished,  and  the  whole 
brain-case  seems  formed  of  a  single  piece.  The  bones  of  the  face,  how- 
ever, do  not  undergo  the  same  consolidation ;  for  they  are  always  so 
connected  with  those  of  the  crailiimi,  as  to  possess  considerable  mobility; 
and  their  union  among  themselves  is  seldom  complete.    In  the  mode  of 
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aiticulation  of  their  lower  jaw,  Bii-ds  agxee  with  other  Oviparous  Yei-te- 
bi-ata  and  difier  from  Mammals;  for  the  tympanic  portion  of  the  tem- 
poral'bone  remains  distinct  from  the  rest  and  forms   as  in  Keptiles 
and  Fishes,  a  pecUcle  interposed  between  the  jaw  and  the  solid  part  ot 
the  cranium.    Each  ramus  of  the  jaw  is  originally  formed,  as  in  Kep- 
tiles, of  six  pieces;  but  whilst  these  remain  i^ermanently  distmct  m 
Eeptiles,  thefr  coalescence  begins  very  early  in  Bu-ds;  and  this  goes  on 
imtil  the  number  of  pieces  is  reduced  to  thi-ee  on  either  side;  ^^^^sthy 
the  coalescence  of  the  two  which  touch  on  the  median  line,  the  total 
mmiber  of  pieces  is  further  reduced  to  five.    It  is  interesting  to  remark 
that  the  traces  of  the  original  separation  of  these  elements  remam  longest 
in  those  aquatic  Birds,  which  show  in  other  parts  of  their  conformation 
the  closest  approximation  to  the  ReptUian  type.    The  skuU,  as  m  most 
ReptUes,  is  still  articulated  with  the  vertebral  column  by  a  single 
tubercle,  formed  by  the  centram  of  the  occipital  vertebra;  an  incipient 
sepai-ation  of  the  articulating  surface,  however,  into  two  lateral  halves, 
being  occasionally  presented.— The  length  of  the  neck,  and  the  number 
of  vertebra  of  which  it  is  composed,  vary  considerably  m  the  different 
tribes  of  birds,  and  seem  in  each  to  have  reference  to  its  own  peculiar 
requirements;  thus  in  the  long-legged  Waders  and  Struthious  birds,  the 
neck  seems  elongated  for  the  purpose  of  enabling  the  head  to  Teach  the 
ground  without  flexure  of  the  limbs;  whilst  in  the  Swan  and  other 
short-legged  aquatic  birds,  we  find  a  similar  elongation,  the  jDui-pose  of 
which  is  obviously  to  allow  the  bill  to  be  plunged  deep  into  the  water  in 
search  of  food,  whilst  the  body  is  floating  on  the  surface.    The  tail,  on 
the  other  hand,  is  always  very  short,  or  even  almost  rudimentary;  and 
it  serves  no  other  purpose  than  to  support  the  tail-feathers,  by  whose 
agency  the  birds  of  active  flight  are  steered  as  by  a  rudder.    Whilst  the 
cervical  vertebrae  are  connected  with  each  other  in  sucli  a  manner  as  to 
ensiu-e  great  mobility  (synovial  capsules  being  interposed  between  their 
articulating  surfaces,  in  the  place  of  intervertebral  fibro-cartilage),  those 
of  the  dorsal  region  (especially  in  Birds  of  active-flight)  are  so  united,  as 
to  provide  for  the  greatest  fixity  that  is  compatible  with  the  degi-ee  of 
mobility  required  in  the  osseous  framework  for  respiratory  and  other 
purposes.    The  ribs  have  for  the  most  part  a  double  articulation  with 
the  spinal  column ;  and  they  are  prevented  from  moving  too  freely  upon 
each  other,  by  the  splint-like  processes  ('  diverging  appendages')  which 
project  fi-om  the  posterior  margin  of  each,  and  overlap  the  rib  behind  it, 
to  which  it  is  attached  by  fibrous  ligaments.    The  spinal  ribs  are  con- 
nected with  the  sternum  by  true  osseous  sternal  ribs,  which,  have  regular 
articulations  at  each  end,  so  as  to  allow  freer  motion  to  the  sternum  for 
the  alteration  of  the  capacity  of  the  thorax.    The  sternum  is  more 
remarkably  developed  in  Birds  than  in  any  other  Vertebrata ;  being  so 
augmented  in  length  and  breadth,  as  to  cover  the  ventral  surface  of  a 
great  part  of  the  abdominal  as  well  as  of  the  thoracic  cavity ;  and  usually 
having  its  central  part  elevated  into  a  keel  or  ridge,  the  degree  of  promi- 
nence of  which  bears  a  regular  proportion  to  the  strength  of  the  pectoral 
muscles,  and  consequently  to  the  power  of  flight.    The  ribs  being  deve- 
loped from  all  the  vertebrae  between  the  scapular  and  pelvic  arches,  the 
usual  '  lumbar'  region  would  seem  to  be  wanting  in  Birds ;  but  this  is 
probably  due  to  its  absorption  (so  to  speak)  into  the  sacral  x'egion ;  foi' 
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the  ihiic  bones  are  prolonged  very  far  forwards,  and  are  connected  with  a 
far  larger  number  of  vertebrae  than  we  elsewhere  find  giving  support  to 
them,  the  number  of  segments  in  the  sacrum  of  Birds  being  scarcely  ever 
less  than  10,  and  being  augmented,  especially  in  Bii-ds  whose  support 
and  locomotion  chiefly  depend  upon  the  posterior  extremities,  even  to 
19. — The  scapular  arch  is  still  formed  upon  the  plan  which  prevails 
tkroughthe  lower  Vertebrata ;  the  principal  connection  of  the  scapula 
with  the  sternum  being  effected  by  means  of  the  coracoid  bone,  whilst 
an  independent  clavicular  arch,  the  degree  of  development  of  which  varies 
greatly  in  different  tribes  of  Bii>ds,  is  formed  by  the  union  of  the  two 
clavicles  on  the  median  line,  constituting  the  'furcula.'  The  anterior 
extremity  is  chiefly  remarkably  for  the  longitudinal  extension  and  lateral 
consolidation  of  the  bones  of  the  hand;  only  two  carpals  and  two  meta- 
carpals being  distinguishable  (the  latter  anchylosed  together),  and  only 
one  digit  attaining  any  considerable  development  (Fig.  2)  though  rudi- 
ments of  a  thumb  and  of  one  or  two  additional  digits  are  usually  trace- 
able. The  osseous  framework  of  the  wing  is  destined  simply  for  the 
attachment  of  muscles,  and  for  the  support  of  the  integument  in  which 
the  wing-feathers  are  implanted ;  it  being  by  these,  and  not  by  any  con- 
tinuous expansion  of  the  skin  itself  (as  in  Bats  and  the  extinct  Ptero- 
dactyles)  -that  the  required  s\irface  is  afforded.  The  pelvic  arch  is  not 
merely  remarkable  for  the  great  number  of  sacral  vertebrae  which  are 
anchylosed  to  form  its  support,  but  also  for  the  separation  of  its  two 
lateral  halves  at  the  median  symphysis ;  its  incompleteness  at  that  part 
appearing  to  have  reference  to  the  relatively-larger  size  of  the  eggs  of 
Birds,  wliilst  the  extraordinary  elongation  as  well  as  peculiar  firmness  of 
the  sacro-iliac  symphysis  would  seem  intended  to  compensate  for  this 
deficiency.  In  the  conformation  of  the  lower  extremity,  we  have  chiefly 
to  notice  that  the  femur  remains  short,  even  when  the  general  elonga^ 
tion  of  the  limb  is  the  greatest ;  it  being  in  the  tibia  and  metatarsus 
that  the  greatest  variations  occur.  The  fibula  is  rarely  present  as  a 
separate  bone,  being  usually  anchylosed  with  the  tibia,  and  being  some- 
times almost  undistinguishable.  The  tarsal  bones  are  anchylosed  with 
the  metatarsal  at  an  early  period  in  the  Hfe  of  most  Birds  j  and  the 
metatarsus  appears  to  consist  of  but  a  single  bone,  although  there  are 
indications  that  it  contains  the  elements  of  thi-ee,  these  remaining  distinct 
in  the  Pengvdn  for  a  considerable  part  of  their  length.  The  foot  usually 
possesses  four  digits,  with  sometimes  the  rudiment  of  a  fifth ;  but  in  some 
of  the  Struthioiis  birds  we  fijid  the  number  reduced  to  three,  or  even 
two.  The  number  of  phalanges  is  five  in  the  foiu'th  or  outermost  digit, 
but  diminishes  regularly  to  two  in  the  first  or  innermost. 

67.  As  might  be  expected  from  the  analogy  of  Birds  with  Insects, 
and  from  the  large  proportion  of  their  body  that  is  occupied  with  the  appa- 
ratus of  locomotion,  the  organs  of  nutrition  are  compaiutively  small; 
but  what  is  wanting  in  size  is  made  up  in  functional  activity.  The 
remai'kable  development  of  the  instinctive  propensities  is  another  inte- 
resting point  of  correspondence  between  the  two  classes;  there  being 
this  difference,  however,  between  them,  that  whereas  the  actions  of 
Insects  appear  to  be  entirely  governed  by  these  propensities,  those  of 
Birds  are  modified  by  their  intelligence.    In  respect  to  this  attribute,  as 
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in  the  development  of  tlie  Cerebmm  which  is  its  instrument,  Birds 
appear  to  be  strictly  intermecUate  between  Reptiles  and  Mammals; 
and  in  the  general  stracture  of  their  sensorial  apparatus  a  like  posi- 
tion is  indicated,  whilst  in  particular  points  of  conformation  they 
differ  from  both  these  classes.— It  is  interesting  to  observe  how,  without 
any  essential  departure  from  the  type  of  Generative  apparatus  which 
prevails  among  the  lower  Vertebrata,  a  much  higher  physiological  charac- 
ter is  here  imparted  to  the  function.  The  store  of  nutriment  provided  m 
the  egg  for  the  embryo,  is  very  much  larger  in  proportion  to  the  bulk  of 
the  animal;  so  that  its  development  can  be  carried-on  to  a  higher  point, 
before  it  is  thrown  upon  its  own  resources.  Again,  the  evolution  of  the 
germ,  and  its  appropriation  of  the  nutriment  thus  provided,  are  promoted 
by  the  high  temperature  which  is  constantly  imparted  by  the  body  of 
the  pai-ent.  And  even  after  its  emersion  from  the  egg,  the  young  Bird 
generally  remains  for  some  time  more  or  less  dependent  upon  its  parent 
for  warmth  and  nurture;  this  dependence  being  usually  most  prolonged 
and  comj)lete,  in  Birds  whose  faculties  ultimately  attain  the  highest 
elevation. 

68.  The  Mammalia  are  universally  admitted  to  form  the  highest  group 
in  the  Animal  Kingdom ;  not  only  as  being  that  to  which  Man  belongs, 
but  also  as  possessing  the  most  differentiated  organization,  adapted  to 
perfoi-m  the  greatest  number  and  variety  of  actions,  and  to  execute  these 
-with  the  greatest  intelligence.  This  liigh  development  is  obviously  con- 
nected with  that  greatly-prolonged  connection  between  the  parent  and 
the  offspring,  which  is  the  special  characteristic  of  the  class.  The  ovum 
of  Mammals  is  very  small  in  comparison  with  that  of  Birds,  and  the 
store  of  nutriment  which  it  contains,  serves  only  for  the  earliest  period 
of  the  developmental  process ;  but  in  the  later  stages  of  this  process,  the 
embryo  draws  for  itself  a  continual  supply  from  the  circulating  fluid  of 
the  parent,  by  means  of  a  new  and  special  apparatus ;  and  after  this  has 
ceased,  and  it  has  come  into  the  world  alive,  it  is  nourished  for  some 
time  longer  by  the  mammary  secretion.  The  degi'ee  of  development  which 
the  foetus  has  attained  at  the  time  of  its  birth,  however,  varies  consi- 
derably in  the  different  orders,  as  does  also  the  completeness  of  the  appa- 
ratus by  which  the  foetus  draws  its  nutriment  from  the  parent;  and  hence 
is  founded  the  division  of  the  class  iuto  the  two  sub-classes  of  Placental 
and  Implacental  Mammals— the  special  apparatus  for  the  nutrition  of 
the  foetus  of  the  latter  never  attaining  the  character  of  a  true  '  placenta,' 
and  their  whole  organization  presenting  many  points  of  affinity  to  that 
of  the  oviparous  Yertebrata.  Here,  again,  therefore,  we  have  a  marked 
illustration  of  the  general  conformity  between  the  grade  of  development 
ultimately  to  be  attained,  and  the  degree  and  duration  of  the  parental 
assistance  early  afforded  to  the  embryo ;  and  this  is  further  manifest  in 
the  general  correspondence  which  may  be  noticed,  between  the  degi-ee 
and  duration  of  the  dependence  of  the  young  animal  upon  its  parent 
after  bii-th,  and  the  elevation  of  its  subsequent  condition.  Those  which 
are  earliest  able  to  obtaiu  their  own  food  and  to  keep  up  an  independent 
temperature,  make  (for  the  most  part)  but  little  advance  beyond  that 
point;  whilst  the  highest  development  of  the  cerebrum,  and  the  most 
decided  indications  of  intelligence,  are  met  with  among  those  whose 
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period  of  self-support  is  the  longest  postponed.  In  the  case  of  Man,  the 
prolongation  of  the  period  of  infancy  has  a  most  important  and  evident 
influence  upon  the  social  economy  of  the  race. 

69.  The  class  Mammalia,  taken  as  a  -whole,  is  not  characterized  so 
much  by  the  possession  of  any  one  particular  faculty — like  that  which 
has  been  seen  in  Birds — as  by  the  perfect  combination  of  the  different 
powers,  which  renders  the  animals  belonging  to  it  susceptible  of  a  much 
greater  variety  of  actions,  than  any  others  can  perform.  There  are  none 
that  can  compete  with  Birds  in  acuteness  of  sight ;  but  there  are  few 
that  do  not  possess  the  senses  of  smell,  taste,  and  touch  in  a  more  ele- 
vated degree.  There  are  none  which  can  rival  Birds  in  rapidity  of  loco- 
motion; but  there  are  few  which  cannot  perform  several  kinds  of  pro- 
gression. Their  inferior  energy  of  muscular  movement  is  accompanied 
by  an  inferior  amount  of  respiration ;  the  type  of  the  respiratoiy  appa- 
ratus, however,  is  higher  than  in  Birds,  a  Uke  extent  of  surface  being 
comprised  within  a  smaller  space.  The  lungs  are  confined  to  the  cavity 
of  the  thorax ;  and  there  is  a  provision  for  the  regular  renewal  of  the 
air  received  into  them,  by  the  action  of  the  diaphragm,  wliich  here  com- 
pletely separates  that  cavity  from  the  abdomen.  The  diminished  amount 
of  respiration,  again,  involves  the  production  of  a  lower  degree  of  animal 
heat;  so  that  the  temperature  of  this  class  seldom  rises  above  100°. 
There  is  less  need  of  means,  therefore,  for  effectually  confining  their  caloric 
— especially,  too,  as  their  greater  average  size  causes  their  radiating 
surface  to  be  much  less  in  proportion  to  their  bulk,  than  is  that  of  Birds ; 
and  accordingly,  we  find  them  provided  only  with  a  covering  of  haii-  or 
fui-,  which  is  much  less  warm  than  that  of  feathers,  and  which  is  usually 
thin  and  scanty  in  Mammals  inhabiting  tropical  climates.  In  the 
Cetacea,  which  are  animals  adapted  to  lead  the  life  of  Fishes,  the  same 
end  is  answered  by  the  interposition  of  an  immense  quantity  of  oleaginous 
matter  in  the  meshes  of  their  enormously-thickened  skin ;  thus  forming 
the  '  blubber,'  which  constitutes  an  admirable  badly-conducting  sej)timi 
between  the  warm  body  of  the  animal  it  incloses  and  the  cold  water  of 
the  surrounding  ocean. — The  inferior  nervo-muscular  energy  of  Mammals 
as  compared  with  Birds,  renders  it  unnecessary  that  the  nutritive  func- 
tions in  general  should  be  carried-on  with  that  extraordinary  activity 
which  characterizes  the  last-named  class.  Accordingly  we  find  that  the 
demand  for  food  is  less  constant,  the  digestive  process  is  less  rapidly 
accomplished,  and  the  circulation  is  slower,  than  in  Bii-ds;  whilst  on  the 
other  hand  the  'waste'  of  the  body,  as  indicated  not  merely  by  the 
amount  of  carbonic  acid  set  free,  hut  by  that  of  the  other  excreta  (espe- 
cially the  urinary),  is  less  considerable,  although  the  organs  by  which  it 
is  eliminated  are  developed  (like  the  respiratory  appai-atus)  upon  a  higher 

^^To  Althouc^h  the  skeleton  of  any  ordinary  four-footed  Mammal  pre- 
sents'a  strong  general  resemblance  to  that  of  a  Lizard,  the  mode  of  loco- 
motion being  the  same  in  both  cases,  a  considerable  advance  in  the  grade 
of  development  is  observable,  when  the  osseous  framework  is  more 
closely  examined.  This  is  remarkably  the  case  with  regard  to  the  inti- 
mate structure  of  the  bones  themselves,  which  are  conformable  to  the 
Reptilian  type  (in  the  absence  of  any  well-marked  centi-al  cavity)  at  an 
ear  y  period  of  their  evolution,  but  in  which  a  dense  shaft  with  a  hollow 
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interior  is  afterwards  substituted  for  the  cancellated  tissue  wMcli  at  first 
prevails  throu^'liout ;  and  it  is  the  case  also  with  regard  to  the  consolidation 
which  the  skeleton  vmdergoes,  by  the  gi^adual  union  of  parts  originally  deve- 
loped from  cUstinct  centres.    The  skeletons  of  the  non-placental  Mammals, 
however,  present  many  interesting  links  of  affinity  to  those  of  Reptiles; 
as  do  also  those  of  the  gigantic  extinct  Sloths,  between  which  and  the 
Dinosauria  there  seems  to  have  been  a  mutual  approximation.— i  he  con- 
formity of  the  different  orders  of  Placental  Mammals  to  one  plan,  as 
shown  in  the  structure  of  their  skeleton,  is  much  greater  than  it  is  m 
Reptiles.    We  never  find  the  extremities  entirely  suppressed,  as  m  Ser- 
pents; nor  are  the  ribs  anywhere  absent,  as  in  Frogs;  nor  is  there  any 
such  junction  of  the  dermo-skeleton  with  the  neuro-skeleton,  as  presents 
itself  in  the  Turtles,  although  the  former  may  constitute  (as  in  the 
Armadillo)  a  complete  bony  envelope.    Still,  the  modifications  which  do 
present  themselves,  are  far  more  considerable  than  are  exhibited  by  the 
class  of  Bii-ds;  and  these  have  reference,  as  in  Reptiles,  to  the  adaptation 
of  Mammals  for  residence  in  the  water,  like  Fishes,  or  for  passing  a  large 
part  of  their  lives  on  the  wing,  like  Birds.    In  the  Cetacea,  the  power  of 
locomotion  is  almost  entii-ely  taken  away  from  the  extremities,  and  given 
back  to  the  trunk,  as  in  Fishes,  the  posterior  extremities  being  entirely 
deficient,  whilst  the  anterior  serve  only  for  guidance;  there  is  this 
important  difference,  however,  that  the  tail,  which  is  flattened  vertically 
in  Fishes,  is  flattened  horizontally  in  Cetacea,  which,  being  air-breath- 
ing animals,  need  the  power  of  frequently  coming  to  the  surface  to 
respire.    In  the  Cheiroptera,  on  the  other  hand,  the  power  of  locomotion 
is  almost  entirely  delegated  to  the  anterior  extremities,  most  of  the  bones 
of  which  are  of  large  proportional  dimensions,  the  principal  elongation,  how- 
ever, being  in  the  bones  of  the  hand  (Fig.  2,  e)  ;  and  their  skeletons  exhibit 
various  other  adaptive  modifications  for  the  same  end,  the  sternum,  for 
example,  having  a  prominent  keel,  and  the  pelvis  having  its  arch  incom- 
plete, as  in  Birds.    But  although  the  paddles  of  the  Whale  may  remind 
us,  in  position  and  external  aspect,  of  the  pectoral  fijis  of  a  Fish, — ^the 
rudimentary  condition  of  the  neck  causing  them  to  be  situated  just 
behind  the  head,  and  the  inclusion  of  the  short  arm  and  fore -arm  within 
the  trunk  leaving  only  the  bones  of  the  hand  to  support  the  undivided 
skin, — the  essentially  Mammalian  type  may  be  traced  in  aU  the  parts  of 
the  skeleton  of  these  members  (Fig.  2,  c) ;  the  only  real  approximation  to 
a  lower  grade  consisting  in  the  multiplication  of  the  phalangeal  bones,  as 
in  the  EnaHosauria,  the  digits  themselves  never  exceeding  their  regular 
number  five.    The  same  constancy  to  the  Mammalian  type  shows  itself 
in  the  bones  of  the  anterior  extremity  of  the  Bat;  which,  though 
modified  for  exactly  the  same  purpose  as  that  of  the  Bird  (so  that  bats 
and  swallows  replace  one  another  in  the  pursuit  of  the  same  insect-prey), 
attains  that  pui-pose  by  a  different  plan  of  organisation. 

71.  The  following  are  the  most  impoi'tant  distinctive  peculiarities  in 
the  skull  of  Mammalia.  The  cranial  cavity,  which  is  of  a  rounded  foi'm, 
is  shut-in  by  a  set  of  bones,  which,  while  formed  by  the  partial  consoli- 
dation of  the  elements  of  the  neural  arches  of  the  cranial  vertebras, 
remain  separate  during  the  whole  of  life,  distinct  sutures  being  interposed 
between  them ;  the  bones  of  the  face  are  usually  but  little  developed 
in  proportion,  save  in  certain  tribes  in  which  the  skull  is  much  elongated 
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in  consequence  of  the  great  development  of  the  jaws,  and  they  ar6 
all  (with  the  exception  of  the  lower  jaw)  immovably  ai-ticvdated  to  each 
other  and  to  the  cranium;  the  lower  jaw  articulates  directly  with  the 
craniiun,  instead  of  by  an  intermediate  moveable  tympanic  bone  as  in 
oviparous  Vei-tebrata,  this  piece  having  coalesced  with  other  vertebral 
elements  to  foi*m  the  'temporal  bone;'  and  the  articulation  of  the 
cranium  with  the  spinal  column  is  no  longer  effected  by  the  centrum  of 
the  occipital  vertebra,  but  is  formed  by  two  lateral  surfaces,  corresponding 
with  the  articulating  processes  of  ordinary  vertebrae. — The  niunber  of 
cervical  vertebrae  is  almost  iavai-iably  7 ;  and  this  is  not  altered,  either 
in  the  Cetacea,  which  have  a  very  short  and  immovable  neck,  or  in  the 
Giraffe,  whose  neck  is  enormously  elongated.  The  munber  of  dorsal  or 
rib-bearing  vertebrae  usually  varies  between  11  and  20;  the  ribs  are 
always  articulated,  save  in  the  most  Reptilian  Mammals,  both  by  theii' 
'  heads'  with  the  bodies  of  the  vertebrae,  and  by  their  '  tubercles'  with  the 
transverse  processes ;  the  costal  cartilages  or  sternal  ribs  usually  remain 
cartilaginous,  although  they  sometimes  become  ossified  in  advancing  life; 
and  they  are  for  the  most  part  imdeveloped  in  Cetacea,  the  freedom  of 
whose  spinal  ribs  (with  the  exception  of  the  first  pair  or  two)  reminds 
us  of  Fishes.  The  development  of  the  sternum  varies  very  considerably 
in  different  groups,  chiefly  in  accordance  with  the  demand  for  muscular 
power  in  the  anterior  extremity  ;  thus  it  is  not  only  in  the  Mole  that  it 
possesses  a  central  projecting  keel,  but  also  in  Moles  and  Ai-madilloes, 
whose  fore-feet  are  used  as  spades  in  burrowing.  It  is  not  ordinarily 
prolonged  over  the  abdomen,  the  abdominal  sternum  and  ribs  of  Rejitiles 
being  rejiresented  only  by  longitudinal  and  transverse  aponeurotic  bands ; 
but  this  portion  is  unusually  developed  in  the  Edentata.  The  ordinary 
number  of  lumbar  vertebrae  is  either  four  or  five;  that  of  the  sacral 
varies  more  considerably,  the  number  of  vertebral  segments  consolidated 
for  the  support  of  the  pelvic  arch,  generally  showing  a  proportion  to 
the  degree  of  strength  which  the  members  it  bears  are  formed  to 
exert.  Thus  in  the  Cetacea,  which  have  no  posterior  extremities,  the 
union  of  vertebrae  into  a  sacrum  is  altogether  wanting,  as  in  Fishes  ;  in 
Man  and  most  of  the  higher  Mammalia,  on  the  other  hand,  five  or  even 
six  vertebrte  are  consolidated:  yet  in  the  implacental  Mammals,  the 
Reptilian  number  two  uniformly  presents  itself,  notwithstanding  that  in 
many  of  them,  as  the  Kangaroos  and  Opossums,  the  posterior  extremities 
are  enormously  developed,  and  are  the  principal  instruments  in  progi-es- 
sion.  The  number  and  development  of  the  caudal  vertebrae  vaiy  more 
widely  than  do  those  of  the  segments  of  any  other  region;  for  wlulst^  in 
Man  and  the  higher  Apes  there  are  no  more  than  4  or  5,  these  being 
abortive  and  becoming  anchylosed  with  each  other  so  as  to  form  the  '  os 
coccygis,'  the  number  rises  (in  other  Mammalia)  to  20,  30,  or  even  40.  It 
is  interesting  to  remark  that  the  highest  numbers  occiu-  in  those  orders 
(the  Marsuplalia  and  the  Edentata)  which  present  the  gi-eatest  number 
of  other  approximations  to  the  Reptilian  type  of  structure;  and  in  some 
of  the  former  of  these,  we  find  a  very  curious  reversion  to  the  Reptilian 
tyi3e,  in  the  presence  of  haemal  arches  attached  to  the  bodies  of  the  caudal 
vertebrae.  As  a  general  fact,  however,  the  tail  is  a  part  of  the  vertebral 
column,  whose  development  or  non-development  does  not  follow  any 
general  plan,  but  is  related  to  the  special  use  to  be  made  of  it  in  the 
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economy  of  the  animal;  and  of  such  uses  tlie  Mammalian  class  presents 


a  remaiiable  variety.    The  conformation  of  the  soapulai- _  arch  m  Mam- 
mals generaUy  cUffers  from  that  of  Oviparous  Yertebrata  m  the  inferior 
development  of  the  coracoid  element,  which  is  not  of  sufficient  length  to 
reach  the  sternum  or  to  meet  its  feUow  on  the  median  line;  the  osseous 
connection  of  the  scapula  with  the  sternum,  where  such  exists  being 
established  by  the  clavicle.    In  the  Monotremata,  however,  with  other 
reptiUan  affinities,  we  find  this  connection  to  be  estabhshed  both  by 
coracoid  and  clavicle  in  a  most  peculiar  manner,  thi'ough  the  intermedi- 
ation of  an'episternal'  bone;  the  whole  clavicular  arch  having  a  most 
remai'kable  resemblance  to  that  of  Ichthyosaurus.     The  three  com- 
ponent bones  of  the  pelvic  arch  generally  coalesce  together  at  an 
early  period  of  Hfe,  remaining  separate,  however,  in  Monotremata;  the 
inferior  symphysis  is  complete  (save  ia  Bats),  being  entirely  formed 
by  the  junction  of  the  rami  of  the  pubis;  but  in  the  ImplacentaKa,  as  in 
KeptUes,  the  ischia  have  a  share  in  the  junction.     The  extremities 
attached  to  these  arches  exhibit  a  great  variety  of  special  modifications 
of  structure ;  putting  aside,  however,  the  extreme  modifications  presented 
in  Bats  and  Whales,  we  recognize  two  principal  sub-types,  the  imgulated 
and  the  ungidculated.    In  the  former  of  these  (Fig.  2,  d),  the  members, 
being  adapted  simply  for  support  and  locomotion,  are  developed  in  a  fonn 
which  renders  them  most  efficient  instruments  for  these  purposes. 
All  the  articulations,  even  those  of  the  shoulder  and  hip-joints,  are  so 
constructed  as  to  limit  the  movements  of  the  limb  to  that  one  plane  (back- 
wards and  forwards)  in  which  its  actions  are  required  for  the  onward 
propulsion  of  the  body;  the  bones  of  the  fore-arm  and  leg  are  consoli- 
dated into  one,  so  as  entirely  to  prevent  any  rotation  of  the  hand  or 
foot ;  and  only  a  pair  of  digits,  or  even  a  single  one,  are  developed  in  each 
member,  these  being  entirely  enveloped  in  hai-d  horny  casings.  The 
opposite  extreme  is  where,  as  in  Man  (Fig.  2,  f),  the  form  of  the  humeral 
articulation,  and  the  arrangement  of  its  muscles,  confer  upon  the 
anterior  extremity  (the  posterior  partaking  of  the  same  endowments, 
but  in  an  inferior  degree),  the  power  of  free  and  extensive  motion; 
the  plane  of  the  hand  can  be  turned  in  any  direction  by  the  rota- 
tion of  the  fore-arm  and  the  flexure  of  the  wrist;  the  whole  number  of 
digits  is  developed,  and  one  of  them  is  so  opposed  to  the  rest  as  to  be 
capable  of  antagonism  to  either  one  or  to  all  of  them  collectively ;  and 
the  extremities  of  the  fingers  are  covered  by  the  nail  on  one  side  only, 
leaving  the  other  possessed  of  the  highest  tactile  deUcacy.  Between 
these  two  extremes,  there  is  an  immense  variety  of  intermediate 
gradations. 

72.  The  teeth  of  Mammalia  constitute  a  remarkably  characteristic 
feature  in  their  organization;  and  the  difierentiation  which  they  exhibit 
in  the  several  orders  and  genera  is  so  great,  and  is  so  closely  connected 
with  other  peculiarities,  as  to  afibrd  most  important  assistance  in  classifi- 
cation. They  are,  for  the  most  part,  much  less  multiplied  than  in  Rep- 
tiles; and  when  the  typical  number  44  is  exceeded,  it  is  in  those  groups 
which  either  represent  Fishes,  or  make  the  closest  approximation  to  Rep- 
tiles; and  it  is  in  these,  moreover,  that  the  teeth,  having  the  least  decn-ee 
of  individual  development,  present  so  little  difierentiation,  that  they  can- 
not be  classed,  as  they  may  be  in  all  the  higher  forms  of  the  dental 
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apparatus,  into  incisors,  canines,  premolars,  and  molars. — In  the  mode  of 
implantation  of  tlie  teeth  of  Mammalia,  we  have  a  marked  distinctive 
character  of  the  class ;  for  in  all  save  those  which  grow  from  persistent 
pulps,  we  find  the  dental  cavity  closed-in  at  its  lower  part,  and  the  base 
of  the  tooth  prolonged  iato  a  '  fang,'  which  is  implanted  into  its  own 
proper  socket,  but  not  united  by  ossification  to  its  bony  wall.  The  fang 
of  molar  teeth  is  usually  subdivided  into  two,  three,  or  even  four  por- 
tions, which  diverge  more  or  less  from  each  other,  and  are  received  into 
separate  divisions  of  the  alveolar  cavity ;  and  this  mode  of  implantation 
is  so  peculiar  to  Mammals  (as  far  as  at  present  known),  that  its  existence 
appears  sufiicient  to  determine  the  mammalian  nature  of  a  jaw,  or  even 
of  a  fragment  of  a  jaw,  in  which  it  occurs,  such  as  that  of  FJutscolotheriicm 

Fio.  71. 


Lower  jaw  of  Fhascolotheritm  BucMmdii. 

(Fig.  71),  or  Amphitherivm,  of  the  Stonesfield  slate,  whose  reptilian  natui-e 
has  been  advocated  by  many  zoologists. — The  teeth  of  Mammalia  are 

ordinarily  cast  and  renewed  but 
Fig.  72.  once  during  life,  instead  of  being 

continually  shed  as  they  are  in 
Reptiles  and  Fishes,  and  replaced 
by  new  teeth  developed  from  in- 
dependent papillae,  or  from  off- 
sets from  the  previous  follicles. 
This  general  rule,  however,  is 
subject  to  exceptions  in  parti- 
cular cases.  For  in  the  Ele- 
phant, we  find  the  sides  of  the 
jaws  to  be  occupied,  not  by  rows 
of  molar  teeth,  but  by  a  single 
large  composite  tooth  on  either 
side  of  each  jaw  (Fig.  72),  this 
being  formed  of  a  succession  of 
alternating  plates  of  enamel,  ce- 
mentum  and  dentine.  The  chief 
wear  of  these  teeth  is  iu  front; 
and  a  production  of  new  teeth  is 
continually  taking  place  behind,  so  that  each  tooth,  as  it  wears  down,  is 
;^heTfo4ard  by  L  new  tooth  behind  it,  -Hch  corner  '^Th^Sk  ' 
place;  and  the  molars  are  thus  changed  six  or  eight  times,    ihe  tusks, 


Molar  tooth  of  Asiatic  Mephant. 


PllOGKESS  FROM  GENEBAL  TO  SPECIAL  IN  DEVELOPMENT. 


96 


on  the  other  hand,  though  only  renewed  once,  like  the  teeth  of  Mammals 
c^enerally,  are  in  a  state  of  constant  growth  from  the  persistent  pulps  at 
their  ba.se :  and  this  plan  is  adopted  also  in  several  other  cases,  m  which 
the  teeth  are  particularly  Uable  to  be  worn-do^vn  by  the  friction  to  which 
they  are  exposed.  


73. 


Fig.  73. 


Havin^^  thus  found,  in  the  general  survey  we  have  taken  of  the 
Yecretable  and  Animal  kingdoms,  that  the  'idea'  of  their  combined  unity 
ancl  diversity  of  organization  is  that  of  progress /row  the  more  general  to 
tlie  more  special,  we  shall  enquire  how  far  that  idea  is  conformable  to  the 
actual  histoiy  of  their  Development.    This,  when  carefully  scrutinized,  is 
found  to  afford  the  most  satisfactory  proof  of  it.— The  perfect  organism 
of  any  one  among  the  higher  Plants  and  Animals  is  not  more  dissimilar 
in  form  and  condition  to  that  of  the  lowest  and  simplest  member  of  either 
kingdom,  than  it  is  to  the  germ  of  its  own  kind  in  the  earliest  periods  of 
its  evolution;  and  in  fact,  when  we  go  back  to  the  very  commencement 
of  the  process,  we  observe  that  the  most  general  type  of  organised  struc- 
ture,—the  simple  cell,— is  that  in  which  every  living  being  commences. 
The  evolution  of  the  germ  commences  in  the  duplicative  multiplication  of 
this  ceU,  precisely  after  the  fashion  of  the  multiplication  of  the  simplest 
Protophyta  and  Protozoa  (Fig. 
73).    It  is  not  until  this  has 
proceeded  to  a  considerable  ex- 
tent, that  it  could  be  stated  with 
certainty,  from  the  appearance 
of  the  germ  alone,  whether  it  is 
that  of  a  Plant  or  of  an  Ani- 
mal; thus  in  the  accompanying 
figure  (Fig.  74),  the  '  mulberry- 
mass  '  of  the  mammalian  ovum, 
formed  by  the  repetition  of  the 
duplicative  subdivision  of  the 
germ-cell,  is  shown  to  bear  a 
most  exact  coiTespondence  to 
the  Vohox  glohator  (an  organism 
now  certainly  known  to  belong 
to  the  vegetable  kingdom)  in  its 
early  stage.  At  the  time,  again, 
when  the  distinctive  characters 
of  animality  first  present  them- 
selves, it  could  not  be  predi- 
cated whether  the  germ  is  that  of  a  Radiated,  Molluscous,  Articulated, 
or  Vertebrated  animal ;  the  special  characters  of  these  sub-kingdoms 
not  being  evolved  until  a  later  period.    These,  however,  are  the  next  to 
appear,  but  still  the  distinctive  peculiarities  of  the  class  are  wanting ;  the 
germ  of  a  Vertebrated  animal  (for  example)  being  at  first  destitute  of 
anything  that  can  mark  it  out  as  a  Fish,  Reptile,  Bird,  or  Mammal. 
When  the  distinctive  characters  of  the  class  have  been  made  manifest  by 
the  further  progress  of  development,  those  of  the  order  still  remain  inde- 
terminate ;  these  are  evolved  in  thevr  turn ;  and  then  those  of  the  family, 


Multiplication  of  cells  of  Chlamydomonaa  (Ehrenb. ) 
by  duplicative  subdivision. 

Fig.  74. 


A,  early  stage  of  Mammalian  Ovum ; — b,  young  of 
Volvox  Crlobator. 


96 


GENERAL  PLAN  OP  ORGANIC  STRUCTURE  AND  DEVELOPMENT. 


genus,  species,  sex,  and  individual,  in  succession.*  This,  at  least,  is  the 
result  of  observations  made  in  a  considei-able  number  of  cases ;  and  where 
such  an  accordance  does  not  exist,  the  want  of  it  is  probably  due  to  im- 
perfections in  the  system  of  classification  with  wliich  the  comparison  is 
made. — Thus  we  see  that  in  watching  the  history  of  the  development  of 
any  one  of  the  higher  forms  of  organised  structure,  we  find  the  realization 
of  that  ideal  evolution  of  the  more  s]}ecial  characters  from  the  more  general, 
which  it  is  the  object  of  the  Philosophic  Natviralist  to  bring  into  view  by 
the  methods  of  proceeding  already  pointed  out  (§  1 1). 

74.  The  general  principle  of  Yon  Baer  aflfiords  the  real  explanation  of 
those  resemblances  which  are  sometimes  discernible,  between  the  ti-ansitory 
forms  exhibited  by  the  embryoes  of  higher  beings,  and  the  permanent 
conditions  of  the  lower.  When  these  resemblances  were  first  observed  in 
the  stiidy  of  Embryology,  an  attempt  was  made  to  generalize  them  in  the 
statement  "  that  the  higher  animals,  in  the  progress  of  theii"  development, 
pass  through  a  series  of  forms  corresponding  with  those  that  remain  perma- 
nent in  the  lower  parts  of  the  animal  scale."  But  this  statement  was  hasty 
and  unphilosophical ;  and  it  is  now  only  referred-to,  for  the  sake  of  show- 
ing what  amount  of  real  truth  there  is  in  it. — No  animal  as  a  whole  passes 
through  any  such  series  of  changes,  except  where  it  comes  forth  from  the 
egg  in  an  early  stage  of  development,  but  in  a  condition  that  enables  it  to 
sustain  its  own  existence,  and  to  lead  the  life  of  a  class  below,  from  which 
it  is  afterwards  raised  by  metamorphosis.  This  is  the  case,  for  example, 
with  such  Insects  as  resemble  Annelida  in  their  larva  condition,  and  with 
Batrachian  ReptUes,  which  are  essentially  Fish  dming  the  early  period  of 
their  lives.  But  in  neither  of  these  instances,  does  the  Larva  entirely 
resemble  the  perfect  animal  which  it  represents  in  form  and  gi'ade  of 
organisation;  for  besides  having  its  generative  system  undeveloped  (with- 
out which  it  cannot  be  said  to  be  a  complete  animal),  the  condition  of  its 
tissues  and  organs  is  altogether  embryonic ;  so  that  the  caterpillar  bears 
a  much  closer  accordance  with  the  embryonic  than  with  the  adult 
Annelide,  while  the  Tadpole  is  more  nearly  related  to  the  embryonic  than 
to  the  perfected  Fish.  These  and  other  cases  of  the  same  kind  must  be 
regarded  as  special  modifications  of  the  general  plan  to  meet  a  particular 
purpose ;  and  while  they  present  nothing  discordant  with  that  plan,  they 
cannot  be  taken  as  examj^les  of  the  usual  mode  in  which  it  is  followed 
out.  On  studying  the  development  of  any  one  of  the  higher  animals, 
which  remains  within  the  ovimi  until  it  has  attained  the  form  character- 
istic of  its  class,  we  find  that  its  entire  structure  does  not  present  at 
any  time  such  a  resemblance  to  either  of  the  classes  beneath,  as  would 

*  Althougli  this  general  truth  had  been  previously  indicated  hy  Von  Baer,  yet  the  first 
definite  and  complete  statement  of  it,  with  its  appUcation  to  Classification,  wiU  be  found 
(the  Author  believes)  in  two  papers  '  On  Unity  of  Structure  in  the  Animal  Kingdom'  con- 
tributed by  Dr.  Martin  BaiTy  to  the  "Edinburgh  Philosopliical  Journal"  for  1837.  It 
has  been  subsequently  developed  in  a  very  admii-able  manner  by  Prof.  Mike-Edwards  in 
a  Memoir  '  On  the  Principles  of  the  Natural  Classification  of  Animals,  m  the  Anuales  des 
Sciences  Naturelles,"  Ser.  in.,  tom.  i.,  which  bears  evidence  of  having  been  written  with- 
out the  knowledge  of  what  either  Von  Baer  or  Dr.  Barry  had  put  forth;  the  pi-mciple,  in 
fact,  having  been  advanced  in  a  more  limited  form  by  Prof.  Milne-Edwards  himself,  in  a 
memoir  '  On  the  Changes  of  Form  exhibited  by  various  Crustacea  during  their  Develop- 
ment,' read  by  him  to  the  French  Academy  in  1833,  and  pubbshed  in  the  Annales  des 
Sciences  Naturelles,"  Ser.  i.,  tom.  xxx.,  Ser.  ii.,  tom.  m. 
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nistifytlie  slightest  analogy;  tlius,  tlie  Human  embryo  is  never  com- 
parable yvith  a  Fish,  a  Reptile,  or  a  Bird,  much  less  with  an  Insect  or  with 
a  MoUusk.  In  its  very  earliest  gi-ade,  indeed,  it  might  be  Liened  to  the 
cells,  or  clusters  of  cells,  of  which  the  Proto2^hyta  and  Protozoa  are  consti- 
tuted (Fi(^  73,  74);  but  so  soon  as  the  multiplication  and  conversion  ol 
these  has°proceeded  to  such  an  extent,  as  to  give  it  a  form  and  structui-e 
in  wliich  a  resemblance  can  be  traced  to  any  higher  ammal,  it  is  to  the 
Vertebrated  tyi^e  that  we  should  at  once  assign  it.  Now,  whilst  it  is 
passing  through  this  condition,  a  close  correspondence  may  be  traced  be- 
tween the  several  parts  of  its  structure  and  those  of  any  otUr  vertebrated 
embryo  at  a  similar  grade  of  development :— there  is,  for  example,  no 
essential  difference  between  the  vertebral  column  of  the  early  embryo  of 
Man,  and  that  of  an  embryo  Fish;  the  evolution  of  the  nervous  centres 
begins  in  both  upon  the  same  plan ;  so  also  does  that  of  the  circulating 
apparatus.  And  as  the  progress  of  development  is  arrested  in  the  lower 
tribes,  at  the  stages  thus  indicated  in  the  transitional  conditions  of  the 
higher,  a  mutual  resemblance  in  the  condition  of  particular  organs  may 
most  assm-edly  hence  arise.  Thus,  in  the  Cyclostome  and  higher  Cartila- 
ginous Fishes,  we  find  permanently  represented  the  various  stages  in  the 
development  of  the  vertebral  column,  which  inay  be  detected  in  the  em- 
bryo of  higher  Yertebrata.  But  each  of  these  animals  presents,  in  its  adult 
condition,  a  special  adaptation  of  the  general  plan  to  its  own  organism; 
and  tliis  special  modification  is  not  represented  in  the  human  embryo. 
Thus,  whilst  the  cranium  of  the  Human  embryo  is  developed  from  a  great 
number  of  cUstinct  centres,  which  rej)resent  the  bones  that  remain  per- 
manently separate  in  the  skull  of  the  Fish, — so  that  there  is  a  correspon- 
dence in  the  condition  or  grade  of  development,  as  presented  in  the  two 
cases  respectively, — yet  it  never  exhibits  those  peculiar  characters,  which 
distinguish  the  skull  of  the  Fish  from  that  of  all  other  Yertebrata.  Or, 
to  take  an  illustration  from  another  source,  the  Circulation  is  carried  on, 
at  an  early  period  in  the  develof)ment  of  all  vertebrated  animals,  by  a 
system  of  blood-vessels  distributed  upon  the  same  plan  as  that  which  is 
met-with  in  the  adult  Fish.  It  is  not,  however,  correct  to  affirm,  that 
the  circulating  apparatus  of  Man  ever  passes  through  the  condition  of 
that  of  a  Fish ;  for  although  the  '  branchial  arches '  are  developed  in  all 
Yertebrated  animals,  so  that  their  presence  may  be  considered  as  the 
most  general  fact  in  the  history  of  theu-  arterial  system,  yet  the  twigs 
which  they  give  off  in  the  adult  Fish  for  the  supply  of  the  branchial 
filaments  are  never  developed,  except  in  animals  that  are  to  be  adapted 
for  aquatic  respiration;  so  that  the  blood  flows  onwards  continuously 
through  the  branchial  arches,  and  is  delivered  by  them  into  the  aorta, 
instead  of  being  distributed  amongst  the  gills,  to  be  returned  from  them 
by  a  distinct  set  of  vessels,  the  branchial  veins.  Hence,  however  close 
may  be  the  resemblance  between  the  embryo  Man  and  the  embryo  Fish, 
there  is  no  real  correspondence  between  the  embryo  of  Man  and  the  com- 
pleted Fish;  since  every  departure  from  the  general  plan  or  'archetype,' 
which  gives  to  the  embryo  Fish  the  special  characteristics  of  its  class, 
does  in  reality  diminish  the  resemblance  borne  to  it  by  the  embiyo  of 
either  of  the  higher  classes.  Thus,  whilst  there  is  at  an  early  period  a  very 
close  correspondence  between  the  embiyoes  of  all  classes  of  Yertebrata,  in 
harmony  with  the  general  principle  of  Yon  Baer,  each  one  of  these,  as  it 
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proceeds  in  its  com-se  of  development,  takes  a  direction  that  separates  it 
from  the  rest ;  and  the  mutual  divergence  consequently  becomes  greater 
and  gi-eater,  in  proportion  as  the  perfected  form  and  condition,  that  are 
charactei'istic  of  each  class  respectively,  are  approximated. 

75.  Now  althoiigh  the  life  of  all  Organised  beings  commences  in  the 
simplest  and  most  general  type  of  organic  structure,  so  that  there  is  no 
perceptible  distinction  between  their  germs,  yet  we  see  that  each  germ 
must  have  a  certain  capacity  of  development  peculiar  to  itself;  since  it  Ls 
a  general  law  of  Organic  Development,  that  like  produces  like.  However 
varied  may  be  the  series  of  forms  through  which  the  parent  passes,  the 
offspring  repeats  these  with  the  greatest  exactness  ;*  and  the  whole  scheme 
of  development  may  be  described  as  one  in  which  the  primordial  cell  is 
tending  towards  the  attainment  of  the  perfect  form  and  condition  of  its 
parent.  In  proportion  to  the  mutual  resemblance  of  the  parents,  will  be 
the  conformity  of  the  processes  by  which  their  respective  forms  are  at- 
tained ;  in  proportion  to  the  dissimilarity  of  their  adult  conditions,  will 
be  the  divergence  of  their  directions  of  development :  thus  the  develop- 
ment of  the  heart  of  the  Bird  and  of  the  Mammal  proceeds  upon  a 
method  essentially  the  same,  the  single  ventricle  being  divided  first,  and 
the  single  aiuicle  subsequently,  the  septum  remaining  imperfect  in  the 
Mammal  untU  birth ;  but  in  the  Reptile  the  auricle  is  first  divided,  its 
circulation  being  carried-on  upon  a  plan  to  which  the  embryo  Bird  and 
Mammal  never  present  anything  comparable.  And  in  accordance  with 
the  degree  of  proximity  of  each  complete  form  to  the  general  model  or 
'archetype  '  of  the  entire  series,  will  be  the  degi-ee  in  which  it  will  be 
represented  in  the  transitional  states  of  the  higher  forms:  thus  the 
vertebral  skeleton  of  the  Fish  as  a  whole  departs  much  less  from  the 
archetype,  than  does  that  of  the  Bird;  and  consequently,  that  of  the 
embryo  Mammal  is  miich  more  nearly  related  to  the  former,  than  it  ever 
is  to  the  latter. — These  examples  will  serve,  it  is  hoped,  to  show  the  dis- 
tinction between  the  fundamental  principle  of  development,  first  enun- 
ciated by  Von  Baer,  and  which  is  applicable  (as  the  author  believes)  to  all 
the  facts  hitherto  ascertained,  and  that  crude  and  illogical  generalization 
wliich  has  brought  discredit  upon  Philosophical  Biology,  and  has  led  to  a 
host  of  erroneous  inferences,  t 

*  It  will  be  shown  hereafter  (chap,  xi.)  that  the  phenomena  ranked  under  the  term 
'  Alternation  of  Generations'  do  not  constitute  a  real  exception  to  this  rule. 

+  It  is  owing  to  the  ignorance  of  Von  Baer's  writings  which  has  generaUy  prevailed  in 
this  country,  that  the  credit  has  been  recently  assigned  to  others,  of  hanng  first  enunciated 
the  true  view  of  this  subject.  The  Author  may  refer  to  the  second  edition  of  the  present 
work  published  in  1841,  as  having  contained  the  doctrine  stated  above,  which  he  was  also 
accustomed  to  teach  in  his  Physiological  Lectures ;  and  although  his  own  acquaintance  with 
Von  Baer's  works  at  that  time  extended  but  Uttle  beyond  the  references  made  to  them  by 
Dr  Martin  Barry,  yet  these  were  sufacient  to  enable  him  to  comprehend  and  apply  the 
great  developmental  law  which  Von  Baer  had  so  clearly  enunciated  and  to  lead  him  to  the 
fery  same  illustrations  as  those  which  he  afterwards  found  that  Von  Baer  had  employed. 
He  cannot  but  think  that  the  admirers  of  the  great  English  comparative  anatomist  of  our 
own  time  would  have  done  weU  to  abstain  from  preferring  on  his  behalf  any  claim  to  ongi- 
nnlitv  on  this  subiect  untU  they  had  ascertained  how  far  he  had  been  anticipated  by  others. 
Sir- £rt3rRev?e^  for  October,  1851  (vol  Ixxxix.  p.  430)  Prof.  Owen  xs  spoken 
of  as  ha^^-  "  first  distinctly  enunciated  the  generalization,  that  in  the  development  of  the 
Itebrranimaf  tt  germ'  passes  at  once  from  the  common  f-m  of  the^^^^^^^^^^ 
monad  to  the  vert;brated  type,  ^it^^ont  transitonly  representing  eith^^^^^ 
late,  or  molluscous  types."  Now  in  Von  Baer'sgreat  work  "Uber  Entwickelungs-Geschichte 


PROGRESS  FROM  GENERAL  TO  SPECIAL  IN  DEVELOPMENT. 


99 


76  It  is  mamtained,  indeed,  by  some  distinguished  Naturalists,  that, 
the  information  derivable  from  the  liistory  of  Development,  m  regard  to 
the  relative  value  of  characters  and  the  affinity  of  groups  is  so  much 
more  certain  and  satisfactory  than  that  of  any  other  kind  that  it  ought 
to  fiu-nish  the  fimdamental  data  for  a  truly  scientific  classification;  those 
tribes  being  considered  as  most  nearly  related  to  each  other,  whose  em- 
biTonic  development  advances  farthest  along  the  same  course  without 
divergence :  wliilst  those  are  to  be  regarded  as  most  fundamentally  dissimi- 
lar, whose  directions  of  development  are  distinct  from  the  earhest  period. 
This  principle  may  be  admitted  as  one  which  deserves  to  be  fuUy  taken 
into  accoimt,  in  any  attempt  at  a  systematic  arrangement  on  philoso- 
phical principles;  but  to  adopt  it  to  the  exclusion  of  all  comparison  ot 
forms  in  their  state  of  complete  evolution,  would  be  to  deprive  important 
changes  which  may  occur  at  a  comparatively  late  period  of  development, 
of  their  due  claim  to  consideration.  The  following  iUustrative  ex- 
amples may  help  to  make  its  true  value  apparent.— In  the  class  of 
Crustacea,  as  long  since  observed  by  Prof  Milne-Edwards,  the  young  of 
such  as  come  forth  from  the  egg  at  an  early  period  of  development,  and 
have  many  changes  to  undergo,  resemble  one  another  very  closely.  As 
they  increase  in  size,  however,  the  peculiarities  of  the  respective  tribes  to 
which  they  may  belong,  gradually  manifest  themselves,  partly  through  an 
alteration  in  the  rate  of  development  of  difierent  parts,  and  partly  by  the 
evolution  of  new  and  special  organs.  Thus  in  one  case,  it  is  the  thorax 
which  grows  more  rapidly  than  the  abdomen,  and  greatly  preponderates ; 
in  another,  it  is  the  abdomen  which  presents  the  greatest  increase  in  its 
dimensions;  in  other  instances,  again,  an  extraordinary  development' is 
seen  in  certain  extremities,  or  even  in  certain  articulations  of  these  ex- 
tremities. So,  again,  it  is  not  uncommon  for  certain  parts  which  were 
possessed  by  the  embryo  Crustacean,  to  become  atrophied  and  to  disap- 
pear; thus  still  further  tending  to  specialize  the  particular  form  in  its 
progress  towards  its  complete  development.  In  these  and  other  modes, 
the  laiwa,  which,  at  the  time  of  its  emersion  from  the  egg,  may  have  pre- 
sented no  characters  that  serve  to  distinguish  it  from  the  larvse  of 
numerous  other  very  dissimilar  forms,  gradually  comes  to  present  in 
succession  the  characters  of  its  tribe,  genus,  species,  and  sex.*  A  very 
good  example  of  this  kind  of  specialization  is  afforded  by  certain  para- 
sitic Crustacea  of  the  Entomostracous  group ;  which  have  their  forms  so 
altered  by  the  enormous  development  of  their  ovaries  (Fig.  75,  B,  a,  a), 
as  well  as  by  the  evolution  of  egg-sacs  {b,  b),  and  by  the  modification  of 
their  appendages  for  adhesion  and  of  their  mouth  for  suction,  that  they 
were  long  ranked  in  a  distinct  group,  under  the  designation  of  Epizoa, 
their  original  type  being  almost  obliterated.    Yet  it  is  now  known  that 

der  Thiere,"  1828,  the  envmciation  and  proof  of  tMs  very  doctrine  occupy  the  4th  section 
of  his  5th  Scholium.  At  that  period,  it  is  true,  the  relation  of  the  earliest  states  of  the 
embryonic  mass,  with  the  permanent  conditions  of  the  Protozoa,  had  not  been  detected  ;  but 
that  the  chorda  dorsalis,  the  most  characteristic  feature  of  the  Vertebrate  embryo,  is  the 
first  part  that  is  differentiated,  and  that  the  vertebrate  embryo  never  bears  the  slightest 
correspondence  to  the  special  radiate,  articulate,  or  molluscous  types,  is  over  and  over 
again  most  emphatically  asserted. 

*  See  the  Memoir  of  Prof.  Milne-Edvrards  already  cited ;  also  his  ' '  Histoke  des  Crus- 
taces,"  and  his  article  Crustacea  in  the  "  Cyclopsedia  of  Anatomy  and  Physiology,"  vol.  i. 
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.this  modification  is  exHbited  by  the  females  alone;  the  males  (a),  which 
are  often  so  small  as  to  be  mistaken  for  parasites  upon  the  female,  con- 
tinuing to  exhibit  the  ordinary  Entomostracous  type,  that  of  Nicothoe 

Fia.  76, 


A,  male  of  yicotJice  osteei.— b,  adult  female  of  the  same  species,  havmg  two  large  lateral 
appendages,  a,  a,  containing  the  ovaries,  as  well  as  two  egg-sacs,  I,  J;— c,  young  larva  viewed 
sideways  ;—D,  more  advanced  larva,  provided  with  all  its  members  ;—e,  larva  already  fixed, 
the  lateral  appendages  beginning  to  appear ;— p,  further  development  ot  the  same. 

bearing  a  close  resemblance  to  Cyclops  (Fig.  60) ;  and  the  change  in  the 
female  only  taking  place  gradually,  as  her  generative  apparatus  evolves 
itself  (c,  D,  E,  P) .*— If  we  turn,  on  the  other  hand,  to  the  Cirrhipeds,  we 
find  that  whilst  they  closely  agi-ee  with  Crustacea  in  their  larval  condi- 
tion and  must,  if  the  principle  of  development  be  foUowed  as  the 
sole  guide,  be  placed  at  no  great  distance  from  the  Entomostracous  sub- 
class, if  not  as  actual  members  of  it,  they  undergo  such  extraordmaiy 
metamorphoses  at  a  later  stage,  that  their  character  is  changed  m  a  de- 
gree sufficient  to  exclude  them  from  any  definition,  however  comprehen- 
sive, which  may  be  framed  for  that  class;  whilst  they  are  broiight  into 
much  closer  approximation  with  the  MoUusca,  than  is  exlubited  by  any 
other  group  of  the  Articulated  series  (§  U). 

*  Van  Beneden  'Surle  Developpement  et  1' Organization  des  Nicotho6s,'  in  "  Ann.  des 
Sci.  Nat.'    SiemeSerie,  Zoo!.,  torn,  xiii.,  p.  354,  et  seq. 
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77  Thus  then,  whether  we  compare  the  whole  assemblage  of  per- 
fected forms  which  make-up  any  one  group,  or  examine  into  the  progres- 
Se  tos  which  they  respectively  undergo  in  attaining  their  complete 
deveCment,  we  find  that  theii-  differences  essentially  consist  m  the 
S  veS^^^  of  the  elements  which  all  possess  m  common.  Hence 
^  Prof  Bell  remarks  with  special  reference  to  the  Crustacea,*  we  arrive  at 
Se  ™t  economical  principle,  that  the  typical  structure  of  <my  grovjp  he^ng 
givm,  the  di  ferer^t  habits  of  its  component  spec^es  or  — f.  ^^X/r/^:^; 
iidec  for,  not  by  the  creation  of  new  organs  or  the  destruction  ofotMrs  but 
by  thi  modification  inform,  structure,  or  place^f  organs  ^^/i^^^^a^  fo^^^^ 
iig  to  the  aW-Thus  the  proboscis  of  the  Elephant,  which  constitutes 
so  wonderful  an  instrument  of  prehension,  is  but  an  extended  nose;  and 
an  approach  to  a  like  extension  is  presented  by  the  Tapirs  among  exist- 
ing Mammals,  as  well  as  Qudging  by  the  conformation  of  the  cramum) 
by  various  extinct  Pachydermata.  The  wing  of  the  Bat,  as  we  l^^ve  seen, 
is  not  an  additional  member,  but  is  stretched  upon  an  extended  hand; 
that  of  the  Pterodactylus,  upon  a  single  finger.  The  neck  of  the  Giraffe 
contains  no  additional  vertebrae ;  but  is  adapted  to  its  offices  by  peculiar 
modifications  in  the  structure  of  the  limited  number  typical  of  the  Mam- 
mahan  class.  So,  the-  protective  shield  of  the  Turtles  is  not  so  complete 
an  addition  as  it  would  at  fii'st  appear,  to  the  ordinary  skeleton  of  the 
Reptile;  nor  in  the  homy  mandibles  which  cover  its  jaws,  have  we  an 
organ  widch  is  altogether  new  to  the  group,  since  these  axe  formed  by 
a  different  development  of  the  same  elements  as  those  from  which  teeth 
ai-e  elsewhere  produced.— So,  turning  to  the  Yegetable  kingdom,  we  find 
that  special  organs,  such  as  tendrHs,  pitchers,  fly-traps,  &c.  are  evolved 
out  of  the  more  general  type  of  the  leaf,  and  are  not  introduced  as  addi- 
tions to  the  ordinary  fabric. 

78.  Again,  we  find,  as  might  have  been  expected  under  the  foregoing  law, 
that  if  the  plan  of  structure  in  a  particular  tribe  involves  the  wow- 
development  of  some  organ  which  is  possessed  by  neighbouring  groups, 
its  conformity  to  archetypal  regularity  is  generally  manifested  by  the 
presence  of  that  organ  in  a  rudhnentary  or  undeveloped  condition. 
Thus,  we  find  some  rudiment  of  the  lung  in  most  Fishes,  even  where  it 
is  not  sufficiently  developed  to  serve  as  an  '  air-bladder'  in  regulating  the 
specific  gravity  of  the  body.  In  the  abdominal  muscles  of  Mammals, 
again,  we  find  the  abdominal  sternum  and  ribs  of  Saurian  Reptiles  indi- 
cated by  white  fibrous  bands ;  and  in  those  Mammals  which  do  not 
possess  a  clavicle,  that  bone  is  usually  represented  by  a  ligament,  just  as 
the  stylo-hyoid  ligament  in  Man  represents  a  portion  of  the  hyoidean 
arch  which  is  elsewhere  completely  ossified.  Such  rudimentary  struc- 
tures, however,  often  display  themselves  only  at  an  early  period  of 
development,  and  are  subsequently  lost  sight  of  Thus  the  ru.diments  of 
teeth,  which  are  never  developed,  and  which  at  a  later  period  cannot  be 
detected,  are  found  in  the  embryo  of  the  Whale,  both  in.  the  upper  and 
under  jaws;  and  Prof  Goodsir  has  ascertained  that  the  rudiments  of 
ganine  teeth,  and  of  the  incisors  of  the  upper  jaw,  which  are  not  subse- 
quently developed,  exist  in  the  embryoes  of  Ruminating  Mammals,  f 


*  "British  Crustacea,"  Introd.  p.  xiii. 
t  "Report  of  the  British  Association,"  1839,  p.  82. 
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The  most  remarkable  example  of  this  kind,  however,  is  the  existence  of 
branchial  arches,  resembling  those  of  the  Fish,  in  the  early  embryo  of  all 

air-breatliing  Mammalia,  as  will  be  hereafter  explained  (chap.  vi.).  The 

same  is  true,  as  a  general  rule,  in  the  Vegetable  kingdom ;  thus  when  a 
whorl  or  part  of  a  whorl  in  a  flower  is  suppressed,  the  deficiency  is 
manifested,  either  by  the  presence  of  the  undeveloped  organs  in  a  rudi- 
mentary form,  or  by  the  leaving  of  a  space  for  them  (so  to  speak)  in  the 
arrangement  of  the  parts  which  are  present.  Thus  in  the  Prim/rose  tribe, 
we  commonly  find  a  single  row  of  stamens  opposite  to  the  petals,  instead 
of  alternating  with  them,  according  to  the  regular  plan  of  floral  develop- 
ment (§  30) ;  and  hence  the  Botanist  would  conclude  that  a  whorl  has 
been  here  suppressed,  which  ought  to  intervene  between  the  petals  and 
the  stamens.  This  is  found  to  be  the  case  in  the  genus  Samolm,  whose 
flower,  formed  in  other  respects  upon  the  same  type  with  the  Primi-ose, 
possesses  the  rudiments  of  the  intermediate  row,  in  the  form  of  a  whorl 
of  little  scales,  not  developed  into  stamens.  In  the  common  Sage,  again, 
we  find  only  two  stamens,  where  the  general  plan  of  the  flower  would 
lead  us  to  expect  five ;  but  upon  looking  attentively  at  the  interior  of 
the  corolla,  two  little  scales  ai-e  often  to  be  seen  growing  in  the  place 
where  two  of  the  deficient  stamens  should  have  been ;  these  two  scales 
are  frequently  developed  as  perfect  stamens,  in  fiowers  which  are  other- 
wise constructed  precisely  like  the  Sage ;  and  even  the  fifth  makes  its 
appearance  in  some  instances,  exactly  where  it  should  be  regularly  found. 
Sometimes,  again,  the  conformity  to  a  common  type  is  manifested  by  the  fuU 
development,  under  cultivation,  of  organs  which  are  not  visually  evolved : 
thus  there  are  plants  in  which  one  set  of  flowers  is  purely  '  staminiferous,' 
from  the  non-development  of  the  carpellary  whorl,  whilst  another  set  is 
'  pistilline'  only,  from  the  non-development  of  the  stamens ;  and  in  which 
the  effect  of  increased  nutriment  is  to  develope  the  deficient  carpels  in 
one  set,  and  the  deficient  stamens  in  the  other,  so  as  to  render  both  of 
them  complete  and  '  hermaphrodite.' 

79.  The  attempt  has  been  made  to  bring  the  diversities  in  the  propor- 
tional development  of  organs  which  different  animals  possess  in  common, 
under  a  general  expression, — the  balancing  of  organs  ; — which  is  nothing 
else  than  that  which  is  alluded-to  by  Paley  and  other  aiithors,  as  the 
"  principle  of  compensation."  This  has  been  stated  in  the  following  most 
objectionable  form : — that  the  extraordinary  development  of  one  organ 
occasions  a  corresponding  deficiency  in  another,  and  vice  versd.  It  is 
perfectly  true  that,  in  a  great  majority  of  cases,  tJie  extraordinary/ develop- 
ment of  one  organ  is  accompanied  by  a  corresponding  deficiency  of  develop- 
ment in  another;  but  the  development  and  the  deficiency  are  both  of  them 
parts  of  one  general  plan,  and  neither  can  be  regarded  as  the  cause,  or  as 
the  effect,  of  the  other.  Thus,  ia.  the  Human  Cranium,  the  elements 
which  form  the  covering  or  protection  of  the  brain  are  veiy  lai-gely  deve- 
loped, whilst  those  which  constitute  the  face  are  comparatively  smaU.  In 
the  long-snouted  Herbivorous  Mammals,  as  in  Eeptiles  and  Fishes,  on  the 
other  hand,  the  great  development  of  the  bones  of  the  face  is  coincident 
with  a  very  small  capacity  of  the  cerebral  cavity.  In  the  Bat,  whilst  the 
anterior  extremity  is  widely  extended,  so  as  to  afford  to  the  ammal  the 
means  of  rising  in  the  air,  the  posterior  is  very  much  lightened,  so  as  not 
to  impede  its  flight.    In  the  Kangaroo,  on  the  other  hand,  the  posterior 
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Hxembers  are  very  laxge  and  powerfvJ,  enabl^-g  t^e  animal  to  take  long 
leaps  •  whilst  the  fore  paws  are  proportionaUy  small,    ihe  Mole  a  am, 
eS-es  for  its  underg^omd  burrows  the  power  of  excavatmg  with  ts 
Zlet  wM         W  legB  ai-e  used  for  propulsion  only;  and  the  rela- 

deXment  of  these  m^embers  follows  tl^e  samo  prop^^^^^^ 
Bat  althouW  the  plcm  in  the  two  cases  is  widely  difierent.  ^^J-oreovei  ii 
^  oWis  ihat,  from  the  peculiar  habits  of  this  animal,  eyes  would  be  of 
Lie  or  no  use  to  it;  and  accordingly  we  find  them  merely  rudimentary, 
md  no  caX  in  the  skuU  for  theii'  reception;  whHst  to  compensate  for 
the  ^nr^  tLm,  the  organ  of  smell,  and  its  -P-"^^;^^^^:: 
.irP  im-izino-lv  developed.  li  other  classes  of  animals,  similax-  lilustra- 
^ns^rt  S  tL  Birds  of  most  active  and  e-getic  ^ght^a^i^y 
have  the  smallest  and  feeblest  legs;  and  the  Stmthious  bu'ds,  m  which 
the  legs  are  enormously  developed,  have  only  rudimentary  wings,  bo 
atain,\mong  Reptiles,  L  find  the  vertebral  coW  most  lengthened  and 
the  tan  especially  developed,  in  those  whose  limbs  are  feeblest, 
altogether  deficient,  as  among  Serpents,  and  Serpent-like  Sauria  and 
Batrachia;  whUst,  if  the  limbs  are  the  principal  instruments  of  locomo- 
tion, as  in  Frogs  and  Turtles,  the  vertebral  column  is  shortened,  and  the 
tail  contracted.  And  in  Fishes,  the  same  general  rule  holds  good.— in 
no  class,  however,  is  this  rule  without  its  exceptions;  and  it  must  be 
taken  rather  as  an  expression  of  facts,  possessing  a  certain  empmca^  value, 
than  as  entitled  to  the  character  of  a  'law'  of  development,  which  some 

would  claim  for  it.  ,.11,4.1, 

80.  Another  principle,  propounded  by  Cuvier,  and  supported  by  those 
who  have  adopted  the 'functional'  or  ' teleological'  (pui-posive)  rather 
than  the  'homological'  relations  of  organs  as  their  guide,  is  that  ot  the 
Imrniony  of  forms,  or  the  coexistence  of  elements.    It  implies  that  there  is 
a  necessity,  arising  out  of  the  conditions  of  organic  existence,  for  the 
combination  of  organs  according  to  their  several  actions;  that  there  is  a 
constant  harmony  between  organs  which  are  fimctionaUy  connected;  and 
that  the  altered  form  of  one  is  invariably  attended  with  a  corresponding 
alteration  in  the  others.    A  general  comparison  of  the  skeleton  of  a 
Carnivorous  with  that  of  an  Herbivorous  quadruped,  will  furnish  a  charac- 
teristic Ulustration  of  this  doctrine.    The  Tiger,  for  example,  is  fui-nished 
with  a  cranial  cavity  of  considerable  dimensions,  in  order  that  the  size  of 
the  brain  may  correspond  with  the  degree  of  intellect  which  the  habits  of 
the  animal  require.    The  face  is  short,  so  that  the  power  of  the^  muscles 
which  move  the  head  may  be  advantageously  applied.    The  canine  teeth 
are  large  and  pointed ;  whilst  the  molars  have  sharp  edges,  adapted  only 
for  cutting,  to  which  purpose  they  are  most  effectively  applied  by  the 
scissors-like  action  of  the  jaw.    The  lower  jaw  is  short,  and  the  cavity  in 
which  its  condyle  works  is  deep  and  narrow,  allowing  no  motion  but  that 
of  opening  and  shutting;  the  fossa  in  which  the  temporal  muscle  is 
embedded,  is  very  large;  and  the  muscle  itself  is  attached  to  the  jaw  in 
such  a  manner  as  to  apply  the  power  most  advantageously  to  the  resist- 
.ance.    The  spinous  processes  of  the  vertebrae  of  the  back  and  neck  are 
very  strong  and  promiuent,  giving  attachment  to  powerful  muscles  for 
raising  the  head,  so  as  to  enable  the  animal  to  carry  ofi"  his  prey.  The 
bones  of  the  extremities  are  disposed  in  such  a  manner,  as  to  allow  the 
union  of  strength  with  freedom  of  motion ;  the  head  of  the  humerus  is 
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round,  and  tlie  articular  surfaces  of  the  fore-arm  indicate  that  it  possesses 
the  power  of  pronation  and  supination.  The  toes  are  separate,  and  armed 
with  claws,  which  are  retracted  when  not  in  use  by  a  special  apparatus 
that  leaves  its  mark  upon  the  bones.— On  the  other  hand,  in  the  con- 
formation of  the  Herbivorous  quadruped,  we  are  at  first  struck  by  the 
diminished  capacity  of  the  cranium,  and  the  increased  size  of  the  bones  of 
the  face.  The  jaws  are  long,  and  the  lower  jaw  has  a  great  degi-ee  of  lateral 
motion,  the  glenoid  cavity  being  broad  and  shallow;  and  whilst  the  ptery- 
goid fossa,  in  which  the  muscles  that  rotate  it  are  lodged,  is  of  large  size, 
the  temporal  fossa  is  comparatively  small,  no  powerful  biting  motions  being 
requii-ed-  by  the  nature  of  the  food  or  the  mode  of  obtaining  it.  The 
front  teeth  are  fewer  and  smaller;  but  the  surfaces  of  the  grinding  teeth 
are  extended,  and  are  kept  constantly  rough  by  the  alternation  of  dentine 
and  enamel.  The  limbs  are  more  solidly  formed,  and  have  but  little 
freedom  of  motion,  the  hip  and  shoulder  being  scarcely  more  than  hinge- 
joints;  the  extremities  are  encased  in  hoofs,  which  are  double  if  the 
animal  ruminates,  and  either  single  or  multiiDle  if  it  does  not.  The  whole 
body  is  heavier  in  proportion,  the  nutritive  system  being  more  compli- 
cated ; '  and  the  muscles  which  enable  the  tiger  to  lift  considerable 
weights  in  his  mouth,  are  here  necessary  to  support  the  weight  of  the 
head  itself. 

81.  That  this  statement  is  true  so  far  as  it  goes,  no  one  c^n  deny;  and 
the  researches  which  have  been  based  upon  it  have  been  most  successful 
in  repeopling  the  globe,  as  it  were,  with  the  forms  of  animals  which  have 
long  been  extinct,  b\it  which  can  be  certainly  predicated  even  from 
minute  fragments  of  them.  A  little  consideration,  however,  wiU  show 
that  the  existence  of  such  adaptations  of  jiarts  is  nothing  more  than  a 
result  of  the  general  plan  of  development,  and  gives  us  no  information  of 
the  nature  of  that  plan.  It  is  evident  that,  if  it  were  deficient,  the  race 
must  speedily  become  extinct,  the  conditions  of  its  existence  being  no 
longer  fulfilled ;  and  that  whatever  be  the  laws  of  development,  they  must 
operate  to  this  end,  in  order  that  the  world  may  be  peopled  with  life. 
An  animal  with  the  carnivorous  propensity  of  the  Tiger,  for  instance,  and 
the  teeth  or  hoofs  of  a  Horse,  could  not  remain  alive  from  the  want  of 
power  to  obtain  and  prepare  its  aliment ;  nor  would  a  horse  be  the  better 
for  the  long  canine  teeth  of  the  tiger,  which  would  prevent  the  grinding 
motion  of  his  jaws  required  for  the  tritui'ation  of  the  food. — The  statement 
above  given  cannot,  therefore,  be  regarded  as  a  law;  since  it  is  nothing 
more  than  the  expression,  in  an  altered  form,  of  the  fact,  that  as  the 
life  of  an  organised  being  consists  in  the  performance  of  a  series  of  actions, 
which  are  dejjendent  upon  one  another,  and  are  all  directed  to  the  same 
end,  whatever  seriously  interferes  with  any  of  these  actions  must  be  in- 
comiDatible  with  the  maintenance  of  its  existence.  The  splendid  dis- 
coveries of  Cuvier  and  other  anatomists,  who  have  succeeded  in  deter- 
mining, from  minute  fragments  of  bones,  the  characters  of  so  many 
extraordinary  species  of  remote  epochs,  have  resulted  from  the  sagacious 
appreciation  of  this  truth,  and  from  the  use  made  of  it  in  the  laborious 
comparison  of  these  remains  with  the  similar  parts  of  animals  now  exist- 
ing. UntU  ,that  comj)rehensive  Plan  shall  have  been  discovered,  of 
which  these  are  so  many  individual  manifestations,  no  briefer  process  can 
be  adoi3ted.  ' 
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82.  Tlio  tendency  to  conformity  to  an  ideal  '  arclietype'  is  frequently 
slio-vvn,  in  a  most  remarkable  manner,  by  the  occurrence  of  Monstrosities; 
which,  though  once  regarded  by  men  of  science  with  feelings  very  little 
higher  than  those  with  which  they  are  still  looked-on  by  the  vulgar,  may 
now  be  considered  as  among  the  most  interesting  and  suggestive  of  all  the 
illustrations  of  '  Unity  of  Design since  of  these  malformations,  a  con- 
siderable proportion  are  such  in  virtue  of  their  closer  conformity  to  the 
general  model,  those  modifications  of  it  which  are  characteristic  of  the 
special  form  not  having  been  evolved.  Some  of  the  most  curious  examples 
of  this  ai-e  furnished  by  the  Vegetable  kingdom. — Thus,  the  families 
Lamiacce  and  Scroplmlarineai  are  distinguished  by  that  peculiar  form  of 
corolla  which  is  denominated  labiate,  from  the  two  large  Hps  bounding  its 
mouth;  and  the  stamens,  instead  of  being  five  (like  the  sepals  of  the 
calyx),  are  only  four  in  number,  and  are  '  didynamous,'  that  is,  two  are 
longer  than  the  other  two.    Now  in  these  points,  there  is  a  departure 
from  that  symmetrical  arrangement,  and  that  equality  of  parts,  which  are 
characteristic  of  the  regular  flower;  this  departure  being  a  modification 
special  to  the  order,  superinduced  upon  the  more  general  type.  A  further 
modification  is  seen  in  certain  genera  of  the  Scrophularinece,  such  as  the 
common  Antirrhini^m  (Snapdragon),  in  which  a  long  spur  is  developed 
fr'om  one  only  of  the  petals  of  the  corolla,  whilst  the  upper  lip  is  deve- 
loped in  such  a  manner  as  to  form  an  arch,  against  which  the  lower  lip 
closes  completely,  forming  what  is  termed  a  ringent  corolla.  Now  in  cul- 
tivated specimens  of  this  plant,  it  is  not  uncommon  to  meet  with  a  rever- 
sion to  the  regular  type ;  the  petals  being  all  equal  and  similar,  so  as  to 
produce  a  cii'cularly-symmetrical  corolla,  and  each  of  them  having  a  spur 
developed  from  its  under  side ;  while  the  stamens  are  augmented  to  five 
in  number,  and  are  all  of  equal  length.    So,  again,  in  the  common 
Tropceolwin  (Nasturtium),  which  in  its  normal  state  possesses  one  spurred 
petal,  the  tendency  to  regularity  is  exhibited,  sometimes  in  the  disappear- 
ance of  the  spur,  sometimes  in  the  development  of  the  same  appendage 
from  other  petals.    The  breaking-up  of  the  whorls  of  a  flower  by  the 
development  of  the  internodes,  so  that  its  parts  are  found  to  be  disposed 
in  a  regular  spiral  round  the  axis  (which  may  be  occasionally  seen  in  the 
double  Tulip  and  in  some  of  the  Euphorbiacse),  is  an  example  of  reversion 
to  a  still  more  general  plan,  of  which  the  flower  itself  is  a  special  modifi- 
cation ;  and  the  same  may  be  said  of  that  reversion  of  each  of  the  parts 
of  the  flower  to  the  foliaceous  type,  which  is  sometimes  witnessed  in  a 
single  whorl,  sometimes  in  the  whole  flower  at  once  (§  30). — In  the 
Animal  kingdom  it  is  not  difficult  to  trace  the  same  tendency;  the 
departures  from  the  normal  type,  however,  being  for  the  most  part 
gi-eater  in  internal  structure  than  in  external  conformation.    Of  the 
former  kind,  some  of  the  most  interesting  are  those  which  will  be  here- 
after described  as  presenting  themselves  in  the  Circulating  apparatus 
(chap,  v.) ;  of  the  latter,  the  most  frequent  (as  among  Plants)  are  those 
which  occur  in  the  generative  system.    For  example,  among  the  higher 
Mammals,  in  which  the  specialization  of  the  sexual  apparatus  is  the 
greatest,— that  is,  in  which  the  difierences  of  the  male  and  female  organs 
are  most  strongly  marked,— it  is  not  at  all  uncommon  to  meet  with  in- 
stances of  'spiuious  hcrmaphrodism,'  which  are  reaUy  nothing  else  than 
approximations  to  the  community  of  type  that  is  seen  transiently  in 
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an  early  stage  of  their  development,  and  permanently  in  those  lower 
tribes,  wLose  external  generative  organs  are  nearly  alike  in  the  two  sexes. 
Thus  in  an  animal  whose  general  charactei's  ai'e  those  of  the  male,  we  may 
find  the  penis  imperfectly  developed,  and  not  perforated  by  the  urethra, 
which  terminates  in  m-o-genital  fissure  that  opens  posteriorly ;  and  the 
two  halves  of  the  scrotu.m,  separated  by  this  fissvn-e,  may  resemble  the 
labia  of  the  female,  the  testes  not  having  descended  to  occupy  them.  On 
the  other  hand,  in  an  animal  in  which  the  characters  of  the  female  on  the 
whole  predominate,  the  upper  part  of  the  vaginal  canal  may  be  closed,  so 
that  it  cannot  be  distinguished  from  the  uro-genital  fissure  found  in  an 
imperfect  male ;  the  clitoris  is  sometimes  developed  to  a  veiy  large  size, 
and  the  urethra  may  be  continued  to  its  extremity,  either  as  a  complete 
canal,  or  as  a  groove ;  and  the  ovaries,  descending  into  the  labia,  may  give 
them  the  character  of  a  divided  scrotum. 

83.  The  '  idea'  of  progress  from  the  more  general  to  the  more  special, 
which  we  have  thus  found  to  prevail  alike  ia  the  completed  structure  of 
the  existing  types  of  Vegetable  and  Animal  organization,  and  in  the 
developmental  process  by  which  they  attain  it,  may  also  be  traced  in 
that  long  series  of  organic  forms  which  have  successively  appeared  and 
disappeared  on  the  face  of  this  globe,  and  have  finally  given  place  to 
those  of  our  own  epoch.    The  entombment  of  the  remains  of  many  of 
these,  in  the  strata  in  progress  of  formation  at  the  time  pf  their  exist- 
ence, has  enabled  the  Palaeontologist  to  reconstruct,  to  a  certain  extent, 
the  Fauna  and  Flora  of  each  of  those  great  epochs  in  the  Earth's  history, 
which  are  distinctly  marked-out  in  Geological  time,  both  by  extensive 
distui'bances  in  the  earth's  crust,  and  by  striking  changes  in  the  structure 
and  distribution  of  the  living  beings  which  dwelt  upon  it.  Each  of  these 
epochs  was  characterized  by  some  peculiar  forms,  or  combiaations  of 
forms,  of  Animal  and  Vegetable  life,  which  existed  in  it  alone  j_  and  the 
farther  we  go  back  from  the  existing  period,  the  wider  are  the  diversities 
which  we  encounter,  both  in  that  general  aspect  of  these  kingdoms  of 
nature  which  depends  upon  the  relative  proportions  of  their  different 
subordinate  groups,  and  in  the  features  and  structure  of  the  beings  com- 
posiag  these  groups.    The  attempt  has  been  made  to  prove,  that  these 
changes  might  be  reduced  to  a  law  of  '  progressive  development]'  mean- 
incr  by  this,  that  the  lowest  forms  of  Vegetable  and  Annual  hfe  were 
first  introduced,  that  those  of  the  least  degree  of  elevation  next  pre- 
sented themselves,  and  so  on  consecutively,  untd  we  reach  Man,  who,  as 
the  highest  in  the  series,  was  the  last  to  make  his  appearance  upon  the 
(rlobe     Further,  it  has  even  been  surmised  that  an  actual  'transmuta- 
tion' of  the  lower  forms  into  the  higher  took  place  in  the  course  of  geo- 
logical time;  so  that,  from  the  germs  first  introduced,  or  from  others 
which  have  since  originated  •  in  combinations  of  inorganic  matter,  the 
whole  succession  of  organic  forms,  from  the  simplest  Protophyte  up  to 
the  Oak  or  Palm,  from  the  Protozoon  up  to  Man,  has  been  gradiially 
evolved;  not,  however,  in  a  single  series  but  from  several  distmct  sHr^^ 
whose  development  has  taken  different  directions.*    The  facts  of  Geolo- 

*  See  the  "Vestiges  of  Creation,"  in  which  this  hypothesis  is  put  forth  and  sustained 
with  great  ingenuity. 
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gical  science,  however,  do  not  seem  to  bear  out  tlie  first  of  these  doctrines ; 
and  the  facts  of  Physiology  lend  no  real  support  to  the  second.  For  it 
is  easily  capable  of  being  shown,  that  although  the  doctrine  of '  progres- 
sive development'  as  just  stated  may  he  true  in  some  of  its  main  features, 
— Eadiata,  MoUusca,  and  Articidata  having  perhaps  existed  before  any 
Vei-tebrated  animals  left  traces  of  their  existence,  Fishes  having  been 
abimdant  before  we  have  any  distinct  evidence  from  the  remains  of 
Reptiles  that  the  latter  had  been  introduced,  and  Reptiles  having  been 
for  a  time  the  sole  air-breathing  Vertebrata,  and  having  occupied  the 
place  (so  to  speak)  of  Birds  and  Mammals,  when  as  yet  these  had  been  either 
very  scantily  produced  or  were  altogether  wanting, — yet  that  when  we 
come  to  apply  it  more  closely,  it  altogether  fails.  And  even  if  the  doc- 
trine of  2}rogressive  development,  in  its  usual  form,  were  true  in  every 
particular,  it  would  afford  no  ground  whatever  for  the  doctrine  of  trans- 
mutation, which  is  not  only  opposed  to  all  our  experience,  but  which 
fails  to  account  for  the  intimate  nexus  that  so  commonly  unites  together, 
not  merely  the  higher  and  the  lower  forms  of  each  series,  but  the  members 
of  different  series  with  each  other.  The  question  how  far  any  real  sup- 
port is  afforded  to  this  hypothesis  by  the  physiological  facts  which  have 
been  advanced  in  its  behaK,  and  which  have  been  supposed  to  prove  the 
possibility  of  su.ch  transmutation,  will  be  more  advantageously  considered 
hereafter  (chap.  xi). 

84.  A  more  satisfactory  account  of  the  Succession  of  Organic  Life  on 
the  svu-face  of  the  globe,  may  probably  be  found  in  the  general  plan 
which  has  been  shown  to  prevail  in  the  development  of  the  existing 
forms  of  organic  structure ; — namely,  the  passage  from  the  more  general 
to  the  more  special.  This  seems  to  be  manifested  in  two  modes. — In  the 
first  place,  we  find  a  certain  class  of  cases  in  which  extinct  animals, 
especially  the  earliest  forms  of  any  class  that  may  be  newly  making  its 
appearance,  present  indications  of  a  closer  conformity  to  'archetypal 
generality,'  than  is  shown  in  the  existing  animals  to  which  they  bear  the 
closest  approximation ;  and  hence  their  conformity  to  the  latter  is  closer 
in  the  embryo-condition  of  these,  than  in  their  fully  developed  and  more 
specialized  state.  Thus  the  Trilohites  (Fig.  76,  a)  of  the  Palaeozoic  for- 
mations are  more  nearly  represented  at  the  present  time  by  the  larval 
forms  of  certain  Entomostracous  Crustacea,  than  by  the  adult  forms  of 
any;  their  resemblance  being  pecidiarly  close  to  the  larva  of  the 
Limulus  (Fig.  76,  b),  which,  when  it  quits  the  egg,  is  destitute  of  the 
pecyiliar  bayonet-shaped  weapon  proceeding  from  the  post-abdominal 
division  of  the  body  in  the  adult,  and  also  has  the  cephalo-thorax  rela- 
tively smaller,  and  the  abdomen  longer  and  more  trilobed.  Before  the 
Secondary  period,  we  have  no  vestiges  of  the  higher  types  of  Crustacean 
structure;  the  seas  having  been  tenanted  only  (so  far  as  at  present 
known)  by  gigantic  Entomostraca.  In  the  secondary  strata,  however,  we 
find  numerous  remains  of  the  Decapodous  order,  which  includes  the 
most  specialized  forms  of  the  class;  but  nearly  all  these  belong  to  the 
macrowrous  sQQiion  of  it,  wliich  departs  least  from  archetyjDal  regu- 
larity. It  is  in  the  Cretaceous  period,  that  we  first  meet  with  forms 
that  are  referrible  to  the  intermediate  cmomourous  section;  and  not 
until  after  the  commencement  of  the  Tertiary,  do  we  find  well-marked 


108      GENERAL  PLAN  OP  OKGANIC  STRUCTUBE  AND  DEVELOPMENT. 


examples  of  tlie  proper  hrachyowous  type.  Now  this  succession  of  forms 
is  closely  pai-alleled  by  that  which  is  presented  by  the  common  Crab  in 


Fio.  76. 


A,  Ogygia  Buchii,  a  Lower  Saurian  Trilobite :  B,  Limtdus  moUceanus  (recent). 

the  course  of  its  development  (Fig.  77);  for  its  larva  is  at  first  essentially 

Fig.  77. 


MetamorphoBiB  of  Caroinm  Mmna,:-L,  first  Btage;  B,  second  Btage;  c,  third  stage,  in 
which  it  begins  to  assume  the  adult  form ;  d,  perfect  iorm. 

entomostracous,  then  macroui-ous,  and  then  anomourous ;  the  brachyoiu-ous 
form,  which  constitutes  the  gi-eatest  departure  fi'om  archetype  bemg  only 
assumed  at  the  close  of  this  series  of  clianges.-_So  ^§7' ^l,f^f'^;  ^^^^^^ 
has  pointed  out,  since  no  completely  ossified  vertebra  of  a  Fish  has  yet 
been  discovered  in  the  Silurian  and  Devonian  peiiods,  notwithstanding  the 

*  See  Prof.  Owen's  Huntexian  Lectures  "On  the  Generation  and  Development  of  the 
InveSrS  Anmals,"  for  1849,  in  the  "Medical  Times,"  vol.  xx.,  pp.  371-3. 
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<rreat  number  of  species  whose  remains  are  known  to  us,  the  evidence  seems 
conchisivethat  all  the  Fishes  of  that  time,  whatever  may  have  been  their 
deoree  of  development  in  other  respects,  could  have  not  advanced  beyond 
the  embiyonic  grade  of  the  greater  number  of  existing  Fishes,  as  regards 
the  structure  of  their  spinal  column.  Moreover,  in  nearly  aU  the  earlier 
Fishes,  as  was  first  pointed-out  by  Prof  Agassiz,  we  find  a  conformation 
of  the  tail  which  difi"ers  from  that  prevailing  amongst  the  existing 
Fishes,  but  con-esponds  with  that  which  presents  itself  in  the  embryonic 
state  of  the  latter.  For  in  most  of  the  Osseous  fishes  of  the  present 
epoch,  the  bodies  of  several  of  the  terminal  caudal  vertebrae  coalesce,  so 
that  the  spinal  column  appears  to  end  abruptly,  whilst  their  neural  and 
hasmal  arches  and  spines  are  equally  developed  above  and  below,  so  as 
to  form  the  'homocercal'  tail  represented  in  Fig.  78,  a;  in  almost 
every  Fish  anterior  to  the  Liassic  period,  on  the  other  hand,  the  tail 
was  formed  upon  the  '  heterocercal'  type,  the  vertebral  column  being  con- 
tinued onwards  into  its  upper  lobe,  which  is  consequently  the  largest  (b). 

Fio,  78. 


A,  Homocercal  tail ;  B,  Heterocercal  tail. 

Now  it  is  obiously  the  '  heterocercal'  tail,  wliich  departs  least  from  the 
'  archetype;'  and  we  find  that  even  those  Fishes  which  present  the  'homo- 
cercal' conformation  in  their  mature  condition,  have  theii-  tails  originally 
'  heterocercal.'  Thus  as  the  '  heterocercal'  tail  is  the  most  general  character 
of  the  class,  being  possessed  by  every  fish  at  some  period  of  its  existence, 
whilst  the  '  homocercal'  conformation  is  specially  limited  to  a  section  of 
the  class,  the  all-but-universal  prevalence  of  the  former  during  the  earlier 
periods  of  the  life  of  the  class  in  our  seas,  and  the  comparatively  late 
appearance  of  the  lattei",  constitute  a  very  remarkable  example  of  this 
form  of  the  doctrine  above  stated. — The  Geological  history  of  the 
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Reptilian  class  (as  remarked  by  Prof.  Owen)  furnislies  many  illustra- 
tions of  the  same  character.  Thus  in  the  earlier  Crocodiles  (as  the 
Teleosaurus  of  the  Oolitic  formation),  the  vertebrae  were  biconcave,  as  in 
the  embryo  of  the  existing  crocodiles;  but  this  structure  is  exchanged 
in  the  succession  of  species,  as  in  the  development  of  the  individual, 
for  the  ball-and-socket  articulation  characteristic  of  Reptiles  generally. 
— So,  Mammalia  seem  first  to  have  become  numerous,  and  to  have 
presented  a  diversified  range  of  forms,  at  the  commencement  of  the  Ter- 
tiary epoch ;  and  in  many  of  the  earlier  Mammals,  a  closer  confennity  to 
'  archetypal  generality'  is  to  be  discovered,  than  in  the  perfected  forms 
of  their  existing  representatives,  though  paralleled  (as  in  the  previous 
cases)  by  their  embryonic  conditions.  This  is  especially  true  in  regard 
to  the  dentition;  which,  in  most  of  the  earlier  tertiary  Mammals,  was 
remarkably  conformable  to  the  general  type;  the  faU  number  of  44 
teeth  being  nearly  always  present,  whether  the  animal  was  herbivorous 
or  carnivorous;  and  the  modifications  whereby,  they  were  specially 
adapted  to  animal  or  vegetable  food,  being  effected  with  far  less  amount 
of  differentiation  among  them,  than  exists  in  the  like  organs  at  the 
present  time.  The  same  tendency,  however,  may  be  observed  in  other 
parts  of  their  organization.  ThuSj  the  earliest  species  of  Palceotheriiim, 
Fie  79  (a  herbivorous  quadruped,  having  some  affinity  with  the  Tapir, 

Fig.  79. 


Skeleton  of  PalcBotherium  magnum. 

but  more  with  the  Horse,  of  the  present  epoch)  had  the  complete  typical 
but  more  wx  well-developed  toes  on  each  foot;  but  a  later 

It^r^ai^^^^^^^  -or?  closely,  in  the  reduction  of  the  outer 

aEnSes  leaving  the  central  one  much  larger  m  proportion;  and 
^  t  S-TlT  later  snelies  the  outer  and  inner  toes  are  much  more  reduced, 
m  a  still  latei  rest  of  the  skeleton  and  teeth  are 
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in  the  early  Mammals  that  most  resemble  the  Kuminants  of  the  present 
clay  the  most  special  characters  of  the  group  are  wanting,  or  are  veiy 
feebly  manifested.  Thus  the  Dicobwne,  Dichodon,  and  Anoplotlienum, 
which  may  be  inferred  ft'om  the  structure  of  their  teeth  and  from  the 
conformation  of  theii^  feet  to  have  been  ruminating  Mammals,  were 
impossessed  of  horns,  had  canines  and  incisors  in  both  the  upper  and 
lower  jaws,  and  retained  through  life  that  separation  of  the  two 
metacai-pal  and  metatarsal  bones,  which  exists  in  the  true  Buminants 
only  during  the  embryo  state,  these  bones  subsequently  coalescing  in  them 
into  the  single  '  cannon-bone.'  Hence,  as  Prof  Owen  has  remarked,  they 
depart  less  widely  from  the  archetype,  than  do  the  existing  Euminants; 
and  are  more  nearly  allied  to  the  embryo-states  of  the  latter,  than  to 
theii-  adxilt  forms.  Again,  a  very  wide  departure  from  the  normal  type 
of  dentition  is  exhibited  in  the  Proboscidian  tribe  of  Pachyderms,  repre- 
sented in  the  present  day  by  the  Elephant  alone;  for  whilst  the  incisors 
of  the  upper  jaw  acquire  those  enormous  dimensions  which  obtain  for 
them  the  name  of  tusks,  those  of  the  lower  are  absent ;  and  whilst  the 
true  molars  not  only  acquire 

a  large  size,  but  a  remark-  F^"^-  St- 

able complexity  of  struc- 
ture, the  pre-molars  are 
suppressed,  N'ow  the  den- 
tition of  the  first  known 
representative  of  this  order, 
the  primeval  Mastodon,  de- 
parted far  less  from  the 
typical  condition,  than  that 
of  the  later  Proboscidians; 
for  not  merely  is  the 
structure  of  its  true  molars 
(Pig.  80)  more  simple,  but 
a  permanent  pre-molar  is 
found  on  either  side  of 
each  jaw;  and  in  many 
species  two  incisors  are 
developed  in  the  lower  jaw, 
these  being  sometimes  re- 
tained through  the  whole  of  life.  This  prevalence  of  the  normal  or 
typical  dentition  among  the  earlier  Mammals,  is  seen  not  merely  in 
the  herbivorous,  but  also  in  the  carnivorous  species  of  the  older  tertiaiy 
strata;  thus  whilst,  of  modem  Carnivora,  the  Bear  departs  from  it  least, 
the  only  tooth  which  is  wanting  being  the  third  trae  molar  in  the  upper 
jaw,  even  this  departure  is  not  found  in  the  ancient  Amphycyon,  which 
presents  the  typical  formula.* 

*  'y^'f  P^'l^Plf  expounded  in  this  paragraph  has  been  prominently  enunciated  and  Olus- 
trated  by  Frot.  Owen  m  various  parts  of  his  writings.  The  remarkable  facts  here  stated 
with  re.spect  to  the  dentition  of  Mammalia,  are  contained  in  his  article  'Teeth'  in  the 

Cyclopaedia  of  Anatomy  and  Physiology,"  vol.  iv.  A  masterly  exposition  of  this  general 
doctrine  as  opposed  to  the  '  uniformitarian'  theory,-that  animal  and  vegetable  life  were 
as  highly  developed  in  the  earlier  periods  of  geological  history,  as  at  the  present  timl  - 
wUl  be  found  in  the  "  Quarteriy  Review,"  vol.  IxZxbc.,  p.  412  et  seq      ^  ' 


Molar  tooth  oi'  Mastodon. 
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85.  But  the  passage  from  the  more  general  to  the  more  special  is 
shown,  not  merely  in  the  closer  conformity  of  the  more  ancient  forms, 
as  compared  with  the  existing,  to  archetypal  generality,  but  also  in  the 
mode  in  which  special  characters  are  often  first  evolved.  For  it  fre- 
quently (perhaps  generally)  happens,  that  the  earliest  forms  of  each  prin- 
cipal group  are  not  the  lowest;  but  that  they  present  in  comhinaiion  those 
characters  which  are  foiind  to  be  sefarately  distributed,  and  more  dis- 
tinctly manifested,  among  groiips  that  have  subsequently  made  their  ap- 
pearance.— One  of  the  most  curious  exemplifications  of  this  principle  in 
the  Radiated  division  of  the  Animal  kingdom,  is  to  be  found  in  the  history 
of  the  class  Uchinodermata;  for  the  group  which  seems  to  have  attained 
a  high  development  at  the  earliest  period,  is  not  that  of  Grvnoidea,  by  which 
the  class  in  question  is  most  closely  connected  with  Zoophytes,  but  that  of 
Cystidea  (Fig.  81),  which  (there  is  reason  to  believe)  was  much  superior 
to  this  in  general  organisation.  Now  this  order  seems  to  have  presented  a 

most  extraordinary  combination  of  the  distinc- 
tive characters  of  the  remaining  groups;*  of 
which  some  appear  not  to  have  existed,  and 
the  rest  to  have  presented  a  very  limited  range 
of  forms,  at  the  time  when  it  was  predomi- 
nant. Thus,  the  Crinoidea  of  the  Palaeozoic 
period,  though  very  numerous,  exliibit  but 
little  vaiiety  of  type;  and  in  the  complete 
enclosure  of  the  body  by  polygonal  plates, 
they  present  a  closer  approximation  to  the 
Cystidea,  than  do  the  Crinoidea  of  the  Second- 
aiy  period,  in  which  the  variety  of  forms  is 
much  greater.  So,  again,  the  Asteriada  and 
Ophiurida  of  the  Palaeozoic  period  appear  to 
have  represented  only  a  small  part  of  the  forms 
which  those  groups  have  since  included.  It  is 
probable  that  the  true  EcUnida  did  not  exist  at  all  in  the  Palaeozoic 
period  ;t  and  although  we  are  unfortunately  not  likely  ever  to  obtain 
proof  or  disproof  of  the  existence  of  Holoihuriada,  it  cannot  but  be  thought 
probable  that  they,  too,  were  as  yet  absent.  In  the  Secondary  period,  on 
the  other  hand,  when  the  Cystidea  had  ceased  to  exist,  we  have  evidence 
(save  as  to  the  Holothuriada,  the  softness  of  whose  bodies  would  be  likely 
to  prevent  their  preservation)  that  they  were  replaced  by  aU  the  orders 
just  named ;  and  these  soon  came  to  present  a  very  high  degi'ee  of  develop- 

*  The  order  Cystidea,  as  remarked  by  Prof.  E.  Forbes  ("Memoirs  of  the  Geological 
Survey  of  Great  Britain,"  vol.  ii.)  seems  to  have  been  intemediate  m  stnictm-e  between  the 
CHnoidea,  OphMa,  Asteriada,  and  l^c},imda;forii  agreed  with  the  first  in  the  attach- 
ment of  the  body  by  a  stem,  and  in  possessing  an  intestme  with  an  anal  orifice ;  the  stnicture 
SThe  anns,  in  the  species'that  possess  them,  accords  with  that  of  the  second ;  the  di^sion 
of  the  body  into  lobes,  in  certain  genera,  links  it  with  the  thii-d ;  and  he  enclosure  of  the 
body  ^vithii  a  box-lik^  sheU,  formed  of  polygonal  plates,  shows  its  affinity  with  the  fourth 
In  additk!^  it  may  be  remarked,  the  singleness  of  the  generative  orifice,  is  a  sti-ong  Imk 
of  connection  with  the  Holothuriada  (§40).  „      r     j  i.  • 

tThe  geneTa  PaM««s  and  PaMocidwns,  which  have  been  usuaUy  referred  to  this 
group",  are  considered  by  Prof.  E.  Forbes  as  connecting  links  between  the  Cystidea  and  tnie 
Echinida,  approximating  most  nearly  to  the  former. 


Caryocrinites  ornatus,  one  of 
the  Cystidea. 
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Fig.  82. 


ment,  dividing  among  them  (so  to  speak)  the  characters  possessed  by  the 
Cystidea,  and  carrying 
these  out  separately  as 
the  distinctive  pecu- 
liai-ities  of  theii-  re- 
spective types. — The 
earliest  Bivalve  Mol- 
lusk  yet  discovered, 
belongs  to  the  exist- 
ing genus  Lingula, 
(Fig.  82) ;  which,  while 
essentially  Brachiopo- 
dous  in  structure,  has 
no  shelly  frame-work, 
like  that  of  the  typi- 
cal Brachiopods,  for 
the  attachment  of  its 
arms,  these  being  free 
throiighout ;  whilst, 
on  the  other  hand,  its 
mantle  exhibits  plait- 


lA/ngula  anatina. 


ed  processes  on  its  inner  surface,  which  correspond  with  the  early 
stage  of  formation  of  the  specialized  gills  of  the  Lamellibranchiata;  so 


Fig.  83. 


Fig.  84. 


Shell  ol'  Nim/Um  mmpilim,  cut  open  to  show 
the  chambers  and  the  siphon. 


Orihooeratite.  A,  Exterior  j  b,  Section, 
showing  the  chambers  and  siphunole. 


I 
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that,  whilst  more  elevated,  in  regard  to  its  respiratory  apparatus  at  least, 
than  the  Brachiopods  which  subsequently  make  their  appearance,  it  is 
so  in  virtue  of  its  possession  of  Lamellibranchiate  characters. — Among 
the  higher  MoUusca,  again,  we  find  that  a  prominent  place  in  the  earlier 
formations  was  occupied  by  the  group  of  Tetrahranchiata,  including  the 
Nautilus  and  its  allies  (Figs.  83,  84) ;  wliich  presents  the  lowest  develop- 
ment of  the  distinctive  characters  of  the  Cephalopod  class,  and  which 
has  much  in  common  with  the  testaceous  Gasteropods.    Now  there  is  no 
evidence  of  the  existence  of  the  higher  order  of  '  Dibranchiate'  Cephalo- 
pods,  at  that  early  date  in  the  Paljeozoic  period  at  which  this  order  had 
acquired  an  extraordinary  multiplication  and  variety  of  forms;  and  so 
far  it  might  seem  that  we  have  a  progression  from  the  lower  to  the 
higher.    But  the  paucity  of  remains  of  typical  Gasteropods,  at  the  same 
period,  is  almost  as  remarkable ;  and  some  of  those  forms  which  are  most 
abundant  (e.  g.  Euomphalus  and  Bellerophon)  present  indications  of  close 
proximity  to  Cephalopoda.    So  that  it  would  seem  as  if  the  Ncmtiloid 
type  is  really  to  be  regarded  as  having  occupied  the  place,  at  that  period, 
not  merely  of  the  order  above,  but  also  (in  part)  of  the  class  below ;  its 
decline  and  almost  complete  disappearance,  duiing  the  Secondary  epoch, 
being  coincident  with  the  multiplication  of  forms  of  the  more  typical 
Gasteropods,  and  of  the  higher  Cephalopods. — Again,  among  the  Fishes 
which  were  the  earliest  of  the  Vertebrated  inhabitants  of  the  globe,  we 
find  a  remarkable  assemblage  of  characters ;  some  of  them  presenting,  hi 
the  extraordinary  development  of  the  dermo-skeleton,  and  in  the  softness 
and  probably  rudimentary  condition  of  their  vertebral  skeleton,  an  evident 
leaning  towards  the  In  vertebrated  series;  whilst  others  seem  to  have 
foreshadowed  the  class  of  Eeptiles,  an  approach  to  which  is  presented,  not 
merely  by  the  Sharks  and  their  allies,  but  by  the  Sauroid  tvSho  of  Osseous 
fishes,  which  was  extremely  abundant  towards  the  end  of  the  Palaeozoic 
period.    The  Gephalasinds  of  the  Devonian  formation  (Fig.  85)  were  not 


Fia.  85. 


Cephalaspis  Lyellii,  as  seen  from  above,  and  from  the  side. 


merely  remarkable  for  the  extraordinary  development  of  theii-  denno- 
skeleton,  which  has  been  mistaken  for  that  of  a  Trilobite,  but  also  present. 


GEOLOGICAL  SUCCESSION  OF  OHGANIC  LIFE. 


115 


Fig.  86. 


as  Prof.  Acrassiz  has  pointed  out,  certain  characters  of  approximation 
to  the  tadpoles  of  Batrachia;  the  breathing  organs  and  the  chief  part  of 
the  alimentary  appai-atus  having  been  aggregated  with  the  proper  viscera 
of  the  cranial  cavity,  in  an  enormous  cephalic  enlargement,  while  the  rest 
of  the  trunk,  which  dwindled  to  a  point, 
seems  to  have  been  set  apart  for  locomo- 
tion only.  The  Ctenoid  and  Cycloid 
orders,  which  (on  a  review  of  the  whole 
class)  may  be  undoubtedly  considered  as 
comprehending  the  most  typical  Fishes, 
did  not  make  their  appearance  (so  far 
as  can  be  determined  from  the  evidence 
of  their  fossil  remains)  until  the  Creta- 
ceous period.  —  Turning  to  the  aii"- 
breathing  Yertebrata,  again,  we  find 
that  during  the  Secondary  period,  this 
series  was  chiefly  represented  by  the 
class  of  Eeptiles,  which  then  attained 
its  greatest  importance,  and  included 
groups  which  represented  Fishes,  Birds, 
and  Mammals  respectively ;  thus  having 
a  more  general  character  than  the  class 
at  present  esliibits.  These  groups  sub- 
sequently gave  place  to  the  more  special 
forms,  which  carry  out  most  exclusively 
the  EeptiJian  tjrpe.  And  when  we  look  at  the  earliest  forms  of  Rep- 
tilian life  of  which  we  have  any  cognizance,  we  find  them  to  present 
very  remarkable  combinations  of  the  characters  which  are  now  distri- 
buted among  different  groups.  Thus,  the  Labyrintliodon  (Fig.  86)  of 
the  Triassic  formation,  appears  to  have  been  essentially  Batrachian  in  its 
structure,  but  to  have  possessed  some  characters  of  the  Crocodilian  order. 


Skull  of  Lahyrinihodon. 


Fig.  87. 


Skull  of  2thtjiwosanrii8. 

The  same  formation  contains  remains  of  the  Hhyncosatirus  (Fig.  87), 
which,  wliile  essentially  Sa/arian  in  its  general  structure,  had  the  horny 
mandibles,  and  probably  many  other  characters,  of  the  Chelonia.  From 
the  same  or  a  somewhat  anterior  epoch,  we  have  the  remains  of  tlie 
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Dicynodon;  which  seems,  along  with  Chelonian,  Crocodilian,  and  Saurian 
characters,  to  have  possessed  the  peculiarly  Mammalian  feature  of  a  pair  of 
tusks  growing  from  persistent  pulps.  So,  again,  the  Ichthyoscmrus,  whilst 
essentially  Saurian  in  its  osteology,  had  not  merely  the  bi-concave  vertebra} 
of  a  Fish,  but  paddles  of  a  Cetacean  type,  and  a  peculiar  stemo-acromial 
apparatus  resembling  that  of  the  Ornithorhyncus.  And  the  Plesiosav/rus, 
which  is  spoken-of  by  Cuvier  as  the  most  '  heteroclite'  of  aU  the  fossil 
animals  known  to  him,  possessed  the  teeth  of  the  Crocodile  with  the  head 
of  a  Lizard,  a  neck  that  resembled  the  body  of  a  Serpent,  the  ribs  of  a 
Chameleon,  and  paddles  still  more  decidedly  Cetacean. — In  the  early  his- 
tory of  the  class  Mammalia,  so  far  as  kno^vn  to  us,  the  same  general  plan 
may  be  traced.  The  only  order  that  is  distinctly  recognizable  by  the 
remains  preserved  in  the  Secondary  strata,  is  that  of  Marswpialia, 
which  has  much  in  common  with  the  Oviparous  Vertebrata.  Near  the 
commencement  of  the  Tertiary  epoch,  remains  of  Pachydermata  are 
abundant ;  but  these  were  for  the  most  part  different  from  those  of  the 
present  epoch,  containing  combinations  of  characters  which  are  now  dLs- 
tributed  among  several  distinct  families,  and  presenting  also  a  closer 
approximation  to  the  Herbivorous  Cetaceans  on  the  one  hand,  and  to 
the  Ruminants  on  the  other,  than  is  exhibited  by  any  existing  species 
of  the  order.  A  most  curious  combination  of  characters  is  presented  by 
the  extinct  Toxodon;  which  had  the  incisors  of  Rodentia,  many  of  the 
cranial  characters  of  Cetacea,  the  molar  teeth  and  massive  stature  of  the 
GravigL-ade  Edentata,  with  a  general  conformation  which  seems  referable 


Fig.  88. 


Skeleton  oiMylodon. 


to  the  Pachyderm  type.  The  Gravigrade  Edentata,  of  which  the  Mylodon 
(Fig.  88)  is  a  characteristic  example,  themselves  afford  a  most  interesting 
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illustration  of  this  general  principle;  for  whilst  essentially  allied  to  the 
modern  Sloths  in  their  general  structiu-e  they  had  not  only  affinities 
to  other  sub-divisions  of  the  Edentate  order,  but  also  presented  hnks 
of  transition  to  the  massive  Pachyderms.    This  gi'oup  is  now  entirely 

^""sT  In  rec^ard  to  the  Geological  histoiy  of  the  Vegetable  kingdom,  it 
must' be  acb^tted  that  our  knowledge  is  still  very  imperfect ;  in  conse- 
quence of  the  small  mmiber  of  cases  in  which  the  internal^  structure  and 
fructification  of  the  earlier  plants  have  been  preserved,  m  a  condition 
that  allows  of  the  exact  determination  of  their  characters  and  affinities. 
So  far  as  om-  present  information  extends,  however,  it  is  fully  m  harmony 
with  the  above  doctiine;  the  characteristic  Flora  of  the  Coal-formation 
appearing  to  have  been  chiefly  composed  of  Gon%fer(B,  which  constitute  a 
connecting  link  between  the  Phanerogamia  and  Cryptogamia;  and  of 
these  Conifers,  while  some  may  have  been  neai^ly  aUied  to  existing  fomis, 
the  great  majority  {SicjillaricB,  Le2nclodendra,  Calamites,  &c.)  appear  to 
have  presented  such  a  combination  of  the  characters  of  the  Conifers  with 
those  of  the  higher  Cryptogamia,  as  no  existing  group  exhibits. 

87.  So  far  as  at  present  known,  therefore,  the  general  facts  of  PaljB- 
ontology  appear  to  sanction  the  belief,  that  tJie  same  plan  may  be  traced 
out  in*  what  may  be  called  the  general  life  of  the  globe,  as  in  the  indi- 
vidual life  of  every  one  of  the  forms  of  organised  being  which  now  people 
it;  and  that  in  the  successive  introduction  of  the  several  groups  com- 
posing the  Animal  and  Yegetable  kingdoms  respectively,  the  progression 
was  not  so  much  from  the  lower  to  the  higher  forms,  as  from  the  more 
general  to  the  more  special, — from  those  which  were  in  closest  relation- 
ship to  each  other,  to  those  that  are  most  isolated  as  types  of  their  re- 
spective groups.  And  thus  it  has  happened,  that,  as  every  Palseontologist 
must  be  ready  to  admit,  a  large  proportion  of  the  extinct  forms  of  Animals 
and  Yegetables  must  rank,  in  any  philosophical  system  of  classification,  as 
osmlant  or  transitional  forms;  connecting  together  the  groups  which 
seem  naturally  to  assemble  round  existing  types,  and  seldom  standing  as 
centres  round  which  existing  forms  should  be  arranged. — It  would  be 
premature  and  presumptuous  to  assert  that  such  was  the  plan,  on  which 
the  progressive  evolution  of  the  great  scheme  of  Organic  Creation  has 
proceeded;  but  the  foregoing  indications  may  be  thought  sufficient  to 
justify  the  assertion,  that  such  ma?/  have  been  the  plan.  If  this  view 
have  a  foundation  in  truth,  the  development  of  the  principle  in  all  its 
completeness  must  be  left  for  the  time,  when  Palaeontology  shall  possess, 
as  the  result  of  the  accumulated  labours  of  many  generations  (it  may 
be)  of  industrious  explorers,  a  collection  of  information  respecting  the 
past  distribution  of  Animal  and  Yegetable  life  upon  our  globe,  in  some 
degree  comparable  to  that  to  which  the  Natural  History  of  the  present 
time  is  rapidly  attaining,  t 

*  It  has  been  by  the  researches  of  Prof.  Owen,  more  than  by  those  of  any  other  Compa- 
rative Anatomist  of  modem  times,  that  the  curious  order  of  facta  above  referred-to,  —in 
regard  to  Vertebrata  at  least,— has  been  brought  to  light. 
_  t  In  the  foregoing  chapter,  the  Author  has  endeavoured  to  set  forth,  with  the  addi- 
tional illustrations  afforded  by  later  Anatomical  and  Embryological  researches,  the  views 
first  propounded  by  Von  Baer,  in  his  masterly  work,  "  Uber  Entwickehmgs-Geschichte  der 
Thiere,"  1828,  and  recently  made  more  accessible  to  English  readers  by  Mr.  Huxley's 
translation,  in  "  Taylor's  Scientific  Memoirs,"  1852-3. 
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CHAPTER  II. 

GENERAL  VIEW  OF  THE  VITAL  OPERATIONS  OF  LIVING  BEINGS, 
AND  OF  THEIR  MUTUAL  RELATIONS. 

88.  The  study  of  the  various  forms  and  combinations  of  Organic 
Structiu-e,  which  present  themselves  to  the  Anatomist  in  his  general 
survey  of  the  Animated  Creation,  and  the  determination  of  the  plan 
according  to  which  we  may  suppose  them  to  have  been  evolved,  consti- 
tute a  department  of  Biological  enq\iiry  that  is  quite  distinct  from 
that  on  which  we  are  now  to  enter, — ^namely,  the  study  of  the  changes 
which  take  place  in  these  bodies,  during  their  existence  as  living  organisvis : 
— a  connecting  link  between  the  two  being  furnished  by  the  pheno- 
mena of  Development,  which  strictly  belong  to  the  last-mentioned  cate- 
gory, although,  as  we  have  seen,  they  afford  most  essential  assistance  in 
the  preceding  enquiry.  As  it  should  be  the  principal  aim  of  the  scientific 
Physiologist,  to  determine  the  laws  according  to  wMch  these  changes 
take  place,  it  is  his  first  business  to  collect  and  compare  all  the  facts 
of  the  same  character,  which  he  can  draw  from  the  most  extended  observa- 
tion of  the  phenomena  of  Life.    The  changes  which  occur  during  the 
life  of  amy  one  being,  are  of  themselves  inadequate  to  furnish  the  required 
information :  since  this  presents  us  only  with  a  group  of  dissimilar  pheno- 
mena, incapable  of  comparison  with  each  other,  or  permitting  it  but  to  a 
low  degree.  Were  we,  for  example,  to  derive  all  our  notions  of  Physiology 
from  the  history  of  one  of  the  simple  Cellular  Plants,  we  should  obtain 
but  very  vague  ideas  as  to  the  character  of  its  different  nutritive  pro- 
cesses; since  we  cannot  separate  these  from  one  another,  so  as  to  be 
enabled  to  investigate  them  apart.    And,  on  the  other  hand,  we  should 
be  apt  to  form  veiy  erroneous  conceptions  of  the  essential  conditions  of 
these  processes,  were  we  to  study  them  only  in  that  specialized  condition 
which  they  present  in  the  most  complete  Animal,  and  were  to  reason 
thence  as  to  their  dependence  upon  particular  kinds  of  structure.    It  is 
only,  then,  from  a  comprehensive  survey  of  the  whole  Organised  Creation, 
— embracing  the  unobtrusive  manifestations  of  vitality  which  Nature  pre- 
sents at  one  extremity  of  the  scale  (as  if  to  show  the  real  simplicity  of  her 
operations),  as  well  as  those  obvious  changes  which  she  every  moment 
displays  to  us  in  her  most  elaborate  and  varied  works  (as  if  to  display 
the  endless  fertility  of  her  resources), — that  any  laws  possessing  a  claim 
to  generality  can  be  deduced. 

89.  In  every  living  Organism  of  a  complex  natiu'e,  we  can  readily 
distinguish  a  great  variety  of  actions,  resulting  from  the  exercise  of  the 
different  powers  of  its  several  component  parts;  and  these  actions  are  said 
to  be  t\\Q  functions  of  the  structures  by  whose  instrumentality  they  are 
performed.  Thus  it  is  the  '  function'  of  a  Muscle,  to  contract  on  the  appli- 
cation of  a  stimulus;  and  that  of  a  Nerve,  to  receive  and  to  convey 
sensory  or  motor  impressions.    When  we  look  at  such  an  organism. 
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however,  as  a  toMe,  we  perceive  that  these  changes  may  be  asso- 
dairii  to  groups,  in  Accordance  with  their  relations  to  each  other ;  each 
gxtip  consisting  of  an  assemblage  of  actions,  which  though  difiermg 
f mong  tbemselv^es,  concur  in  elfecting  some  determinate  and  important 
puilse.    To  these  groups  of  actions,  also,  the  name  of  FuncUons  is 
appHed,  but  not  in  the  same  sense  as  before.    Thus  when  we  speak  of 
the  '  Function  of  Respiration,'  we  imply  the  assemblage  of  those  separate 
actions  which  concvu-  in  effecting  the  aeration  of  the  nutritious  fluid  by 
exposing  it  to  the  atmosphere,  or  to  the  gases  diffused  through  watei  so 
as  to  effect  a  certain  change  in  its  composition.    Simple  as  this  operation 
appears,  many  provisions  are  required  in  the  higher  organisms  for  its 
eftbctual  performance.    In  the  first  place,  there  must  be  an  aerating  sur- 
face, consisting  of  a  thin  membrane  permeable  to  gases;  on  one  side  ot 
which  the  blood  may  be  spread  out,  while  the  air  is  m  contact  with  the 
other.    Secondly,  there  must  be  a  provision  for  continuaUy  renewing  tJie 
nutritious  fluid  which  is  brought  to  this  surface,  in  order  that  the  whole 
mass  of  it  may  be  equaUy  benefited  by  the  process.    And  thirdly,  the 
stratum  of  air  must  also  be  renewed,  as  frequently  as  its  constituents 
have  imdergone  any  essential  change.    In  each  of  these  subdivisions  a 
gi-eat  many  diverse  actions  are  involved;  yet  all  of  them  are  included 
under  the  same  general  term,  since  they  concur  to  the  same  fundamental 
piu-pose.— Now  if  we  analyse  that  series  of  phenomena,  which  constitute 
the  '  Function  of  Respiration'  in  one  of  those  higher  Animals  (Man,  for 
example)  in  which  it  presents  its  greatest  complexity,  we  shall  find  that 
whilst  some  of  them  are  indispensable  to  the  continuance  of  life,  and  can 
only  be  performed  under  the  conditions  supplied  by  the  organised  system, 
others  are  merely  superadded  for  the  purpose  of  facilitating  these ;  and 
the  latter,  if  from  any  cause  not  performed  by  the  mechanism  contrived 
for  their  production,  may  be  artificially  imitated,  with  a  degree  of  success 
exactly  proportional  to  the  completeness  of  the  imitation.    The  essential 
part  of  that  function  being  the  aeration  of  the  blood,  all  the  other  changes 
which  are  associated  together  as  partaking  in  it  must  be  regarded  as  non- 
essential, sharing  in  it  only  by  contributing  to  this — the  real  constituent 
of  it.    Thus  the  alterations  in  the  capacity  of  the  chest,  which  are 
effected  by  the  actions  of  the  diaphragm,  and  have  for  their  object  the 
renewal  of  the  quantity  of  air  in  contact  with  the  aerating  surface,  are 
reaUy  a  part  of  the  functions  of  the  Muscular  and  Nervous  systems ;  and 
are  only  associated  under  that  of  Respiration,  on  account  of  their  obvious 
tendency  towards  its  essential  purpose.    They  have  no  share  in  the  pro- 
duction of  the  aeration  of  the  blood,  except  by  supplying  its  conditions ; 
and  if  these  conditions  can  be  supplied  independently  of  them,  the  essen- 
tial part  of  the  function  will  be  performed  as  when  they  were  concerned 
in  it.* 

90.  By  an  analysis  of  this  kind  applied  to  the  other  Functions,  similar 

*  Thus  in  Asphyxia,  the  deficient  supply  of  arterialised  blood  to  the  brain  soon  paralyses 
its  functions;  and  the  neiTous  stimulus  required  for  the  respiratory  movements  being  mth- 
held,  those  movements  cease.  But,  if  the  chest  be  artificially  inflated,  and  emptied  again 
by  pressure,  and  these  alternate  movements  be  suiSciently  prolonged  to  re-excite  the  circu- 
lation of  the  blood  through  the  lungs,  by  aerating  that  which  had  beon  stagnated  there,  the 
whole  train  of  vital  actions  may  be  again  set  in  motion.  Or,  if  the  cessation  of  the  respiratory 
movements  result  from  a  cause  primarily  affecting  the  nei-vous  system — as  when  narcotism 
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conclusions  might  be  amved-at  respecting  their  essential  character:  for  it 
will  appear  m  every  one  of  them,  that  some  of  the  changes  which  are  thus 
grouped  together  are  essential,  wlulst  others  are  swperadded.  But  these 
conclusions  do  not  possess  the  same  certainty  as  if  they  were  founded 
iipon  a  broader  basis;  nor  are  they  so  easily  attained.  For,  to  revert  to 
the  instance  just  quoted,  observation  alone  of  the  vital  phenomena  of  the 
lower  animals,  will  reveal  what  could  only  be  determined  in  the  higher 
by  experiment.  Until  an  experiment  (the  insufflation  of  the  chest)  had 
been  found  successful  in  continuing  the  aeration  of  the  blood,  it  could  not 
be  certainly  known  that  the  respiratory  movements  had  not  some  further 
share  in  the  function,  than  that  of  mechanically  renewing  the  air  in 
apposition  with  the  circulating  fluid.  But  when  the  conditions  of  the 
function  are  examined  in  the  lower  animals,  it  is  found  that  these  are 
varied  (the  essential  part  being  eveiywhere  the  same)  to  suit  the  respec- 
tive circumstances  of  their  existence.  Thus,  many  EeptUes,  having  no 
diaphragm,  are  obliged  to  fill  the  hmgs  with  air  by  a  process  which 
resembles  swallowing.  In  Fishes  and  other  aquatic  animals,  to  have 
introduced  the  necessary  amount  of  the  dense  element  they  inhabit  into 
the  interior  of  the  system,  would  have  occasioned  an  immense  expendi- 
ture of  muscular  power;  and  the  required  purpose  is  answered,  by  send- 
ing the  blood  to  meet  the  water  which  is  in  apposition  with  the  external 
surface.  And  in  those  simple  creatiu-es,  in  which  the  fluids  appear 
equally  difiiised  through  the  whole  system,  their  required  aeration  is 
effected  by  the  mere  contact  of  the  water  with  the  general  surface ;  the 
stratum  in  immediate  apposition  with  it  beiug  renewed,  either  by  their 
own  change  of  place,  or,  if  they  are  fixed  to  a  particular  spot,  through 
the  means  they  possess  of  crea,ting  cuiTcnts,  by  which  their  supply  of 
food  also  is  brought  to  them.  And,  going  still  further,  we  find  the 
essential  part  of  the  function  of  Respiration  performed  in  Plants  without 
any  movement  whatever;  the  wide  extension  of  the  siu-face  in  contact 
with  the  atmosphere,  afibrding  all  the  requisite  facility  for  the  aeration 
of  the  circulating  fluid. — It  is  by  such  a  mode  of  analysis,  then,  that  we 
are  most  certainly  enabled  to  distinguish  the  essential  conditions  of  vital 
phenomena,  from  those  which  are  superadded  or  accidental ;  and  it  is 
tills  which  will  form  the  subject  of  the  greater  part  of  the  present 
Treatise. 

91.  When  we  examine  and  compare  the  several  Functions,  or  assem- 
blages of  Yital  Actions  grouped  together  according  to  the  princijDle  just 
set  forth,  we  find  that  they  are  themselves  capable  of  some  degree  of 
classification.  Indeed  the  distinction  between  the  groups  into  which  they 
may  be  arranged,  is  one  of  fundamental  importance  in  Physiology.  If 
we  contemplate  the  history  of  the  life  of  a  Plant,  we  perceive  that  it  grows 
from  a  minute  germ  to  a  fabric  of  sometimes  gigantic  size,  generates  a 
large  quantity  of  organic  compoimds  which  it  appropriates  as  the  mate- 
rials of  its  own  structure,  and  multiplies  its  species  by  the  production  of 
germs  similar  to  that  from  which  it  originated;  but  that  it  jjerforms  all 
these  complex  operations,  without  (so  far  as  we  can  perceive)  either  feeling 
or  thinking,  without  consciousness  or  the  exertion  of  will.    All  its  vital 

is  induced  by  poisoning  with  opium — and  the  blood  be,  in  consequence,  stagnated  in  the 
kings  by  the  want  of  aeration,  this  change,  so  essential  to  the  continuance  of  vitality,  may 
be  prolonged  l)y  artificial  respu-ation,  until  the  narcotism  subsides. 
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operations,  therefore,  are  gi-oiiped  together  under  the  general  designation 
of  Functions  of  Orgaiiic  or  Vegetative  life ;  and  they  are  subdivided  into 
those  concerned  in  the  maintenance  and  extension  of  the  structure  of  the 
individual,  wliich  are  termed  functions  of  Nutrition;  and  those  to  which 
the  perpetuation  of  the  species,  by  the  Genea-ation  of  a  succession  of  indi- 
viduals, is  due. — The  great  feature  of  the  Nutritive  operations  in  the 
PL^nt,  is  their  comtructive  character.  They  seem  as  if  destined  merely 
for  the  building-up  and  extension  of  the  fabric ;  and  to  this  extension 
there  appears  to  be  in  some  cases  no  determinate  limit.  It  is  important 
to  remark,  however,  that  the  growth  of  the  more  permanent  parts  of  the 
fabric  is  only  provided-for  by  the  successive  develoj)ment,  decay,  and 
renewal  of  parts  whose  existence  is  tempora/ry ;  the  growth  of  the  dense, 
durable,  but  almost  inert  woody  structure,  being  dependent  upon  the 
continual  production  of  new  leaves,  composed  of  a  soft,  transitoiy,  but 
active  cellular  parenchyma. — Sooner  or  later,  however,  the  life  of  the 
individual  must  come  to  an  end ;  and  the  race  itself  must  become  extinct, 
were  it  not  for  the  special  provision  which  is  made  for  its  continuance,  in 
the  Generative  function.  This  consists  in  the  evolution  of  germs,  which, 
becoming  detached  from  the  parent,  are  able  to  support  an  independent 
existence,  iisually  at  the  expense,  however,  in  the  first  instance,  of  nutri- 
ment in  some  way  provided  by  the  being  that  gave  them  origin ;  they 
gradually  become  developed  into  its  likeness,  perform  all  the  vital  opera- 
tions characteristic  of  it,  and  in  their  turn  originate  a  new  generation  by 
a  similar  jarocess. 

92.  Now,  it  may  be  observed,  before  proceeding  further,  that  there  is 
a  certain  degree  of  antagonism  between  the  Nutritive  and  the  Generative 
fimctions,  the  one  set  being  executed  at  the  expense  of  the  other.  The 
generative  apparatus  derives  the  materials  of  its  operations  through  the 
nutritive  system,  and  is  entirely  dependent  upon  it  for  the  continuance  of 
its  activity.  If,  therefore,  the  generative  activity  be  excessive,  it  will 
necessarily  draw-ofi"  from  the  fabric  at  large  some  portion  of  the  aliment 
destined  for  its  maintenance.  It  may  be  universally  observed  that 
where  the  nutritive  fimctions  are  particularly  active  in  supporting  the 
individual,  the  reproductive  system  is  in  a  corresponding  degree  unde- 
veloped,— and  vice  versd.  Thus,  in  the  Alg*,  the  dimensions  attained 
by  single  plants  exceed  those  exhibited  by  any  other  organised  beino-  • 
and  in  this  class  the  fructifying  system  is  often  obscure,  and  sometimes  even 
undiscoverable.  In  the  Fimgi,  on  the  other  hand,  almost  the  whole  plant 
seems  made  up  of  reproductive  organs ;  and  as  soon  as  these  have  brought 
their  germs  to  maturity,  it  ceases  to  exist.  In  the  Flowering-PlMit, 
moreover,  it  is  well  known  that  an  over-supply  of  mitriment  will  cause 
an  evolution  of  leaves  at  the  expense  of  the  flowers,  so  that  what  actually 
would  have  been  flower-buds,  are  converted  into  leaf-buds;  or  the  parts 
of  the  flower  essentially  concerned  in  reproduction,  namely,  the  stamens 
and  pistil,  are  converted  into  foliaceous  expansions,  as  in  the  production 
of  'double'  flowers  from  'single'  ones  by  cultivation;  or  the  fertile 
florets  of  the  '  disk'  in  composite  species,  such  as  the  DahUa,  are  con- 
verted mto  the  baiTen  but  expanded  florets  of  the  '  ray.'  And  the 
gardener  who  wishes  to  render  a  tree  more  productive  of  fruit  is  oblicred 
to  restram  its  luxuriance  by  priming,  or  to  limit  its  supply  of  food\v 
trenching  round  the  roots.— The  same  antagonism  may  be  witnessed  in 
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the  Animal  Kingdom ;  but  as  a  third  element  (the  senson-motor  appara- 
tus) here  comes  into  operation,  it  is  not  always  so  apparent.    It  appears 
to  be  a  universal  principle,  however,  that  diuing  the  period  of  rapid 
growth,  when  all  the  energies  of  the  system  are  concentrated  upon  the 
]jerfection  of  its  individual  stmcture,  the  reproductive  system  remains 
dormant,  and  is  not  aroused  until  the  diminished   activity  of  the 
nntritive  functions  allows  it  to  be  exercised  without  injury  to  them. 
Thiis,  in  the  Larva  condition  of  the  Insect,  the  assimilation  of  food  and 
the  increase  of  its  bulk  seem  the  sole  objects  of  its  existence;  its  loco- 
motive powers  are  only  adapted  to  obtain  nourishment  that  is  within 
easy  reach,  to  which  it  is  directed  by  the  position  of  its  egg,  and  by  an 
unerring  instinct  that  seems  to  have  no  other  end.   The  same  is  the  case, 
more  or  less,  with  all  young  animals  j  although  there  are  few  in  which 
voracity  is  so  predominant  a  characteristic.    In  the  Imago,  or  perfect 
Insect,  on  the  other  hand,  the  fulfilment  of  the  purposes  of  its  generative 
system  appears  to  be  the  chief  and  often  the  only  end  of  its  being.  The 
increased  locomotive  powers  which  are  conferi-ed  upon  it,  are  evidently 
designed  to  enable  it  to  seek  its  mate ;  its  instinct  appears  to  direct  it  to 
this  object,  as  before  to  the  acquisition  of  food;  it  now  shuns  the  aliment 
it  previously  devoured  with  avidity,  and  frequently  dies  as  soon  as  the 
foundation  is  laid  for  a  new  generation,  without  having  taken  any  nutri- 
ment from  the  period  of  its  fii'st  metamoiT[5hosis.    In  the  adult  condition 
of  the  higher  Animals,  again,  it  is  always  found  that,  as  in  Plants,  an 
excessive  activity  of  the  nutritive  functions  indisposes  the  system  to  the 
performance  of  the  reproductive ;  a  moderately-fed  population  multiply- 
ing (cseteris  paribus)  more  rapidly  than  one  habituated  to  a  plethoric 
condition. 

93.  On  analysing  the  operations  which  take  place  in  the  Animal  body, 
we  find  that  a  large  number  of  them  are  of  essentially  the  same  character 
with  the  foregoing,  and  difier  only  in  the  conditions  under  which  they  are 
performed ;  so  that  we  may,  in  fact,  readily  separate  the  Organic  fimc- 
tions,  which  are  directly  concerned  in  the  development  and  maintenance 
of  the  fabric,  from  the  Animal  functions,  which  render  the  individual 
conscious  of  external  impressions,  and  capable  of  executing  spontaneous 
movements.  The  relative  development  of  the  organs  destined  to  these 
two  purposes,  differs  considerably  in  the  several  groups  of  Animals,  as  we 
have  already  in  part  seen  (chap,  i.)  The  life  of  a  Zoophyte  is  upon  the 
whole  much  more  'vegetative'  than  '  animal' ;  and  we  perceive  m  it,  not 
merely  the  very  feeble  development  of  those  powers  which  are  pecidiar 
to  the  Animal  kingdom,  but  also  that  tendency  to  indefimte  extension 
which  is  characteristic  of  the  Plant.  In  the  perfect  Insect,  we  have  the 
opposite  extreme;  the  most  active  powers  of  motion,  and  sensations  oi 
which  some  (at  least)  are  very  acute,  being  combined  with  a  low  deve- 
lopment of  the  organs  of  nutrition.  In  Man  and  his  allies  we  have  less 
active  powers  of  locomotion,  but  a  much  greater  variety  of  Animal  facili- 
ties- whilst  the  instilments  of  the  organic  or  nutiitive  operations  attain 
theii'  highest  development,  and  their  greatest  degree  of  mutual  depend- 
ence We  see  in  the  fabric  of  all  beings  m  which  the  Animal  powei-s 
are  much  developed,  an  almost  entire  want  of  that  tendency  to  indefimte 
SensTon  wMch  is  so  characteristic  of  the  Plant;  and  when  the  large 
:lrt  oftod  consumed  by  them  is  considered,  the  question  naturally 
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arises,  to  what  purpose  this  food  is  applied,  and  what  is  the  necessity 
for  the  continued  activity  of  the  Organic  functions,  when  once  the  fabric 
lias  attained  the  limit  of  its  development.— The  answer  to  this  question 
lies  in  the  fact,  that  the  exercise  of  the  Animal  functions  is  essentially 
destmdive  of  their  instruments;  every  operation  of  the  Nervous  and 
Muscular  systems  requiring,  as  its  necessary  condition,  a  disintegration 
of  a  certain  pai-t  of  their  tissues,  probably  by  their  elements  being  caused 
to  unite  with  oxygen.  The  duration  of  the  existence  of  those  tissues 
vjuies  inversely  to  the  use  that  is  made  of  them;  being  less,  as  their  func- 
tional activity  is  greater.  Hence,  when  an  Animal  is  very  inactive,  it 
requii-es  but  little  nutritionj  if  it  be  in  moderate  activity,  there  is  a 
moderate  demand  for  food ;  but  if  its  Nervous  and  Muscular  energy  be 
frequently  and  powerfully  aroused,  the  supply  must  be  increased,  in  order 
to  maintain  the  vigour  of  its  system.  In  like  manner,  the  amount  of 
cerfain  products  of  excretion,  which  result  from  the  disintegration  of  the 
Nei-vous  and  Mixscular  tissues,  increases  with  their  activity,  and  dimi- 
nishes in  proportion  to  their  freedom  from  exertion.    (See  chap,  ix.) 

94.  In  the  Animal  fabric,  then,  among  the  liigher  classes  at  least,  the 
function  or  purpose  of  the  organs  of  Vegetative  life  is  not  so  much  the 
extension  of  the  fabric, — ^for  this  has  certain  definite  limits, — as  the  main- 
tenance of  its  integrity,  by  the  reparation  of  the  destructive  effects  of  the 
exercise  of  the  purely  Animal  powers.  Thus,  by  the  operations  of  Diges- 
tion, Assimilation,  and  Circulation,  the  nutritious  materials  are  prepared 
and  conveyed  to  the  points  where  they  are  required;  the  Circulation  of 
blood  also  serves  to  distribute  oxygen,  which  is  introduced  by  the  Respir- 
atory process;  and  it  has  further  for  its  office,  to  convey  away  the  pro- 
ducts of  that  decomjDosition  of  the  Muscular  and  Nervous  tissues,  which 
results  from  their  functional  activity, — ^these  products  being  destined  to 
be  separated  by  the  Respiratory  and  other  Excreting  operations.  In  the 
performance  of  the  Organic  functions  of  Animals,  as  in  those  of  Plants, 
there  is  a  contintial  new  production,  decay,  exuviation,  and  renewal,  of  the 
cells  by  whose  instiiimentality  they  are  effected ;  which  altogether  effect 
a  change  not  less  complete  than  that  of  the  leaves  in  Plants.  But  it 
takes  place  within  the  penetralia  of  the  system,  in  such  a  maimer  as  to 
elude  observation,  except  that  of  the  most  scrutini^ig  kind;  and  it  has 
been  in  bringing  this  into  view,  that  the  Microscope  has  rendered  one  of 
its  most  essential  services  in  Physiology. 

95.  The  regular  maintenance  of  the  functions  of  Animal  life  is  thus 
entirely  dependent  upon  the  due  performance  of  the  Nutritive  operations. 
But  there  also  exists  a  connection  between  the  Organic  and  Animal 
functions,  of  an  entirely  reverse  kind;  for  the  conditions  of  Animal  exist- 
ence render  the  former  in  a  great  degree  dependent  on  the  latter.  In 
the  acquisition  of  food,  for  example,  the  Animal  has  to  make  use  of  its 
senses,  its  psychical  faculties,  and  its  power  of  locomotion,  to  procure  that 
which  the  Plant,  from  the  different  provision  made  for  its  support,  can 
olatam  without  any  such  assistance.  Moreover,  the  propulsion  of  the  food 
along  the  alimentary  canal  of  the  former,  requii-es  a  series  of  operations, 
m  which  the  Nervous  and  Muscular  systems  are  together  involved  at 
the  two  extremes  (simple  muscular  contractility  being  alone  employed 
through  the  greater  part  of  the  intestinal  canal) ;  and  thus  we  see  that 
the  change  m  the  conditions  required  for  the  ingestion  of  food  by 
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Animals,  has  rendered  necessary  tlie  introduction  of  additional  elements 
into  the  apparatus,  to  which  nothing  comparable  was  to  be  foimd  in 
Plants.  The  same  may  be  obsei-ved,  as  already  pointed  out,  in  the  opera- 
tions of  the  Respiratory  appai^atus.  And  it  may  be  stated  as  a  general 
rule,  that  the  more  exalted  is  the  anmmlity  of  any  particular  being  (or, 
in  other  words,  the  more  complete  the  manifestation  of  characters  pecu- 
liarly animal),  the  more  closely  are  the  organic  functions  brought  into 
relation  with  it.* 

96.  From  what  has  been  said,  then,  it  apjiears  that  all  the  functions 
of  the  body,  among  the  higher  Animals,  are  so  completely  bound  up 
together,  that  none  can  be  suspended  without  the  cessation  of  the  rest. 
The  properties  of  all  the  tissues  and  organs  are  dependent  upon  theii- 
regular  Nutrition  by  a  due  supply  of  perfectly-elaborated  blood;  and 
this  cannot  be  effected,  unless  the  functions  of  Circulation,  Respiration, 
and  Secretion,  be  performed  with  regularity, — the  first  being  necessary 
to  convey  the  supply  of  nutritious  fluid,  and  the  two  latter  to  eliminate 
from  it  the  impurities  with  which  it  is  continually  becoming  charged. 
The  Respiration  cannot  be  maintained,  without  the  integrity  of  a  certain 
part  of  the  nervous  system :  and  the  due  action  of  this,  again,  is  depend- 
ent upon  its  regular  nutrition.  The  materials  necessary  for  the  replace- 
ment of  such  as  are  continually  being  separated  from  the  blood,  can 
only  be  supplied  by  the  Absorption  of  ingested  aliment ;  and  this  cannot 
be  accomplished,  without  the  preliminary  process  of  Digestion.  The 
Ingestion  of  food  into  the  stomach,  again,  is  dependent,  like  the  ac- 
tions of  respiration,  upon  the  operations  of  a  certain  part  of  the  muscidar 
apparatvis  and  of  the  nervous  centres;  and  the  previous  acquirement  of 
food  necessarily  involves  the  purely  Animal  powers.  On  the  other 
hand,  the  functions  of  Animal  life  are  even  more  closely  dependent  upon 
their  proper  pobbulum,  than  are  those  of  Nutrition  in  general :  for  many 
tissues  will  retain  their  several  properties,  and  even  their  power  of  growth 
and  extension,  for  a  much  longer  period  after  a  general  interruption  of 
the  circulation,  than  will  the  Nervous  structure ;  the  action  of  wliich  is 
instantaneously  affected  by  a  cessation  of  the  due  supply  of  blood,  or  by 
a  depravation  of  its  quality, 

97.  Yet,  however  intimate  may  be  the  bond  of  imion  between  the 
Organic  and  Animal  frmctions,  the  former  are  never  immedicUehj  depend- 
ent upon  the  latter;  although,  as  already  shown,  they  generally  depend 
upon  them  for  the  conditions  of  their  maintenance.  There  is  no  good 
reason  to  believe  that  '  nervous  agency'  is  essential  to  the  processes  of 
Nutrition  and  Secretion  in  Animals,  any  more  than  to  the  corresponding 
processes  in  Plants.  This  is  a  question  which  may  be  more  certainly 
determined  by  observation,  than  by  any  possible  experiment.  _  That 
these  processes  are  very  readily  influenced  hy  changes  in  the  condition  of 

*  A  simple  iUustratioii  will  render  tliis  evident.— In  certain  of  the  lower  tribes  of  animals, 
whose  locomotive  powers  are  feeble  and  general  habits  inactive,  the  circulation  of  nutritive 
fluid  is  carried  on  nearly  in  the  same  manner  as  in  plants ;  there  is  no  central  organ  tor 
propelling  it  through  the  vessels,  and  ensuring  its  regular  and  equable  distribution  ;  and  its 
motion  appears  dependent  upon  the  forces  created  in  the  incUvidual  pai'ts  themselves  In 
the  higher  classes,  on  the  other  hand,  the  comparative  activity  of  all  the  toctious,  and  the 
pecuuL-  dependence  of  those  of  animal  life  upon  a  constant  supply  of  the  viUil  flmd,  reqmre 
a  much  more  elaborate  apparatus,  and  especially  a  central  power,  by  which  the  inovements 
of  that  fluid  through  the  individual  parts  may  be  hamomsed,  directed,  and  controllea. 
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tlie  nervous  system,  is  tmiversaUy  admitted ;  and  it  is  the  intmiacy  of 
tHs  connection,  which  has  given  rise  to  the  idea  of  a  relation  of  de2)end- 
ence  and  wHch  prevents  that  idea  from  being  expeiimentally  disproved. 
In  order  to  cut  off  all  nervous  communication  from  any  portion  of  the 
or<ranism— a  ghxnd  for  example,— so  violent  an  operation  is  required 
(involving  no  less  than  the  complete  division  of  the  blood-vessels,  on 
which  a  plexus  of  ganglionic  nerves  is  minutely  distributed),  that  it  is 
impossible  to  say  that  the  disturbance  of  the  fanction  may  not  be  owing 
to  the  shock  produced  on  the  general  system.  Observation  shows  us, 
however,  that  these  processes  are  performed  in  the  most  complex  and 
elaborate  manner  by  Vegetables,  in  which  all  the  attempts  that  have 
been  made  to  prove  the  existence  of  a  nervous  system  have  signally 
failed  (these  attempts  seeming  to  have  been  only  excited  by  an  indispo- 
sition to  admit  the  possibility  of  any  vital  actions  being  independent  of 
'  nervous  influence') ; — ^that  the  lowest  Animals  appear  equally  destitute 
of  a  nervous  apparatus  destined  to  influence  them ; — ^that  in  the  higher 
classes,  there  are  many  tissues  into  which  nerves  cannot  be  traced,  and 
which  yet  exhibit  as  much  vital  activity  as  those  which  axe  in  most  inti- 
mate relation  with  nerves ; — and  that  in  their  early  embryonic  condition, 
the  formative  operations  are  performed  with  their  greatest  energy,  at  a 
period  when  it  is  quite  certain  that  no  nerves  have  yet  been  developed.^ 

98.  Still,  there  can  be  little  doubt  that  a  most  intimate  connection  is 
established,  in  the  higher  animals,  between  organic  processes  essentially 
independent  of  each  other,  by  the  instrumentality  of  the  Nervous  system, 
and  especially  by  that  part  of  it  known  as  the  '  Sympathetic and  this 
seems  to  have  relation  to  the  necessity  which  arises,  from  the  complica- 
tion and  specialisation  of  the  Organic  fanctions,  for  their  being  harmo- 
nised and  kept  in  sympathy  with  each  other,  and  with  the  conditions  of 
the  Animal  system,  by  some  mode  of  communication  more  certain  and 
direct  than  that  afforded  by  the  circulating  apparatus,  which  is  their  only 
bond  of  imion  in  Plants.  For  it  must  be  remembered  that  it  is  in  the 
very  nature  of  high  development,  that  the  differentiation  of  function, 
whereby  mutually-connected  operations  are  assigned  to  separate  organs, 
should  be  accompanied  by  a  far  closer  interdependence  of  these  opera- 
tions, than  exists  between  the  actions  of  an  organism  whose  several  parts 
are  little  else  than  repetitions  of  each  other.  And  there  is  no  real  diffi- 
culty in  admitting,  that  nerve-force  may  have  a  relation  no  less  definite 
to  acts  of  nutrition,  than  it  has  to  mental  changes  or  to  acts  of  muscular 
contraction;  for,  just  as  an  electric  current,  set  in  motion  by  certain 
chemical  reactions,  is  capable  of  influencing  the  chemical  reaction  of 
substances  submitted  to  its  agency,  so  may  it  be  fairly  anticipated  that 
nervous  power,  itself  the  result  of  a  certain  class  of  nutritive  opera- 
tions (of  which  it  may  be  considered  the  highest  product),  should  be  able 
to  modify  the  course  of  those  operations  elsewhere.  (See  G-eneral 
Physiology.) 

99.  The  Absorption  of  alimentary  materials,  which  is  the  first  in  the 
train  of  strictly  Vital  operations,  is  common  to  Plants  and  to  Animals, 
although  performed  under  somewhat  different  conditions  in  the  two  King- 
doms. The  Plant  derives  its  support  immediately  from  the  surrounding 
elements;  it  is  fijced  in  the  spot  where  its  germ  was  cast;  and  it  neither 
possesses  a  will  to  move  in  search  of  food,  nor  any  locomotive  organs  for 
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SO  doing.    By  the  peculiar  endowments  of  its  roots,  however,  it  becomes 
possessed  of  a  certain  power  of  obtaining  aliment  not  immediately  withiii 
its  reach  (§  175).  The  Ani/nal  usually  has  a  recipient  cavity,  in  which  its 
food,  consisting  of  organic  compounds  previously  formed,  undergoes  a  cer- 
tain preliminary  preparation  or  Digestion.    The  introduction  of  food  into 
this  cavity,  or  its  ingestion,  seems  more  and  more  dependent  upon  the 
animal  functions,  in  proportion  as  we  ascend  the  scale.  The  ciliary  move- 
ments of  the  lower  classes  of  animals,  which  produce  rapid  currents  in 
the  water  that  surrounds  them,  and  thus  bring  a  supply  of  food  to  the 
entrance  of  the  digestive  cavity,  can  scarcely  be  regarded  as  having  any 
other  than  the  automatic  character  which  we  know  them  to  possess  in  the 
higher.    In  animals  of  more  complex  structure,  the  process  of  obtaining 
food  requires  a  much  greater  variety  of  movements,  which  are  executed  by 
the  instrumentality  of  the  Muscular  and  Nervous  systems ;  but  these  may 
still  be  regarded  as  not  involving  changes  of  a  psychical  character.  Rising 
still  higher,  however,  we  find  the  Psychical  endowments  of  the  animal 
evidently  concerned  in  procuring  the  means  of  its  support;  and  in  Man, 
in  whom  these  exist  in  their  highest  perfection,  the  reliance  upon  them 
is  necessarily  the  greatest,  his  bodily  organisation  not  being  adapted  for 
the  supply  of  his  physical  wants,  except  under  the  direction  of  his  Intel- 
ligence.— The  products  of  the  Digestive  operation  may  pass  by  simple 
transudation  from  the  digestive  sac  into  the  cavity  that  usually  surrounds 
it ;  or  they  may  be  taken-up  by  vessels  distributed  on  its  waUs.    In  the 
higher  Animals,  we  find  that  this  absorption  is  not  efiected  by  the  blood- 
vessels alone,  but  that  it  is  partly  performed  by  a  special  set  of  Lacteal 
Absorbents  spread  over  the  walls  of  the  digestive  cavity;  these  discharge 
the  matters  they  have  taken-up,  into  the  cm-rent  of  the  circulation  ;  and 
it  is  probable  that  in  this  '  absorbent  system'  that  function  of  Assimila- 
tion commences,  by  which  the  crude  material  is  prepared  for  talcing  part 
in  the  formative  processes.    There  is  another  division  of  this  '  absorbent 
system,'  which  extends  itself  through  the  body,  and  which  seems  destined 
to  collect  the  superfluous  nutritive  material  that  may  have  escaped  from 
the  blood-vessels,  together  (perhaps)  with  such  as  may  have  served  its 
purpose  in  the  system,  and  have  died  without  decomposing,  so  as  to  be 
again  available  as  an  alimentaiy  substance ;  and  this  LympJmtic  system 
of  vessels,  also,  would  seem  to  partake  in  the  Assimilative  operation,  of 
which  we  have  presently  to  speak. 

100.  The  alimentary  materials  taken  up  by  the  absorbent  process,  are 
carried  by  the  Circulation  into  all  parts  of  the  fabric.  This  movement, 
so  important  in  the  highest  classes  of  Plants  and  Animals,  becomes  less 
necessary  in  the  lower,  where  the  absorbent  surface  is  in  more  mimediate 


relation  with  the  parts  to  be  suppUed  with  nourishment.  Besides  afforf- 
ing  a  continued  supply  of  nutrient  material  for  the  maintenance  of  the 
formative  operations,  the  circulating  system  of  Animals  is  usuaUy  the 
means  of  conveying  to  their  nervo-muscular  apparatus  the  oxygen  whose 
presence  is  a  necessary  condition  of  its  vital  activity.  It  also  serves  to 
take  up  the  efifete  matters  which  are  set  free  by  the  '  waste  of  the 
system,  and  to  convey  these  to  the  organs  provided  for  theu-  ekmmation. 
The  Circulation  in  Animals,  as  in  Plants,  is  entirely  independent  of  the 
will,  cannot  be  in  the  least  degree  controlled  by  it,  and  in  its  usual  condi- 
tion is  even  unaccompanied  with  consciousness.  The  Muscular  apparatus 
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is  concerned  in  it,  only  to  give  to  it  the  energy  and  regularity  wliich  the 
conditions  of  animal  existence  require  (§95  note) ;  and  Nervous  agency 
merely  brings  it  into  sympathy  with  other  operations  of  the  corporeal  and 
mental  systems. 

101.  The  alimentary  materials  first  taken  uj)  by  the  absorbent  process, 
must  undergo  various  changes  by  Assimilation,  before  they  can  be  intro- 
duced into  the  composition  of  the  organised  fabric.  There  is  much  diffi- 
culty, however,  in  tracing  these  with  precision,  either  in  the  Animal  or  in 
the  Vegetable  economy.  The  first  step  which  is  perceptible  in  the  latter, 
is  the  formation  of  orgcmic  co?npounds  by  a  new  combination  of  the  ele- 
ments supplied  by  the  food,  which  appears  to  commence  as  soon  as  these 
elements  ai-e  absorbed.  In  the  former,  these  organic  compounds  are 
directly  supplied  by  the  food ;  and  this  preliminary  operation  is  conse- 
quently not  required.  From  whichever  sovirce  they  are  derived,  however, 
these  organic  compounds  apjiear  to  be  subjected,  whilst  yet  circulating 
in  the  liquid  form,  to  a  vital  influence,  exerted  either  by  the  living 
tissues  through  which  they  flow,  or  by  cells  that  are  floating  in  the 
stream,  or  pei'haps  by  both ;  for  we  find  them,  without  any  detectable 
change  in  ultimate  composition,  exhibiting  peculiar  properties,  which 
mark  the  transition  from  the  crude  form  in  which  they  are  received  into 
the  body,  towards  the  condition  of  living  tissue.  The  '  protoplasma'  of 
the  Plant,  and  the  '  liquor  sanguinis'  of  the  Animal,  are  very  different 
from  mere  admixtures  of  gum,  albumen,  water,  and  other  organic  com- 
pounds, but  show  a  capacity  for  becoming  organised,  which  these  do  not 
possess;  hence  their  peculiar  ingredients  are  designated  as  orgomisable  or 
plastic  substances.  From  these  materials,  the  individual  tissues  of  the 
fabric  are  developed  and  renewed  by  the  process  of  Nutrition;  the  ele- 
ments of  each  tissue  deriving  from  the  plastic  fiuid  that  portion  which 
their  composition  may  requii'e.  This  process  is  influenced  in  the  Animal, 
through  the  Nervous  system,  by  conditions  of  the  mind  or  of  the  general 
fabric ;  but  it  does  not  seem  to  be  maintained  by  any  such  influence  (§  98). 
It  is  of  coxirse  dependent,  however,  upon  the  continued  supply  of  bloodj 
and  cannot  long  continue  if  the  Circulation  be  brought  to  a  stand ;  still 
there  is  evidence  that  it  may  go  on  for  a  time,  at  the  expense  of  the  blood 
contamed  m  the  vessels  of  a  part,  after  the  current  has  ceased  to  flow 

102.  In  order  to  presei-ve  the  circulating  fluid  in  the  state  required 
for  the  due  performance  of  its  important  functions,  means  are  provided 
for  separatmg  and  carrying  out  of  the  system  whatever  may  be  super- 
fluous or  mjimous  in  its  constituent  parts ;  as  well  as  for  elaborating  from 
It  certam  fluids  having  their  destined  use  in  the  economy.  These  changes 
may  be  comprehended  in  the  general  term  Secretion,  the  former  consti- 
tuting the  special  fiinction  of  Excretion.  This  is  one  no  less  important 
to  the  welfare  of  the  system,  than  is  the  absorption  of  new  aUment:  and 
m  proportion  to  the  complexity  of  the  structui-e,  and  to  the  diversity  of  its 
actions,  do  we  find  a  multiplication  of-  the  excreting  organs,  as  well  as  a 
"fTL""  elimination  of  supeSluo'us  water  by 
Exhcdat^on,  and  of  carbonic  acid  by  Respiration,  are%onstant,  howeveJ 
in  aU  iving  beings;  and  in  Animals  we  find  ^n  excretion  of  a  hiahlv 
azoti^ed  compound  to  be  nearly  as  universal.  These  change  seem  to 
have  no  more  immediate  dependence  upon  the  Nervous  system  than  W 
those  of  nutrition;  and  they  will  take  place,  to  a  certain LtenCaftex  th^ 
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final  extinction  of  the  animal  powers.  Wherever  a  proper  Circulation 
exists,  however,  they  are  most  intimately  dependent  upon  its  mainte- 
nance, and  soon  come  to  an  end  if  it  ceases ;  but  it  is  probable  that,  in 
pai'ticular  cases,  they  are  kept  iip  by  the  ca/pilla/ry  circulation,  when  the 
general  propulsive  force  is  no  longer  acting, 

103.  The  function  of  Nutrition  is  exercised,  not  merely  in  renovating 
and  extending  the  single  fabric  which  first  originates  in  the  germ,  but 
also,  throughout  the  "Vegetable  kingdom,  as  well  as  in  a  large  proportion 
of  the  Animal,  in  developing  parts  which  can  maintain  an  independent 
existence,  and  which  are  commonly  accounted  distinct  '  individuals.' 
Thus,  in  the  Protophyta  and  the  Protozoa,  each  new  cell  formed  by 
the  subdivision  of  those  previously  existing,  may  be  regarded  either  as 
a  part  of  the  parent  structure,  or  as  a  distinct  individual,  being  capable 
of  living,  growing,  and  mrdtiplying  by  itself.  Even  in  higher  members 
of  both  kingdoms,  a  like  Multiplication  of  (so-called)  individuals  is 
effected  by  the  development  of  gemmce;  a  process  which  corresponds  in 
every  essential  particular  with  that  of  ordinary  Nutrition,  and  which  is 
no  more  dependent  than  it  is  upon  the  activity  of  the  Animal  functions. 
And  in  many  Animals,  in  which  this  power  does  not  extend  to  the  mul- 
tiplication of  parts  capable  of  maintaining  an  independent  existence,  it 
suffices  to  reproduce  entire  organs  which  have  been  removed,  or  (some- 
times) to  multiply  them  beyond  their  regular  number. 

104.  The  true  Generative  function,  by  which  the  foundation  of  an 
entirely  new  organism  is  laid,  is  essentially  antagonistic  (as  already  re- 
marked) to  the  preceding;  for  instead  of  consisting  in  the  extension  of 
the  original  fabric  by  the  subdivision  of  its  cells,  or  by  the  formation  of 
new  tissue  in  connection  with  the  old,  it  requires,  as  its  essential  condi- 
tion, the  reimion  of  the  contents  of  two  cells,  which,  though  not  difieren- 
tiated  in  the  lowest  Plants  and  Animals,  either  from  those  of  the  re- 
mainder of  the  organism,  or  from  each  other,  are  distinguishable  in  all 
but  these  as  '  sperm-cells '  and  '  germ-cells.'  The  concurrent  action  of 
these  takes  place  in  Plants  without  any  interference  of  will,  or  excite- 
ment of  consciousness,  on  the  part  of  the  individual ;  the  two  organs 
being  sometimes  united  in  the  same  being  (as  in  hermaphrodite  flowers), 
or,  if  separated  (as  in  monoecious  species),  being  brought  into  the  requii'ed 
relation  by  external  assistance,  as  when  the  poUen  of  one  flower  is  con- 
veyed to  the  stigma  of  another  at  some  distance,  by  the  agency  of  the 
wind,  of  insects,  &c.  There  are  some  Animals  in  which  the  two  sets  of 
oro-ans  are  united  in  the  same  individual;  and  the  actions  necessary  to 
bring  them  into  relation  seem  no  more  to  depend  upon  conscious  agency, 
than  do  those  which  are  concerned  in  the  aeration  of  the  blood.  But  m 
the  higher  classes,  where  the  organs  exist  in  separate  individuals,  the 
nervo-muscular  apparatus  excited  by  powerful  sensations  is  evidently  the 
instrument  by  which  they  are  brought  into  relation  with  one  another; 
and  in  Man  where  the  sensations  are  connected  with  a  nobler  and  purer 
passion,  not' only  the  will,  but  the  highest  powers  of  the  intellect  are  put 
in  action  to  gratify  it.— But  even  here,  the  essential  part  oj  the  function 
which  consists  in  the  fertilization  of  the  'germ-cell'  by  the  contents  ol 
the  'sperm-ceU,'  is  as  completely  independent  of  mental  influence,  as  it  is 
in  the  plant  or  in  the  simplest  animal.  _ 

105.  The  function  of  Muscular  Contraction,  to  which  nearly  all  the 
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sensible  motions  of  the  higher  Animals  are  due  is  one  which  has  an 
inipoi-tant  connection  with  almost  every  one  of  then-vital  operations; 
although,  as  already  explained,  this  connection  is  mostly  of  an  mcln-ect 
chai-actei-  The  property  of  Contractility  on  the  application  of  a  stimulus 
is  not,  however,  confined  to  animals;  since  it  is  possessed  by  many  of  the 
Vegetable  tissues,  and  has  an  important  relation  with  their  nutritive 
processes.  Nor,  even  in  animals,  is  it  confined  to  the  muscular  tissue. 
For  in  the  lowest  tribes  it  seems  generally  difi-used  through  the  fabric, 
and  appears  to  be  for  the  most  part  excited  by  external  stimuli.  _  But  m 
the  hiVher  classes,  it  is  concentrated  in  a  special  texture,  and  is  called 
into  operation  by  a  pecidiar  stimulus,  the  Nervous  power,  whach  origi- 
nates in  the  individual  itself.  By  this  means  it  is  brought  under  subor- 
dination to  the  Mind,  and  is  made  the  instrument  of  changing  the  rela- 
tions between  the  living  organism  and  the  external  world. 

10(5.  The  functions  of  the  Nervous  System  are  twofold.  First,  to  bring 
the  conscious  Mind  (using  that  term  in  its  most  extended  sense,  to  denote 
the  psychical  endowments  of  animals  in  general)  into  relation  with  the 
external  world;  by  informing  it,  through  the  medium  of  the  organs  of 
sensation,  of  the  changes  which  the  material  universe  undergoes;  and  by 
enabling  it  to  react  upon  them  through  the  organs  of  motion.  ^  And 
secondly,  to  connect  and  harmonise  difierent  actions  in  the  same  indivi- 
dual, without  necessarily  exciting  any  mental  operation.  But,  m  the 
words  of  a  profound  writer  on  this  subject,  "mental  acts  and  bodily 
changes  connected  with  them,  are  not  merely  superadded  to  the  organic 
life  of  animals,  but  are  intimately  connected  or  interwoven  with  it ;  form- 
ing, in  the  adult  state  of  all  but  the  very  lowest  animals,  part  of  the  con- 
ditions necessary  to  the  maintenance  of  the  quantity,  and  of  the  vital 
qualities,  of  the  nourishing  fluid  on  which  all  the  organic  life  is  de- 
pendent."* In  proportion  to  the  complexity  and  extent  of  the  Psychical 
endowments  of  each  species  of  Animals,  may  their  influence  over  the  con- 
formation of  the  Organic  structure  be  perceived ;  so  that  it  becomes  more 
and  more  removed  from  that  which  is  presented  by  Vegetables,  the  chief 
end  of  whose  existence  appears  to  be  the  elaboration  of  an  organised 
fabric  from  the  elements  furnished  by  the  inorganic  world.  In  Man,  the 
being  that  possesses  the  largest  share  of  these  capabilities,  the  apparatus 
of  Organic  life  would  seem  destined  for  little  else  than  to  serve  for  the 
maintenance  of  the  Animal  functions ;  the  processes  of  Nutrition  being 
almost  entirely  directed  towards  perfecting  his  Nervo-muscular  apparatus, 
and  bringing  its  functions  into  most  advantageous  operation.  And  it  is 
in  him,  moreover,  that  we  obserA^e  the  most  unequivocal  indications  of 
the  direct  influence  of  the  Nervous  System  over  the  most  essential  parts 
of  the  vital  operations ;  the  processes  of  nutrition  and  secretion  being 
remarkably  modified  by  states  of  Mind,  especially  such  as  are  of  an  emo- 
tional character. 

107.  In  our  search  for  the  general  laws  of  the  Vital  Functions, — oi', 
in  other  words,  for  the  general  plan  of  Vital  Activity, — we  shall  derive 
great  advantage  from  keeping  constantly  in  view,  that  Von  Baer's  law  of 
proyression  from  the  general  to  the  S2wcial  appears  to  hold  good  as  well  in 
regard  to  the  functional  character  of  organs,  as  with  respect  to  their 


*  Prof.  Alison's  "Outlines  of  Human  Physiology,"  p.  13. 
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structural  and  developmental  conformity ;  as  may  be  seen  in  proceeding 
from  the  lower  to  the  higher  forms  of  organised  being,  and  ia  following 
the  successive  stages  of  development  of  any  one  of  the  higher  organisms. 
If  we  compare  the  forms  which  the  same  instrumental  struct\ire  pi-e- 
sents  in  different  parts  of  the  series,  we  shall  always  observe  that  it 
exists  in  its  most  general  or  diffused  form  in  the  lowest  classes,  and  in 
its  most  special  and  restricted  in  the  highest;  and  that  the  transition 
from  one  form  to  the  other  is  a  gradual  one.  The  function,  therefore, 
which  is  at  first  most  general,  and  is  so  combined  with  others  performed 
by  the  same  surface  as  scarcely  to  be  distinguishable  from  them,  is  after- 
wards foimd  to  be  limited  to  a  single  organ,  or  to  be  specialized  by 
separation  from  the  rest;  these  also,  by  a  similar  change,  having  been 
rendered  dependent  on  distinct  organs.  Hence  the  whole  work  of  the 
organism  (so  to  speak)  comes  to  be  accomplished  by  a  '  division  of  labour' 
amongst  its  several  organs,  each  of  which  is  adapted  to  execute  its  par- 
ticular share  with  a  measure  of  energy  and  completeness  proportionate 
to  the  speciality  of  its  development.* 

108.  Thus,  to  refer  again  to  the  provisions  existing  ia  different  Plants 
for  the  Absorption  of  fluid ;  we  fijid  that  this  action  is  performed  by  the 
entire  surface  of  the  Protophyta,  which  may  be  thus  said  to  be  all  root;  as 
we  ascend  through  the  series  of  Cryptogamia,  it  becomes  more  and  more 
limited  to  certain  parts  of  that  surface ;  until  in  Floweiing  plants  it  is 
chiefly  performed  by  its  special  organs,  the  '  spongioles,'  or  succulent  ex- 
tremities of  the  root-fibres,  which  draw-in  fluid  far  more  energetically 
than  any  portion  of  the  general  surface  can  do.  And  so  ia  the  early 
development  of  Phanerogamia,  the  germ  absorbs  by  its  whole  surface  the 
nutriment  in  which  it  lies  embedded;  it  continues  still  to  absorb  by  a 
part  of  that  surface,  even  after  the  expansion  of  its  plumula  and  the  ex- 
tension of  its  radicle  into  the  soil;  and  it  is  not  until  the  store  laid-up  by 
the  parent  has  been  nearly  exhausted,  that  the  proper  root-fibres  are 
evolved,  which  are  henceforth  to  be  its  special  instruments  of  imbibition. 
With  equal  reason  the  simplest  Protophyta  might  be  said  to  be  all  leaf  ; 
their  whole  surface  taking  part  in  those  functions,  which  are  restricted, 
in  the  higher  forms  of  Vegetable  organisation,  to  the  foliaceous  appen- 
dages. Considered  only  in  reference  to  its  vital  operations,  therefore, 
the  simplest  Plant  differs  from  the  most  complex,  priacipally  in  this,— 
that  the  whole  external  surface  of  the  former  participates  equally  in 
all  the  operations  which  connect  it  with  the  external  world,  as  those  of 
Absorption,  Exhalation,  and  Eespiration, — whilst  in  the  latter  we  find 
that  these  functions  are  respectively  confined  to  certain  portions  of  the 
surface.  However  distinct,  therefore,  the  roots  and  leaves  of  a  Vascular 
plant  are  from  each  other,  they  both  have  a  functional  analogy  with  the 
same  simple  membrane  of  the  lowest  species  of  Protophyta. 

109.  Where  the  greatest  degree  of  specialization  of  function  presents 
itself,  the  particular  arrangement  of  the  organs  will  have  reference  to  the 
general  plar.  of  conformation,  and  to  the  circumstances  under  which  the 
being  is  destined  to  exist.  Thus,  whilst  the  absorbing  organs  of  Plants 
are  prolonged  externally  into  the  soil,  they  are  usually  distributed  in 

*  This  pi-inciple  has  been  frequently  and  forcibly  dwelt  on  by  Prof,  f  Ij^e^^du^^^^^^^ 
who  has  most  fnlly  developed  and  illustrated  it  in  his  "Introduction  a.la  Zoologie  G6ueiale, 
Paris,  1851. 
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Animals  upon  the  walls  of  a  cavity  fitted  to  retain  and  prepare  the  food. 
Still  the  same  fundamental  unity  exists;  and  the  spongiole  of  the  vas- 
cular Plant,  and  the  absorbent  villus  in  the  Animal,  have  precisely  the 
same  essential  chai-acter  with  the  membrane  which  constitutes  the 
general  sm-face  of  the  Sea-weed  or  of  the  Entozoon,  or  which  lines  the 
digestive  cavity  of  the  Hydra.  It  may,  then,  be  enunciated  as  a 
treneral  tvnfh^thsit' throughout  the  whole  animated  Creation,  the  Junctionat 
character  of  the  organs  which  all  2^ossess  in  common,  remains  the  same  ; 
whilst  the  mode  in  which  that  character  is  manifested,  vanes  with  the 
general  2ilan  upon  which  the  being  is  constructed.  The  latter  part  of  this 
law  may  be  rendered  more  intelligible  by  another  illustration.  The 
respiratory  siu-face  of  Plants  is  always  prolonged  externally;  as  they  have 
no  means  of  introducing  air'into  cavities,  and  of  effecting  that  constant 
renewal  of  it  which  is  necessary  for  the  aeration  of  their  nutrient  fluid. 
The  same  is  found  to  be  the  case  in  nearly  all  aquatic  Animals,  the  gills 
of  which  are  evidently  analogous  to  the  leaves  of  Plants.  In  terrestrial 
Animals,  on  the  contrary,  the  respiratory  membrane  is  prolonged  inter- 
nally, so  as  to  form  tubes  or  cells  exposing  a  large  amount  of  surface. 
The  different  cavities  which  we  find  adapted  to  this  office,  are  all  lined 
by  a  membrane  which  is  either  derived  immediately  from  the  external 
surface,  as  in  Insects,  terrestrial  MoUusks,  &c.,  or  from  that  inversion  of 
it  which  forms  the  digestive  cavity,  as  in  Yertebrataj  and  this  mem- 
brane is  everywhere  fimctionally  or  instrumentaUy  the  same,  although 
the  organs  of  which  it  forms  a  part  are  not  homologous,  those  of  one  kind 
often  existing  in  a  rudimentary  state,  where  another  is  fully  developed 
8). — Throughout  the  second  division  of  the  work,  illustrations  will  be 
found  of  this  essential  unity  in  the  functional  character  of  the  different 
organs  common  to  all;  and  it  need  not,  therefore,  be  further  dwelt-upon 
in  this  place. 

110.  But  it  would  seem  as  if,  even  in  the  most  complex  beings,  this  Spe- 
cialization of  Function  seldom  proceeds  so  far,  as  to  incapacitate  the  more 
general  instrument  for  taking  some  part  in  it;  for  observation  of  the 
functions  of  the  more  complex  forms  of  animated  beings  leads  to  the 
knowledge  of  another  law,  which  is  simply  an  expression  of  this  fact; 
namely,  that  in  cases  where  the  different  functions  are  higldy  specialized, 
the  general  structure  retains,  more  or  less,  the  primitive  community  of  func- 
tion which  originally  characterized  it.*  As  this  principle,  also,  will  be 
copiously  illustrated  in  subsequent  chapters,  it  is  unnecessary  here  to  do 
more  than  point  out  its  mode  of  application ;  and  we  shall  again  refer  to 
the  function  of  Absorption  for  this  purpose.  As,  in  the  simplest  or  most 
homogeneous  beiags,  the  entire  surface  participates  equally  in  the  act  of 
imbibition,  so,  in  the  most  heterogeneous,  every  part  of  the  surface  retains 
some  capacity  for  it;  since,  even  in  the  highest  Plants  and  Animals,  the 
common  external  iutegument  admits  of  the  passage  of  fluid  into  the 
iaterior  of  the  system,  especially  when  the  supply  afforded  by  the  usual 
channels  is  deficient.  In  the  same  manner  we  find,  that  whilst,  in  the 
lowest  Animals,  the  functions  of  Excretion  are  equally  performed  by  the 
entire  surface,  there  is  in  the  highest  a  complex  apparatus  of  Glandular 
organs,  to  each  of  which  some  special  division  of  that  function  is  assigned; 

T  *  Author's  Memoir  '  On  Unity  of  Function,'  in  the  "  Edinburgh  PhilosopHcal 

Journal,"  July,  1837. 
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but  as  all  these  glands  have  the  same  elementaiy  structure,  and  differ 
only  in  the  peculiar  adaptation  of  each  to  separate  a  particular  constituent 
of  the  blood,  it  is  m  confoimity  with  the  law  just  stated,  that  either  the 
general  surface  of  the  skin,  or  some  of  the  special  secreting  organs,  should 
be  able  to  take-on,  in  some  degree,  the  function  of  any  gland  whose  duty 
is  suspended;  and  observation  and  experiment  fully  bear  out  this  result, 
as  will  hereafter  appear  (chap,  ix.)  *  ' 


CHAPTER  III. 

« 

OF  ALIMENT,  ITS  INGESTION  AND  PREPAEATION. 

1.  Sources  of  tlie  Demand  for  AUtnent. 

1 11.  All  Vital  Action  involves  a  clutnge  in.  the  condition  of  the  Organ- 
ised Structure  which  is  its  instrument. — The  vital  activity  of  the  Plant 
is  chiefly  manifested  in  its  increase,  development,  and  reiyi'oduction ;  in  the 
multiplication  of  its  component  cells,  in  the  metamorphoses  which  these 
cells  undergo,  and  in  the  formation  of  germs  which  are  destined  to  be  cast 
off  by  it,  and  to  originate  new  organisms  elsewhere.  These  operations 
can  only  be  performed,  however,  when  the  plant  is  supj)lied  with  such 
alimentary  substances,  as  can  be  converted  by  it  into  the  proximate 
materials  of  its  own  tissues ;  which  materials  are  then  ai^propriated  by 
them,  as  the  pabulvmi  at  whose  expense  their  growth  takes  place.  In 
those  simple  Cellular  Plants  whose  structure  is  nearly  homogeneous 
throughout,  every  act  of  cell-multiplication  conduces  directly  to  the 
growth  of  the  entire  mass ;  since  the  new  cells  thus  produced  remain  as 
constituent  parts  of  it,  so  long  as  the  organism  holds  together.  In  the 
higher  tribes  of  Plants^  however,  this  is  not  the  case ;  for  we  find,  as  we 
have  seen,  that  certain  organs  are  periodically  developed,  the  term  of 
whose  existence  is  comparatively  brief,  so  that  they  only  form  constituent 
parts  of  the  structure  for  a  short  time,  being  cast-off  as  soon  as  their  tei-m 
of  life  is  over,  to  be  rei^laced  by  another  set  possessing  attributes  of  pre- 
cisely the  same  kind.  It  is,  however,  through  the  agency  of  these  tem- 
porary organs, — namely,  the  leaves  and  the  flowers, — ^that  the  means  of 
increase  and  reproduction  are  provided  for  the  more  permanent  parts  of 
the  organism,  which  could  neither  grow  nor  regenerate  its  kind  without 
their  agency.  Thus  it  would  seem  to  be  a  general  rule,  that  wherever 
true  woody  tissue  (the  production  of  which  seems  to  be  the  highest  exer- 
tion of  the  vital  force  of  Plants)  is  produced,  the  Plant  shall  be  furnished 
with  a  set  of  organs,  whose  peculiar  function  it  is  to  prepare  and  elaborate 
its  materials,  accomplishing  this  with  such  vigour  and  activity,  that  their 
own  vital  energy  is  soon  exhausted,  so  that  they  die,  and  are  cast-ofi'  in  a 
state  of  decay ;  and  thus  the  most  permanent  poi-tion  of  the  higher  vege- 
table fabrics  is  built-up  through  the  instrumentality  of  the  most  tramsient 
part  of  their  organisation,  the  growth  of  the  wood-cells  being  entii-ely 
dependent  upon  the  vital  activity  of  the  leaf-cells.  So  again,  La  the 
higher  Plants,  we  find  that  instead  of  that  simple  liberation  of  the  gene- 
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rative  products  from  tlie  interior  of  certain  cells  more  or  less  distinctly 
set-apart  from  the  general  structure,  wMch  is  tlie  common  method  of 
finictification  in  the  lowest,  a  complex  apparatus  is  provided  for  their 
evolution :  and  that  this  apparatus,  -consisting  m  fact,  of  elements  which 
mi-ht  be  developed  into  leaves,  and  which,  though  metamoii)hosed  into 
the  parts  of  the  flower,  stiU  present  an  accordance  with  the  general  laws 
ofleaf-cn-owth,— isitselfofyet  more  transient  duration  than  the  leaves, 
bemg  c^t-off  as  soon  as  the  germs  which  it  has  brought  into  existence 
are  capable  of  Uving  separated  from  the  parent  structure.  Further,  we 
have  to  note,  that  it  is  one  part  of  the  office  of  the  apparatus  of  fructifi- 
cation, to  prepare  and  store-up  a  supply  of  nutriment  for  the  early  de- 
velopment of  the  germ;  and  this  store,  which  makes  up  the  chiel  bulk  ot 
the  seed,  is  derived  from  the'  materials  provided  by  the  roots  and  leaves 
of  the  parent-plant. 

112.  Thus,  then,  if  we  look  at  the  sources  of  demand  tor  Alrment  m 
the  Vegetable  Organism,  we  shall  see  that  they  may  be_  reduced  to  the 
following  heads — I.  The  extension  of  tlie  individual  fabric,  by  the  multi- 
plication and  development  of  its  component  parts.  These  may  all  resemble 
one  another  and  those  from  which  they  sprung  (as  is  the  case  with  the 
lower  Cellular  Plants,  §  22),  may  correspond  in  duration,  and  may,  in 
their  turn,  be  the  subject  of  further  multiplication  to  an  almost  unlimited 
extent ;  or  they  may  take-on  a  development  which  diiferentiates  them 
from  each  other,  so  that  whilst  some  (as  the  woody  bundles  in  the  stems 
of  the  Yascular  Plants)  possess  considerable  durability,  and  remain  as 
permanent  parts  of  the  fabric,  others  (as  the  leaves)  are  destined  for  only 
a  temporary  activity,  replacing  for  a  time  those  that  have  already 
expended  their  powers  and  passed  through  their  term  of  life,  and  them- 
selves dying  as  soon  as  they  have  completed  the  same  series  of  phases  of 
existence,  which  has  for  its  ultimate  object  the  extension  of  the  more  per- 
manent parts  of  the  structure. — II.  The  production  of  germs  for  the 
continuance  of  the  race;  which  not  only  incorporate  in  their  own  sub- 
stance a  certain  amount  of  elaborated  nutriment,  but  which,  in  the  higher 
plants,  carry  with  them  a  further  supply,  at  the  expense  of  which  their 
early  development  takes  place. — It  is,  then,  by  the  activity  of  the  func- 
tions of  Growth  and  Reproduction  alone,  that  the  demand  for  food  is  de- 
termined in  the  Plant ;  and  we  shall  find  that,  in  their  turn,  the  activity 
of  these  functions  is  dependent  upon,  and  in 'some  degree  determined  by, 
the  supply  afforded  to  it.  Thus  it  is  when  the  plant  is  most  abundantly 
furnished  with  appropriate  materials  by  its  roots  and  leaves,  that  it  will 
most  tend  to  throw  out  new  leaf-buds,  to  form  new  wood,  and  thus  to 
grow  as  an  individual;  whilst,  on  the  other  hand,  it  is  when  more 
sparingly  supplied  with  nutriment,  that  it  will  produce  the  greatest 
number  of  flower-buds,  and  develope  the  most  numerous  progeny.  In 
the  life  of  the  simpler  plants,  there  may  be  said  to  be  no  '  waste'  what- 
ever ;  for  so  long  as  their  tissues  are  growing  and  multiplying,  so  long  do 
they  resist  the  influences  wliich  tend  to  their  decomposition.  But  in  the 
life  of  the  higher  plants,  a  source  of '  waste'  arises  from  the  temporary 
nature  of  some  of  their  Organs ;  though  even  this  is  connected,  as  we  have 
just  seen,  with  the  constructive,  not  with  the  destructive  class  of  opera- 
tions,— the  successional  development  and  death  of  the  leaves  being  sub- 
sei-vient  to  the  building-up  of  the  individual  fabric,  and  to  the  regenera- 
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tion  of  the  race.  Thus  a  very  large  proportion  of  the  aliment  taken  into 
the  Vegetable  system  is  dii-ectly  appropriated  to  these  pui-poses;  the 
amount  of  carbonic  acid  and  of  other  excretory  matters  given  off  during 
the  period  of  growth,  being  veiy  small  in  proportion  to  that  of  the 
materials  introduced;  and  the  fall  of  the  leaves,  which  restores  to  the 
condition  of  inorganic  matter  a  certain  amount  of  substance  that  has 
undergone  the  organismg  process,  not  taking  place,  until  by  their  instru- 
mentality a  considerable  addition  has  been  made  to  the  solid  fabric  of 
the  tree.  To  these  processes  of  extension  and  reproduction,  there  would 
not  seem  to  be, — at  least  in  a  large  proportion  of  the  fabrics  belonging  to 
the  Vegetable  kingdom, — any  very  definite  limit. 

113.  The  case  is  very  different,  however,  as  regards  the  Animal.  In 
it,  also  the  activity  of  the  functions  of  growth  and  reproduction  becomes 
a  source  of  demand  for  food.  But,  excepting  in  those  tribes  wluch  (like 
Zoophytes)  multiply  by  gemmation,  the  period  of  increase  is  limited. 
The  fall  size  of  the  body  is  usually  attained,  and  all  the  organs  acquire 
their  complete  evolution,  at  a  comparatively  early  period.  The  continued 
supj)ly  of  food  is  not  then  requisite  for  the  extension  of  the  structure, 
but  simply  for  its  maintenance;  and  the  source  of  this  demand  lies  in  the 
constant  '  waste,'  to  which,  during  its  period  of  activity,  it  is  subjected. 
Every  action  of  the  Nervous  and  Muscular  systems  involves  the  death 
and  decay  of  a  certain  amotint  of  the  living  tissue,  as  is  indicated  by  the 
appearance  of  the  products  of  that  decay  in  the  Excretions ;  and  a  large 
part  of  the  demand  for  food  will  be  consequently  occasioned  by  the  neces- 
sity for  making  good  the  loss  thus  sustained.  ITence  we  find  that  the 
demand  for  food  bears  a  close  relation  to  the  activity  of  the  '  animal'  or 
destructive  functions ;  and  thus  the  Birds  of  most  active  flight,  and  the 
Mammals  which  are  required  to  put  forth  the  greatest  efforts  to  obtain 
their  food,  need  the  largest  and  most  constant  supplies  of  nutriment ; 
whilst  even  the  least  active  of  these  classes  stand  in  remarkable  contrast 
with  the  inert  Reptiles,  whose  slow  and  feeble  movements  are  attended 
with  so  little  waste,  that  they  can  sustaia  life  for  weeks  and  even  months, 
with  little  or  no  diminution  of  their  usual  activity,  without  a  fresh  supply 
of  food. 

114.  But  this  waste  and  decay  do  not  affect  the  muscular  and  nei-vous 
tissues  alone;  for  as  we  have  found  in  the  Plant,  that  the  higher  parts  of 
the  structure  are  developed  by  the  instrumentality  of  the  vital  activity 
of  the  lower,  so  do  we  find  in  the  Animal,  that  the  exercLse  of  those 
constructive  operations,  by  which  the  materials  for  the  fii-st  growth  and 
the  subsequent  maintenance  of  the  fabric  are  prepared  and  kept  in  a 
state  of  the  requisite  purity,  involves  the  agency  of  a  set  of  organs,  which 
may  be  said  to  be  entirely  '  vegetative'  in  their  character,  and  in  which,  as 
in  the  higher  Plants,  a  continual  renewal  of  the  cells  that  constitute  their 
essential  structure,  seems  necessary  for  their  functional  activity.  Thus  aU 
the  glandular  and  mucous  surfaces  are  continually  formmg  and  throwing 
off  epithelial  cells,  whose  production  requires  a  regular  supply  of  nutri- 
ment •  and  only  a  part  of  this  nutriment  (that  which  occupies  the  camty 
of  the  cells)  consists  of  matter  that  is  destined  to  serve  some  other 
purpose  in  the  system,  or  that  has  already  answered  it;  the  remamder 
(that  of  which  their  soHd  walls  are  composed)  being  furnished  by  the 
nutritive  materials  of  the  blood,  and  being  henceforth  altogether  lost  to 
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it -Thus  eveiy  act  of  Animal  Nutiition  involves  a  waste  or  decay  of 
Oi-anised  tissue,  either  in  the  first  preparation  of  the  nutrient  fluid,  or 

"^IVt^Zj'^^T:  difference,  however,  between  the 

amount  of  aliment  required,  and  the  amount  of  waste  occasioned  by  the 
sZk  exercise  oi  the  nutntive  or  vegetat^e  functions  m  the  building-up 
3  maiiitenance  of  the  animal  body,  and  that  which  results  from  the 
SercSe  of  the  anwial  functions.  The  former  are  carried  on,  with  scarcely 
Sy  i^tem^tuJe  of  the  latter,  during  foetal  life.  The  alnnent,  m  a  state 
of  preparation,  is  introduced  into  the  foetal  vessels;  and  is  conveyed  by 
them  into  the  various  paris  of  the  structure,  which  are  developed  at  its 
expense.  The  amount  of  waste  is  then  very  trifling,  as  we  may  judge 
by  the  small  amount  of  excretory  matter,  the  product  of  the  action  of  the 
Hver  and  kidneys,  which  has  accumulated  at  the  time  of  birth;  although 
these  organs  have  attained  a  sufficient  development,  to  act  with  energy 
when  called-upon  to  do  so.  But  so  soon  as  the  movements  of  the  body 
be^  to  take  place  with  activity,  the  waste  increases  greatly;  and 
we°  even  observe  this  immediately  after  birth,  when  a  large  part  of  the 
time  is  stm  passed  in  sleep,  but  when  the  actions  of  respiration  mvolve  a 
constant  employment  of  muscular  power.— In  the  state  of  profound  sleep 
at  subsequent  periods  of  Hfe,  the  vegetative  functions  are  performed,  with 
no  other  exercise  of  the  animal  powers  than  is  requisite  to  sustain  them; 
and  we  observe  that  the  waste,  and  the  demand  for  food,  are  then 
diminished  to  a  very  low  point.  This  is  well  seen  in  many  animals,  which 
lead  a  life  of  great  activity  dui-ing  the  warmer  parts  of  the  year,  but 
which  pass  the  winter  in  a  state  of  profound  sleep,  without,  however,  any 
considerable  reduction  of  temperature;  the  demand  for  food,  instead  of 
being  frequent,  is  only  felt  by  them  at  long  intervals,  and  their  excretions 
are  much  reduced  in  amount.  And  those  animals  which  become  com- 
pletely inert,  either  by  the  influence  of  cold,  or  by  the  drying-up  of  their 
tissues,  do  not  suffer  from  the  most  prolonged  deprivation  of  food; 
because  not  only  are  their  animal  functions  suspended,  but  their  nutri- 
tive operations  also  are  in  complete  abeyance ;  and  as  the  contiiiual  de- 
composition which  would  otherwise  be  taking  place  in  their  tissues,  is 
checked  by  the  cold  or  by  the  desiccation  to  which  they  are  subjected,  the 
whole  series  of  changes  which  would  be  going-on  in  their  active  condition 
is  brought  completely  to  a  stand. 

116.  But  there  is  another  most  important  source  of  demand  for  food, 
amongst  the  higher  Animals,  which  does  not  exist  either  amongst  the 
lower  Animals,  or  in  the  Yegetable  kingdom.  Mammals,  Birds,  and,  to  a 
certain,  extent  Insects  also,  are  able  to  maintain  the  heat  of  their  bodies 
at  a  fixed  standard,  and  are  thus  made  in  great  degree  independent  of 
variations  in  external  temperature.  This  they  are  enabled  to  do,  as  will  be 
explained  hereafter  (chap,  x..  Sect.  3),  by  a  process  analogous  to  ordinary 
combustion;  the  carbon  and  hydi-ogen  which  are  directly  supplied  by 
their  food,  or  which  have  been  employed  for  a  time  in  the  composition  of 
their  liviag  tissues  and  are  then  set  free,  being  made  to  unite  with 
oxygen  introduced  by  the  respiratory  process,  and  thus  giving  off  as  much 
heat  as  if  the  same  materials  were  burned  in  a  furnace.  And  it  has  been 
experimentally  proved,  that  the  immediate  cause  of  death  in  a  warm- 
blooded animal  from  which  food  has  been  entirely  withheld,  is  the  in- 
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ability  any  longer  to  sustain  that  temperature,  whicli  ls  requisite  for  the 
pertormance  of  its  vital  operations.  Hence  we  see  the  necessity  for  a 
constant  supply  of  aliment,  in  the  case  of  warm-blooded  animals,  for  this 
pui-pose  alone;  and  the  demand  wUl  be  chiefly  regulated  by  the  difference 
between  the  external  temperature  and  that  of  the  animal's  body.  When 
the  heat  is  rapidly  carried-off"  from  the  surface,  by  the  chilling  influence 
of  the  suiTounding  air,  a  much  greater  amount  of  carbon  and  hydi-ogcn 
must  be  consumed  within  the  body,  to  maintain  its  proper  heat,  than 
when  the  air  is  nearly  as  warm  as  the  body  itself ;  so  that  a  diet  which  is 
appropriate  to  the  former  circumstances,  is  superfluous  and  injurious  in 
the  latter ;  and  the  food  wliich  is  amply  sufficient  in  a  warm  climate,  is 
utterly  destitute  of  power  to  enable  the  animal  to  resist  the  influence  of 
severe  cold.  Again,  the  Bird,  whose  natural  temperature  is  1 10°  or  1 1 2° 
and  the  bulk  of  whose  body  is  small  in  proportion  to  the  sui-face  it  exposes, 
must  consume  a  greater  quantity  of  combustible  material  for  the  main- 
tenance of  its  normal  heat,  than  is  required  by  a  Mammal,  whose  natui-al 
temperature  is  100°,  and  whose  body,  being  of  much  greater  bulk,  ex- 
poses a  much  smaller  proportional  surface  to  the  cooling  influence  of  the 
surrounding  medium. 

117.  Thus  we  find  that,  in  the  Animal  body,  aliment  is  ordinarily  re- 
quired for  four  different  purposes ;  the  first  two  of  which  are  common  to 
it  and  to  the  Plant,  whilst  the  others  are  peculiar  to  it. — I.  The  first 
construction  or  building-up  of  the  organism,  by  the  development  and 
multiplication  of  its  component  parts.  II.  The  production  of  germs  for 
the  continuance  of  the  race;  and,  in  addition,  in  the  female,  the  provi- 
sion of  the  store  of  aliment  required  by  these  germs  during  their  early 
development.  III.  The  maintenance  of  the  organism  both  during  its 
period  of  growth,  and  after  its  attainment  of  its  fall  size,  notwithstanding 
the  '  waste'  occasioned  by  the  active  exercise  of  the  nervous  and  muscular 
systems.  IV.  The  supply  of  the  materials  for  the  heat-producing  process, 
by  which  the  temperature  of  the  body  is  kept  up. — The  amount  required 
for  these  several  purposes  will  vary,  therefore,  not  only  with  the  general 
activity  of  the  nutritive  processes,  but  in  accordance  with  the  conditions 
of  the  body,  as  regards  exercise  or  repose,  and  external  heat  or  cold.  It 
is  also  subject  to  great  variation  with  difference  of  Age.  Dming  the 
period  of  growth,  a  much  larger  supply  of  food  is  required  in  propor- 
tion to  the  bulk  of  the  body,  than  when  the  full  stature  has  been 
attained:  but  this  results,  not  so  much  from  the  appropriation  of  a 
part  of  this  food  to  the  augmentation  of  the  fabric  (the  proportion  of 
its  whole  amount  which  is  thus  employed  being  extremely  small),  as  from 
the  much  greater  rapidity  of  change  in  the  constituents  of  the  body  of  the 
young  animal,  than  in  that  of  the  adult ;  which  is  evidenced  by  the  large 
proportional  amount  of  the  excretions  of  the  former,  by  the  rapidity  with 
which  the  effects  of  insufficiency  of  aliment  manifest  themselves  in  the 
diminution  of  the  bulk  and  firmness  of  the  body,  by  the  short  dtu'ation 
of  life  when  food  is  altogether  withheld,  and  by  the  readiness  with  which 
losses  of  substance  by  disease  or  injury  are  repaired,  when  the  nutritive 
processes  are  restored  to  their  full  activity.  The  converse  of  all  this  holds 
good  in  the  state  of  advanced  age.  The  excretions  diminish  in  amount, 
the  want  of  food  may  be  sustained  for  a  longer  period,  losses  of  substance 
are  but  slowly  repaired,  and  everything  indicates  that  the  intei-stitial 
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changes  are  perfoimed  with  comparative  slowness;  and,  accordingly,  the 
demfuid  for  food  is  then  mvxch  less  in  proportion  to  the  bulk  of  the  body, 
than  it  is  in  the  adidt.  This  contrast  is  most  remarkably  shown  in  the 
Insect  tribes,  which  are  far  more  voracious  in  the  larva  than  in  the  imago 
state;  many  species,  indeed,  taking  no  food  whatever,  after  their  last 
metamorphosis;  and  most  others  taking  very  little,  except  such  as  they 
may  be  preparing  to  apply  to  the  sustenance  of  their  progeny. 

118.  The  influence  of  the  supply  of  food  upon  the  size  of  the  indi- 
\ddual,  is  veiy  evident  in  the  Vegetable  kingdom;  and  it  is  most  strikingly 
manifested,  when  a  plant  naturally  growing  in  a  poor  dry  soil  is  trans- 
fen-ed  to  a  rich  damp  one,  or  when  we  contrast  two  or  more  individuals 
of  the  same  species,  growing  in  localities  of  opposite  characters.  Thus, 
says  Mr.  Ward,*  "  I  have  gathered,  on  the  chalky  borders  of  a  wood  in 
Kent,  perfect  specimens  in  fuU  flower  of  Erythrcea  Gentaurium  (Common 
Centaury),  not  more  than  half  an  inch  in  height;  consisting  of  one  or 
two  pairs  of  most  minute  leaves,  with  one  [solitary  flower :  these  were 
growing  on  the  bare  chalk.  By  tracing  the  plant  towards  and  in  the 
wood,  I  found  it  gradually  increasing  in  size,  until  its  full  development 
was  attained  in  the  open  parts  of  the  wood,  where  it  became  a  glorious 
plant,  four  or  five  feet  in  elevation,  and  covered  with  hundi'eds  of  flowers." 
We  find,  then,  that  by  starvation,  naturally  or  artificially  induced, 
Plants  may  be  dwarfed,  or  reduced  in  stature :  thus  the  Dahlia  has  been 
diminished  from  six  feet  to  two ;  the  Spruce  Fir  from  a  lofty  tree  to  a 
pigmy  biish;  and  many  of  the  trees  of  plains  become  more  and  more 
dwarfish  as  they  ascend  mountains,  till  at  length  they  exist  as  mere 
undei-wood.  Part  of  this  efiect,  however,  is  doubtless  to  be  attributed 
to  diminished  temperature;  which  concurs  with  deficiency  of  food  in 
producing  inferiority  of  size. — The  influence  of  variations  in  the  supply 
of  food,  in  producing  a  corresponding  variety  of  size,  seems  to  be  less 
in  the  Animal  kingdom  than  in  the  Yegetable :  but  this  is  not  because 
Animals  are  in  any  degree  less  dependent  than  Plants  upon  a  proper 
measure  of  aliment.  For  such  a  limitation  of  the  supply  as  would  dwarf 
a  Plant  to  any  considerable  extent,  would  be  fatal  to  the  life  of  an 
Animal.  On  the  other  hand,  an  excess  of  food,  which  (under  favour- 
able circumstances)  would  produce  great  increase  in  the  size  of  the 
Plant,  would  have  no  corresponding  influence  on  the  Animal ;  for  its 
size  appears  to  be  restrained  within  much  narrower  limits, — its  period 
of  growth  being  restricted  to  the  early  part  of  its  life,  and  the  dimen- 
sions proper  to  the  species  being  rarely  exceeded  in  any  great  degree. 
Even  in  the  case  of  giant  individuals,  it  does  not  appear  that  the  ex- 
cess of  size  is  produced  by  an  over-siipply  of  food;  but  that  the 
larger  supply  of  food  taken-in,  is  called-for  by  the  unusual  wants  of  the 
system,— those  wants  being  the  result  of  an  extraorcUnary  activity  in 
the  processes  of  gi-owth,  and  being  traceable  rather  to  the  properties 
mherent  m  the  individual  organism,  than  to  any  external  agencies  The 
influence  of  a  diminished  supply  of  food,  in  producing  a  marked  infe- 
riority m  the  size  of  Animals,  is  most  efifectually  exerted  during  those 
early  penods  of  growth,  in  which  the  condition  of  the  system  is  most 
purely  '  vegetative.'    Thus  it  is  well  known  to  Entomologists,  that, 

*  "On  the  Growth  of  Plants  in  closely  glazed  Cases,"  2ncl  edition,  p.  16. 
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whilst  it  is  rare  to  find  Insects  departing  widely  from  the  average  size 
on  the  side  of  excess,  dwarf-individuals,  possessing  only  half  the  usual 
dimensions,  or  even  less,  are  not  uncommon;  and  there  can  be  Uttle 
doubt  that  these  have  suffered  from  a  diminished  supply  of  nutriment 
during  their  larva  state.  This  variation  is  most  apt  to  present  itself  in 
the  very  large  species  of  Beetles,  which  pass  several  years  in  the  larva 
state  j  and  such  dwarf-specimens  have  even  been  ranked  as  sub-species. 
Abstinence  has  been  observed  to  produce  the  effect,  upon  some  Cater- 
pillars, of  diminishing  the  number  of  motdts  and  accelerating  the  trans- 
formation; in  such  cases,  the  Chrysalis  is  more  delicate,  and  the  size  of 
the  perfect  Insect  much  below  the  average. — That  insufficiency  of  whole- 
some food,  continued  through  successive  generations,  may  produce  a 
marked  effect,  not  merely  upon  the  stature,  but  upon  the  foi-m  and 
condition  of  the  body,  even  in  the  Human  race,  appears  from  many  cases 
in  which  such  influence  has  operated  on  an  extensive  scale.  Of  these 
cases,  some  of  the  most  remarkable  are  those  of  the  Bushmen  of  Southern 
Africa,  and  the  aborigines  of  New  Holland;  whose  low  physical  condi- 
tion appears  to  be  in  great  part  due  to  imperfect  nutrition, 

119.  There  can  be  no  doubt  that  the  character  of  the  food  supplied, 
-has  an  important  influence  upon  the  development  of  particular  parts  of 
the  organism;  and  may  thus  modify  its  general  conformation  in  a  i-e- 
markable  degree.  Many  of  the  alterations  which  are  effected  by  cultiva- 
tion in  Plants,  obviously  proceed  from  this  source ;  and  when  it  is  known 
what  are  the  particular  components  of  any  sj)ecial  tissue  or  organ  which 
it  is  desired  to  augment,  a  supply  of  the  appropriate  pabuluvi  will  usually 
be  effectual  for  this  purj)ose.  Thus  the  production  of  the  Corn-grains  is 
largely  increased  by  azotized  manure  combined  with  the  earthy  phos- 
phates ;  whilst  that  of  the  Sugar-cane  is  in  like  manner  favoured  by  non- 
azotized  manure  combined  with  silex.  So  in  the  higher  Animals,  the  pro- 
duction of  blood-corpuscles  is  known  to  be  promoted  by  iron,  that  of  fat 
by  abundance  of  oleaginous  or  farinaceous  food,  and  even  that  of  muscle 
and  bone  by  suitable  kinds  of  diet. — The  most  remarkable  example,  how- 
ever, of  the  influence  of  particular  kinds  of  food  in  modifying  the  processes 
of  development,  is  seen  in  the  economy  of  the  Hive-Bee.  The  neuters, 
which  constitute  the  majority  of  every  community,  are  reaUy  females 
with  the  sexual  organs  undeveloped,  the  capacity  for  generation  being 
restricted  to  the  queen.  If  by  any  accident  the  queen  should  be  destroyed, 
or  if  she  be  purposely  removed  for  the  sake  of  experiment,  the  bees 
choose  two  or  three  from  among  the  neuter-eggs  that  have  been  depo- 
sited in  their  appropriate  cells,  and  change  these  cells  (by  breaking-down 
others  around  them)  into  royal  cells,  differing  from  them  considerably  in 
form,  and  of  miich  larger  dimensions ;  and  the  larvse,  when  they  come 
forth,  are  supplied  with  '  royal  jeUy,'  an  aliment  of  a  very  different^natiu-e 
from  the  'bee-bread'  which  is  stored-up  for  the  nourishment  of  the 
workers,  being  of  a  pungent  stimulating  character.  After  going  thi-ough 
its  transformations,  the  grub  thus  treated  comes  forth  a  perfect  queen ; 
differing  from  the  '  neuter'  into  which  it  would  otherwise  have  changed, 
not  only  in  the  development  of  the  generative  apparatus,  but  also  in  the 
foi-m  of  the  body,  the  proportionate  length  of  the  wings,  the  shape  of  the 
tongue,  jaws,  and  sting,  the  absence  of  the  hollows  on  the  thighs  in 
which  the  pollen  is  carried,  and  the  loss  of  power  to  secrete  wax.  Thus 
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in  acquiring  the  attributes  i^eculiar  to  tlie  perfect  reproductive  female, 
the  insect  loses  those  which  distinguish  the  working  population  of  the 
hive ;  and  of  this  departure  from  its  usual  mode  of  development,  the 
difference  in  the  food  with  which  it  is  supplied  appeai-s  to  be  the  only 
essential  condition. 

2.  Natwre  of  the  Alimentary  Materials. 

120.  Amongst  the  general  differences  between  the  Animal  and  Vege- 
table kingdoms,  none  are  more  striking  than  those  existing  between  the 
aliments  whereon  they  are  respectively  supported,  and  the  mode  of  their 
ingestion  or  introduction  into  the  system.  The  essential  nutriment  of 
Plants  appeai-s  to  be  supplied  by  the  Inorganic  world ;  and  to  consist 
chiefly  of  the  elements  of  water,  carbon,  and  nitrogen,  with  certain 
mineral  compounds.  The  Water  is  partly  derived  from  the  fluid  that 
percolates  the  soil,  which  is  absorbed  by  the  roots ;  and  partly  from  the 
moistiire  of  the  atmosphere,  which  is  imbibed  by  the  leaves. — The  C'arbon 
is  principally  obtained  (§  268)  from  the  carbonic  acid  which  exists  in  the 
Atmosphere  in  the  proportion  of  about  0 '00049  to  1;  but  most  plants 
are  assisted  in  their  growth  by  its  introdixction  through  the  roots  also. 
In  all  soils  of  moderate  riclmess,  there  exists  a  large  quantity  of  the 
remains  of  organised  fabrics,  the  upper  layer  of  which  is  constantly 
undergoing  some  degree  of  decomposition  by  contact  with  the  atmo- 
si>here,  so  that  carbonic  acid  is  formed  in  it.  The  water  which  traverses 
such  a  soil,  therefore,  will  become  charged  with  this  gas;  and  this 
state  of  solution  appears  to  be  that  in  which  carbon  may  be  most 
advantageously  introduced  into  the  vegetable  system.  It  seems  pro- 
bable that  the  organic  matter  which  rich  soils  contain,  is  not  itself 
applied  to  the  nutrition  of  the  plant,  without  this  previous  decompo- 
sition ;*  for  it  is  found  that  those  soils  which  afford  the  most  steady  and 
equable  supply  of  carbonic  acid,  are  the  most  favourable  to  vegetable 
growth;  and  that  this  end  may  be  answered,  not  merely  by  an  admixture 
of  decomposing  organic  matter,  but  by  the  introduction  of  substances, 
such  as  gypsum  or  powdered  charcoal,  which  have  the  property  of  con- 
densing carbonic  acid  from  the  atmosphere. — It  is  only  within  a  recent 
period,  that  the  dependence  of  all  Vegetable  growth  upon  a  due  supply 
of  Nitrogen  has  been  ascertained;  but  it  is  now  known  that,  although 
iisually  existing  in  only  a  small  proportion,  its  presence  in  the  vegetable 
tissues  is  peculiarly  important  at  the  time  of  their  greatest  formative 
activity;  the  '  primorcUal  utricle,'  which  is  the  seat  of  the  most  active 
vital  operations,  being  composed  of  albuminous  matter,  in  which  nitrogen 
IS  an  essential  ingredient.  The  small  quantity  of  nitrogen  which  the 
usual  rate  of  growth  of  ordinary  Plants  causes  them  to  requii^e,  appears 

*  It  Las  been  recently  affirmed,  by  MM.  Verdeil  and  Eislet,  that  a  soluble  neutral  com- 
pound, isomeric  with  bgnin,  ceUiilose,  &c.,  may  be  extracted  from  fertile  soils;  being  the 
result  of  the  partial  decomposition  of  the  organised  structures  at  the  expense  of  which 
these  soils  have  been  generated.  The  solution  of  this  compound  in  water  has  a  remarkable 
power  of  taking  up  sdica  and  carbonate  of  Ume ;  and  it  thus  becomes  the  meansTSro! 
ducing  these  substances  into  the  plant.  According  to  the  chemists  who  have  discoYerS  it 
this  compound  may  be  cbrectly  appropriated  as  nutiiment  by  growing  plLts  IltWh 
hey  rulinit  that  if  not  so  appropriated,  it  speedily  decomposes  a?d  ^^loMo^c  Z^ 
(Seo    Comptes  Eendus  de  la  Societc  de  Biologie,"  1853,  p.  111.)  i-iroomc  acia. 
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to  bo  derived  from  the  minute  propoi-tion  of  ammonia  existing  in  the 
atmosphere,  in  combination  with  carbonic  acid;  tliis  being  condensed 
from  it  in  rain  or  dew,  or  absorbed  in  the  gaseous  state  by  porous  soils, 
so  as  in  either  case  to  find  its  way  to  the  roots  in  the  liqmcl  which  they 
imbibe.  But  the  growth  of  most  plants  is  powerfully  stimulated  by  an 
additional  supply  of  ammonia,  such  as  they  derive  from  the  introduction 
of  decaying  animal  substances  into  the  soil,  as  manxrres;  and  the  efficacy 
of  these  is  peculiarly  manifested  in  the  large  increase  of  the  amount  of 
azotized  compounds,  then  generated  by  such  plants  (the  com-grairts,  for 
example)  as  naturally  produce  them  in  considerable  proportion.* — To 
the  fertility  of  a  soil,  then,  it  is  essential  that  it  yield  a  sufficient  and 
regular  supply  of  moisture,  carbonic  acid,  and  ammonia;  the  two  latter 
being  either  attracted  from  the  atmosphere,  or  evolved  by  its  own 
decomposition.  But  however  richly  a  soil  may  afford  these  ingredients, 
it  will  not  support  an  active  vegetation,  unless  it  also  supply  in  sufficient 
quantity  the  Mineral  substances  which  Plants  require.  These  are,  for 
the  most  part,  the  earthy  carbonates,  sulphates,  and  phosphates,  the 
alkaline  carbonates,  and  silica.  Most  soils  contain  the  greater  nimiber 
of  these  compounds  in  larger  or  smaller  proportion;  and  it  is  mainly 
according  to  the  predominance  of  one  or  other  of  them,  that  particular 
soils  are  specially  fitted  to  support  those  kinds  of  plants  in  which  a  like 
pi'edominance  exists.  Thus  the  Cerealia  and  Grasses  require  a  large  pro- 
portion of  silica  and  of  the  alkaline  carbonates;  Turnips  and  Potatoes, 
more  of  the  alkalies ;  Peas,  Beans,  Clover,  &c.,  carbonate  and  sulphate  of 
lime ;  while  all  (but  especially  the  Corn-grains)  require  a  full  supj^ly  of 
phosphates. — The  opinion  that  Air  and  Water,  with  the  inorganic  sub- 
stances they  bring  with  them,  furnish  the  essential  food  of  plants,  is 
confirmed  by  the  fact,  that  not  only  will  the  simpler  forms  of  Lichens 
appear  on  barren  rocks  in  the  midst  of  the  ocean,  increasing  by 
absorption  from  the  atmosphere  alone,  and  preparing  by  their  decompo- 
sition a  nidus  for  the  reception  of  the  germs  of  higher  ordere  of  vege- 
tation ;  but  that  many,  even  of  the  more  highly  organised  species,  will 
grow  in  circumstances  where  no  other  kind  of  nutriment  is  accessible  to 
them.  The  small  amount  of  earthy  or  saline  matter  contained  in  the 
tissues  of  such  plants,  must  be  derived  from  the  atmosphere,  which  is 
known  to  hold  such  particles  in  suspension. 

121.  The  only  class  of  Plants  which  even  seems  to  be  dependent  for  its 
support  upon  matters  already  organised,  is  that  oi  Fungi  (§  26);  but  it 
is  probable  that  this  dependence  only  arises  from  the  peculiarly  lai-ge 
and  constant  supply  of  carbonic  acid  and  ammonia,  which  they  require 

*  According  to  the  recent  enquiries  of  M.  Georges  Ville,  the  mean  quantity  of  Ammonia 
contained  in  the  atmosphere  is  only  22-417  grms.  in  a  million  of  kilogi-ammes,  (or 
0-0000000224  parts)  ;  the  maximum  quantity  heing  29-43  grms,  and  the  minimum  17-14 
grms.  He  things  that  this  quantity  is  too  small  to  furnish  the  supply  of  nitrogen  which 
vegetation  involves ;  and  maintains  that  plants  must  absorb  azote  direct  ft-om  the  atmo- 
sphere,— an  assertion,  however,  of  which  no  suihcient  proof  is  given.  He  found  that  an  ai-ti- 
ficial  increase  of  the  ammonia  in  the  atmosphere  to  an  extent  of  0-0004,  produces  au  extra- 
ordinary increase  in  the  activity  of  the  vegetative  processes ;  and  that  the  plants  grown  in 
such  an  atmosphere  contain,  when  matui-e,  twice  as  much  azote  as  those  gi-own  in  pure  air. 
If  this  treatment  be  employed  at  the  commencement  of  the  flowering  season,  the  increased 
development  of  the  leaves  checks  that  of  the  flowers ;  and  if  any  flowers  are  produced  they 
ai-e  barren.— ("Proceedings  of  the  Royal  Society,"  May  26,  1853.) 
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as  the  condition  of  their  gi-owth;  as  well  as  (i^erhaps)  from  their  bemg 
only  able  to  appropriate  these  compounds  in  the  '  nascent'  state.  There 
is  no  reason  to  believe  that  they  can  make  use  of  organic  compounds 
in  any  other  than  a  state  of  decomposition,  and  hence  it  is  that  their 
great  utility  in  the  economy  of  Nature  arises;  the  products  of  decay, 
which  might  otherwise  have  poisoned  the  atmosphere,  being  converted 
into  living  and  growing  tissues. — Fungi  present  us  with  two  curious 
analogies  to  the  Animal  kingdom;  both  resulting,  no  doubt,  from  the 
mode  in  which  they  receive  their  aliment.  The  large  quantity  of  car- 
bonic acid  with  which  their  absorbent  apparatus  furnishes  them,  prevents 
the  necessity  of  their  drawing  any  additional  supply  of  it  from  the 
atmosphere;  but  on  the  contrary,  like  animals,  they  have  only  to  get  rid 
of  what  is  superfluous.  And  again,  the  proportion  of  azotized  matter 
contained  in  their  tissues  is  much  greater  than  ia  those  of  any  other  vege- 
table ;  so  that  their  substance,  if  capable  of  being  digested,  is  almost  as 
nutritious  as  animal  flesh. 

122.  It  is  a  general  law  of  vitality,  that  the  materials  of  nutrition  can 
only  be  introduced  into  the  living  system  in  the  fluid  state ;  and  although 
the  iagestion  of  solid  aliment  by  the  liigher  Animals  might  seem  to 
contradict  such  a  principle,  a  little  examination  into  the  character  of  their 
nutritive  apparatus  will  show  that  it  is  framed  in  conformity  with  it. 
In  addition  to  the  absorbing  organs  with  which  Plants  are  furnished, 
and  by  which  they  directly  imbibe  their  aliment  from  the  external 
world,  nearly  all  Animals  are  provided  with  cavities  for  the  reception 
of  their  food,  and  for  its  reduction  to  a  state  fit  to  enter  the  vessels. 
The  necessity  for  these  cavities  arises  out  of  the  nature  of  the  aliment 
requii-ed  by  Animals,  which  usually  pre-exists  in  a  form  more  or  less 
solid ;  and  also  from  the  occiuTence  of  intervals  between  the  periods  at 
which  it  is  obtained.  WhUst  the  roots  of  Vegetables  are  fixed  in  the  soO, 
and  ramify  through  it  in  pursuit  of  their  nutriment.  Animals,  whose 
locomotive  powers  are  necessary  for  the  search  after  the  food  they  require, 
may  be  said  to  carry  their  soil  about  with  them ;  for  their 
absorbents  are  distributed  on  the  walls  of  a  digestive  cavity, 

Ojust  as  those  of  Plants  are  externally  prolonged  into  the  earth. 
This  cavity  is  in  aU  instances  formed  by  a  reflexion  of  the  ex- 
ternal surface,  of  which  the  Hydra  (Pig.  34)  may  be  regarded 
as  presenting  us  with  the  simplest  example.  It  is  merely  a  bag 
with  one  opening  (a),  which  may  be  regarded  as  all  stomach. 
A  higher  form  is  that  in  which  the  cavity  has  two  orifices,  and 
thus  becomes  a  canal  (b);  and  all  the  complicated  intestinal 
"  apparatus  of  the  higher  animals  may  be  considered  as  a  more 
extended  development  of  this  simple  ty^je.  That  the  presence 
of  the  stomach,  however,  is  not  an  essential  character  of  the 
Animal  (as  taught  by  some  Physiologists),  but  is  rather  a 
special  adaptation  of  their  organism  to  the  peculiarity  of  their 
food,  which  may  be  dispensed-with  under  peculiar  circum- 
stances, will  appear  hereafter  (§  138).— The  food  wliich  is 
mtroduced  into  this  cavity,  is  acted-upon  mechanically  by 
the  motion  of  the  walls,  and  chemically  by  the  secretions 
poured  from  their  surface;  so  that  the  nutritious  parts  of  it  are  sepai^ated 
from  those  which  may  be  rejected,  and  are  reduced  to  a  fluid  form  —That 
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tlie  process  of  Digestion  in  Animals  is  really  of  no  higher  a  character 
than  tills,  and  that  it  has  nothing  to  do  with  '  organising'  or  '  vitalizing' 
the  materials  submitted  to  it,  appears  alike  from  d,  priori  considerations, 
and  from  experiment.  For  the  substances  contained  in  the  alimentary 
canal,  and  in  contact  with  that  i-eflexion  of  the  external  integument  which 
constitutes  its  lining  membrane,  are  really  as  much  external  to  the  living 
body,  as  if  they  were  placed  in  contact  with  the  skin ;  we  cannot  regard 
them  as  introduced  into  it,  until  they  have  been  absorbed;  and  up 
to  that  period,  they  hold  precisely  the  same  relation  to  the  absorbent 
vessels,  as  the  fluid  diffused  through  the  soil  bears  to  the  roots  of  Plants 
ramifying  upon  the  surface  of  that  Earth,  which  has  been  expressively 
said  to  be  their  '  common  stomach.'  All  the  expeiiments  which  have  been 
performed  upon  artificial  digestion,  have  precisely  the  same  bearing;  since 
it  appears  from  them,  that  if  the  food  be  subjected  to  the  action  of  the 
same  solvent  fluids,  with  the  same  assistance  from  heat  and  from  mecha- 
nical movement,  the  result  is  the  same  out  o/'the  stomach  as  in  it. 

123.  The  particular  articles  which  constitute  the  food  of  the  different 
races  of  Animals,  are  as  various  as  the  races  themselves.  Some  appear 
to  draw  their  nutriment  from  the  Inorganic  world ;  but  this  is  not  the 
case  in  reality.  Thus  the  Spatangus  and  Arenicola  fill  their  stomachs 
with  sand,  but  reaUy  derive  their  nutriment  from  the  minute  animals 
which  it  contains.  The  Earth-worm  and  some  kinds  of  Beetles  are  known 
to  swallow  earth ;  but  they  only  derive  from  it  the  particles  of  organic 
matter  which  it  includes,  and  reject  the  rest.* 

124.  Some  tribes  in  almost  every  division  of  this  kingdom  are  main- 
takied  solely  by  Tegetable  food;  and  wherever  Plants  exist,  we  find 
Animals  adapted  to  make  use  of  the  nutritious  products  which  they 
furnish,  and  to  restrain  their  luxuriance  within  due  limits.  Thus,  the 
Du^ong  browses  upon  the  submarine  herbage  of  the  tropics ;  whilst  the 
Hippopotamus  roots  up  with  his  tusks  the  plants  growing  in  the  beds  of 
the  African  rivers;  the  Girafie  is  enabled  by  his  enormous  height  to 
feed  upon  the  tender  shoots  which  are  above  the  reach  of  ordinary 
quadrupeds ;  the  Rein-deer  subsists  during  a  large  part  of  the  year  upon 
a  lichen  buried  beneath  the  snow;  and  the  Chamois  finds  a  sufficient 
supply  in  the  scanty  vegetation  of  Alpine  heights.  Many  species  of 
Animals,  especially  among  the  Insect  tribes,  are  restricted  to  particular 
Plants ;  and,  if  these  fail,  the  race  may  for  a  time  disappear.  But  there  is 
probably  not  a  species  of  Plants,  which  does  not  furnish  nutriment  for  one 
or  more  tribes  of  Insects,  either  in  their  larva  state  or  theii^  perfect  concU- 
tion  by  which  it  is  prevented  from  multiplying  to  the  exclusion  of  others. 
Thus  on  the  Oak  not  less  than  two  hundi-ed  kinds  of  CaterpiUai-s  have 
been 'estimated  to  feed;  and  the  Nettle,  which  scarcely  any  beast  will 

*  A  mon"  the  human  race,  some  savage  nations  are  in  the  habit  of  introducing  large 
quantities  of  earthy  master  with  theii-  food;  and  this  sometimes  through  ignorant  preju- 
£  but  more  frequently  to  give  bulkiness  to  the  aUment,  so  that  the  stomach  may  be 
Sstended,-as  among  the  Kamschatdales,  who  mix  saw-dust  or  earth  with  their  tram-od 
S  has  been  until  recently  supposed  that  the  siliceous  earth,  which  has  been  employed  in 
Lapland  in  tiines  of  scarcity   mixed. with  flour- and  the  bark 

this  purpose;  but  recent  microscop  e  examination  has  ^  a  ! 

ex^MvL  of  Infusoria,  and  contains  a  large  portion  of  animal  matter.  If  the  latter  b«  dis 
sipated  by  incineration,  the  earth  loses  about  20  per  cent,  of  its  weight. 
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touch,  suppoi-ts  fifty  different  species  of  Insects,  but  for  which  check  it 
would  soon  anniliilate  all  the  plants  in  its  neighbourhood. — The  habits 
and  economy  of  the  different  races  existing  on  the  same  plant,  are  as 
various  as  their  stracture.  Some  feed  only  upon  the  outside  of  the  leaves ; 
some  upon  the  internal  tissue;  others  upon  the  flower  or  on  the  fruit;  a 
few  will  eat  nothing  but  the  bark;  while  many  derive  their  nourishment 
only  from  the  woody  substance  of  the  trunk. — It  is  very  curious  to 
obsei-ve,  that  many  plants  injurious  to  Man  afford  wholesome  nutriment 
to  other  animals;  thus.  Henbane,  ISTightshade,  Water-hemlock,  and  other 
species  of  a  highly  poisonous  character,  are  eaten  greedily  by  different 
races  of  quadrupeds.  Some  cattle,  again,  wUl  reject  particular  plants 
upon  which  others  feed  with  impunity. 

125.  Every  class  of  the  Animal  kingdom  has  its  Carnivorous  tribes, 
also,  adapted  to  restrain  the  too  rapid  increase  of  the  vegetable-feeders, 
by  which  a  scarcity  of  their  food  would  soon  be  created, — or  to  remove 
from  the  earth  the  decomposing  bodies,  which  might  otherwise  be  a 
source  of  disease  or  annoyance.  The  necessity  of  this  limitation  becomes 
evident,  if  we  consider  the  rapid  multiplication  which  the  prolific  ten- 
dency of  the  Herbivorous  races  wo;d.d  speedily  create,  until  checked  by 
the  famine  that  woidd  necessarily  result  from  their  inordinate  increase. 
Thus,  the  myiiads  of  Insects  which  find  thefr  subsistence  on  our  forest 
trees,  if  allowed  to  multiply  without  restraint,  would  soon  destroy  the 
life  that  supports  them,  and  must  then  all  perish  together;  but  another 
tribe  (that  of  the  insectivorous  Birds,  as  the  Woodj)ecker),  is  adapted  to 
derive  its  subsistence  from  them,  and  thus  to  keep  within  salutary  bounds 
the  number  of  these  voracious  little  beings.  Sometimes,  however,  they 
increase  to  an  enormous  extent.  The  pine-forests  of  the  Hartz  moun- 
tains have  been  several  times  almost  destroyed  by  the  ravages  of  a  single 
species  of  Beetle,  the  Bostrichus  typographus,  which  is  less  than  a  quarter 
of  an  inch  in  leng-th ;  the  eggs  being  deposited  beneath  the  bark;  and 
the  larvae,  when  hatched,  devoining  the  alburnum  and  inner  bark  in  their 
neighbourhood.  It  was  estimated  that,  in  the  year  1783,  a  million  and 
a  half  of  pine-trees  were  destroyed  by  this  insect  in  the  Hartz  alone; 
and  other  forests  in  Germany  were  suffering  at  the  same  time.  The 
wonder  is  increased  when  it  is  stated,  that  80,000  larv£e.  are  sometimes 
found  on  a  single  tree.  Their  multiplication  is  aided  by  their  tenacity 
of  bfe;  for  it  is  foimd  that,  even  if  the  trees  infested  by  these  larvjB  be 
cut  down,  floated  in  water,  kept  for  a  length  of  time  immersed  either  in 
water  or  snow,  or  even  placed  upon  ice,  the  gi'ubs  remain  alive  and  unhiu-t. 
In  the  pupa  state,  however,  they  are  more  susceptible;  and  vast  numbers 
pensh  in  this  condition  from  the  influence  of  unfavourable  seasons 
which  operate  as  the  piincipal  check  to  their  multiplication.— A  veiy 
curious  instance  of  the  nature  of  the  checks  and  counter-checks,  by 
winch  the  'balance  of  power'  is  maintained  amongst  the  different  races 
'tvt"'?''*!"''^!  ^1  '^^'^k^'  a  Swedish  naturalist.  A  pari^icular  species  of 
Moth,  the  1  Imlcena  slroUlella,  has  the  fii--cone  assigned  to  it  for  the  depo- 
sition of  its  eggs;  the  young  caterpillars,  coming  out  of  the  shell  con- 
sume the  cone  and  superfluous  seed;  but,  lest  the  destruction  shoidd  be 
too  great,  the  Ichnewrmn  stroUklla  lays  its  eggs  in  the  caterpillar  insert- 
ing Its  long  tail  m  the  openings  of  the  cone  until  it  touches  the  included 
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insect,  for  its  body  is  too  large  to  enter.    Thus  it  fixes  upon  the  cater- 
pillar its  mimite  egg,  which  when  hatched  destroys  it.* 

126.  The  Alimentary  value  of  the  various  substances  used  as  food  by 
the  several  races  of  Animals,  is  not  so  difierent  as,  from  the  diversity  of 
the  soui'ces  whence  it  is  drawn,  we  might  be  led  to  suppose.  It  depends, 
in  the  first  place,  upon  the  quantity  of  solid  matter  they  respectively 
contain ;  being  of  course  the  greater,  as  the  solids  form  the  larger  pro- 
portion of  the  entire  weight.  Many  esculent  vegetables  contain  so  large 
a  quantity  of  water,  that  the  nutriment  they  afford  is  veiy  slight  in  pro- 
portion to  their  bulk. — Next,  it  depends  upon  the  proportion  of  digestible 
matter  which  the  solid  parts  include ;  for  it  is  not  every  substance 
containing  the  requisite  ingredients,  that  is  capable  of  being  reduced  to 
a  state  which  enables  it  to  be  absorbed.  Thus,  woody-fibre  is  composed 
of  the  same  elements  as  starch-gum;  but  it  passes  out  of  the  intestinal 
canal  of  the  higher  animals  unchanged,  and  therefore  afibrds  them  no 
nutriment ;  yet  there  are  many  tribes  of  Insects,  which  seem  to  draw 
their  supply  of  nutriment  exclusively  from  wood,  and  this  even  in  its 
driest  condition.  So,  again,  the  homy  tissues  of  animals,  though  nearly 
allied  to  albumen  in  their  composition,  are  completely  destitute  of  nutri- 
tive value  to  Man  and  the  higher  animals,  because  not  capable  of  being 
reduced  by  their  digestive  process;  though  certain  Insects  appear  capable 
of  living  exclusively  upon  them. — But  when  the  watery  and  indigestible 
parts  of  the  food  are  put  out  of  consideration,  and  our  attention  is 
directed  only  to  the  soluble  solids,  we  find  most  important  relations  in 
the  chemical  composition  of  the  several  alimentary  materials,  whether 
furnished  by  the  Animal  or  the  Vegetable  kingdom,  which  render  them 
more  or  less  appropriate  to  the  difierent  purposes  that  have  to  be 
answered  in  the  nutrition  of  the  body.  It  is  the  remarkable  attribute 
of  Vegetables,  that  they  are  enabled  to  combine  the  elements  furnished 
by  the  Inorganic  world  into  two  classes  of  compounds;  the  ternary,  con- 
sisting- of  oxygen,  hydrogen,  and  carbon ;  and  the  quaternary,  which  con- 
sist of  these  elements,  with  the  addition  of  azote  or  nitrogen.  These 
two  classes  are  hence  termed  the  non-azotized,  and  the  azotized. 

127.  Now  the  azotized  compounds  which  are  formed  by  Plants,  are 
essentiaUy  the  same  with  those  Albuminous  substances  which  are  fur- 

•  nished  by  the  flesh  and  by  the  nutritious  fluids  of  Animals;  and  are 
equaUy  adapted  with  the  latter  for  the  reparation  of  the  waste  of  the 
muscular  tissue,  and  for  the  general  mitrition  of  the  body.  The 
■quantity  of  these,  however,  wHch  Plants  yield,  is  usually  small  ui  pro- 
portion to  that  of  the  non-azotized;  being  considerable  only  m  the  Ooru- 
erains  and  in  the  seeds  of  Leguminous  plants,  which  the  universal 
experience  of  ages  has  demonstrated  to  be  the  most  nutritious  of  Vege- 
table substances.  But,  unless  the  food  contain  a  sufficient  proportion  of 
these  compounds,  the  body  must  be  insufficiently  nourished,  and  the 
strength  must  diminish,  even  though  other  elements  of  the  food  be  m 
superabundance;  and  consequently  if  the  food  be  of  a  kind  which  con- 

*  The  Chapters  on  the  'Economy  of  Nutritive  Matter'  in  Dr.  Roget's  "Bridgewater 
TreatiL''  and  on  the  'Equilibrium  of  Species'  in  Sir  C.  Lyell's  ' '  P^-^^f^^f  ^^^^efj' . 
maTr^efemd-to  for  a  more  extended  view  of  tins  interesting  subject,  than  the  bm.ts  of 
the  present  work  permit. 
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taius  but  a  small  proportion  of  albuminous  matter,  a  very  large  amount 
of  it  must  be  ingested,  to  afford  the  requisite  supply  of  tbe  essential 
inoi-edients.  We  see  a  provision  for  this  requirement,  in  the  capacity  of 
the  alimentaiy  canal  of  Vegetable-feeding  animals;  which  is  almost 
invariably  far  greater  than  that  of  the  Carnivorous  members  of  the  same 

gi-oups.  There  is  another  azotized  compound,  Gelatine,  that  is  furnished 

by  Animals,  to  which  nothing  analogous  exists  in  Plants;  this  cannot 
sustain  life  by  itself,  and  is  not  an  essential  article  of  food;  and  there  is, 
in  fact,  much  doubt  whether  it  can  be  applied  to  the  nutrition  or  repa- 
ration of  any  of  the  tissues  of  the  body.  There  is  ample  evidence  tha,t 
it  camiot  be  transformed  into  an  albuminous  compound,  so  as  to  be  appli- 
cable to  the  nutrition  of  the  muscular  and  other  albuminous  tissues. 
And  although  the  Fibrous  substance  which  constitutes  the  animal  basis 
of  bone,  as  well  as  the  greater  part  of  tendons,  ligaments,  skin,  mucous 
and  serous  membranes,  areolar  tissue,  &c.  &c.,  has  the  same  composition 
as  Gelatine,  and  might  therefore  be  presumed  to  be  nourished  by  it  when 
it  is  employed  as  food,  yet  there  is  adequate  evidence  that  even  these 
tissues  are  generated  in  the  living  body  at  the  expense  of  the  albuminous 
constituents  of  the  blood;  and  that,  whenever  gelatine  is  introduced 
into  the  circiilating  current,  it  is  speedily  decomposed  and  excreted, 
serving  only  (like  the  non-azotized  compounds)  to  assist  in  maintaining 
the  heat  of  the  body. 

128.  The  non-azotized  compounds  supplied  by  Plants,  exist  under 
various  forms ;  of  which  the  principal  are  starch,  sugar,  and  oil.  The 
two  former  may  be  regarded  as  belonging  to  one  class,  the  Saccharine  or 
Farinaceous ;  Ibecause  we  know  that  starch,  and  the  substances  allied  to 
it  (such  as  cellulose,  which  is  the  principal  constituent  of  the  vegetable 
tissues),  may  be  converted  into  sugar  by  simple  chemical  processes,  and 
that  this  transformation  takes  place  readily  both  in  the  Vegetable  and  in 
the  Animal  economy.  On  the  other  hand,  the  Oily  matters  are  tisually 
ranked  as  a  distinct  group  of  alimentary  substances ;  and  it  has  been 
maintained  that,  under  no  circumstances,  has  the  Animal  the  power  of 
elaborating  fatty  matter  from  starchy  or  saccharine  compounds.  But 
this  is  now  known  to  be  an  imfounded  limitation ;  since  the  transformation 
of  a  saccharine  iato  a  fatty  compound  takes  place  in  the  case  of  Bees, 
which  form  wax  when  fed  upon  pure  sugar ;  and  it  may  be  effected  also 
in  the  laboratoiy  of  the  Chemist,  butyric  acid  (the  characteristic  fatty 
acid  of  biitter)  being  one  of  the  products  of  the  '  lactic  fermentation'  of 
sugar,  excited  by  Animal  substances. — Thus,  then,  whether  derived  from 
Vegetable  or  from  Animal  bodies,  the  non-azotized  substances  available 
as  _  food  are  essentially  the  same.  The  former  kingdom  supplies  them 
chiefly  in  the  saccharine  or  farinaceous  form,  the  latter  chiefly  in  the 
oleaginous;  but  a  considerable  quantity  of  oil  is  furnished  by  certain 
Plants;  and  there  are  Animals  which  have  the  power  of  generating  cel- 
lulose, like  plants,  and  which  store  it  up  in  their  oAvn  bodies.  The  only 
Animal  tissue  to  which  the  non-azotized  compounds  apparently  serve  as 
the  appropriate  pabulmn,  is  the  Adipose  or  fatty :  there  is  reason  to 
believe,  however,  that  oleaginous  matter  performs  a  most  important  part 
in  the  incipient  stages  of  Animal  nutrition;  and  that  its  presence  is  not 
less  essential  to  the  formation  of  cells,  than  is  that  of  the  albuminous 
matter  wliich  forms  their  chief  component.    If  such  be  the  case,  it  is  not 
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sui-prismg  that  oil  in  Homo  form,  or  substances  capable  of  conversion  into 
it,  should  be  such  universal  constituents  of  the  food  of  Animals. 

129.  Besides  sei-ving  these  purposes,  however,  the  non-azotized  com- 
pounds have  a  most  important  use  in  warm-blooded  Animals ;  that  of 
supporting  the  respiratory  process,  and  thus  maintaining  the  tempera- 
ture of  the  body.  In  the  compounds  of  the  Saccharine  group  (in  which 
Starch  is  included),  the  amount  of  oxygen  is  no  more  than  sufficient  to 
form  water  with  the  hydrogen  of  the  substance;  so  that  the  carbon  is 
free  to  combine  with  the  oxygen  introduced  by  the  lungs,  and  thus  becomes 
a  source  of  calorifying  power.  In  the  Oili/  matters  employed  as  food,  the 
proportion  of  oxygen  is  far  smaller;  so  that  they  contain  a  large  quantity 
of  surplus  hydrogen,  as  well  as  of  carbon,  ready  to  be  bumed-off  in  the 
system,  and  thus  to  supply  the  heat  required.  The  extraordinary  power 
of  oleaginous  substances  to  impart  heat  to  the  system  by  the  comlmstive 
process,  is  indicated  by  the  expeiience  of  the  Human  inhabitants  of 
fiigid  zones,  who  feed  upon  whales,  seals,  and  other  animals  loaded  Avith 
fat,  and  who  devour  this  fat  with  avidity,  as  if  instinctively  guided  to 
its  use.  It  is  through  the  enormous  quantity  of  this  substance  taken-in  by 
them,  that  they  are  enabled  to  pass  a  large  part  of  the  year  in  a  tempe- 
rature below  that  of  our  coldest  winter,  spending  a  great  portion  of  their 
time  in  the  open  air;  as  well  as  to  svistain  the  extremes  of  cold,  to  which 
they  are  occasionally  subjected.  And  in  consequence  of  its  being  moi'e 
slowly  introduced  into  the  system  than  most  other  substances,  a  larger 
quantity  may  be  ingested  at  one  time,  without  palling  the  appetite; 
whilst  its  bland  and  non-irritating  character  favours  its  being  retained 
vintil  it  is  all  absorbed.  In  this  manner,  the  Esquimaux  and  G-reen- 
landers  are  enabled  to  consume  20  or  30  pounds  of  blubber  at  a  meal ; 
and,  when  thus  supplied,  can  pass  several  days  without  food. — On  the 
other  hand,  among  the  inhabitants  of  warm  climates,  there  is  compara- 
tively little  disposition  to  the  use  of  oUy  matter  as  food;  and  the  quantity 
of  it  contained  in  most  articles  of  their  diet  is  comparatively  small. 

130,  The  greatest  economy  in  the  use  of  Aliment  is  therefore  exer- 
cised, when  the  diet  contains  a  sufficient  proportion  of  albimiinous  sub- 
stances to  repair  the  '  waste'  of  the  albuminous  and  gelatinous  tissues ; 
and  a  sufficient  amount  of  non-azotized  compounds,  to  develope  (with  the 
aid  of  other  processes)  the  requisite  amount  of  heat  by  combination  with 
oxygen.  Now  in  the  Mi\k,  which  is  the  sole  nutriment  of  yoimg  Mam- 
malia du^ring  the  period  immediately  succeeding  their  birth,  we  usually 
find  an  admixture  of  albiiminous,  sacchariue,  and  oleaginous  substances ; 
which  seems  to  indicate  the  intention  of  the  Creator,  that  all  these  shoidd 
be  employed  as  components  of  the  ordinary  diet.  The  Caseiae,  or  cheesy 
matter,  is  an  albuminous  compoimd ;  the  Butyrine  of  butter  is  but  a 
slight  modification  of  the  ordinaiy  fats ;  and  the  Sugar  difiors  from  that 
in  common  use,  only  by  its  larger  proportion  of  water.  The  relative 
amovint  of  these  ingredients  in  the  milk  of  different  animals,  is  subject, 
as  we  shall  hereafter  see,  to  considerable  variation ;  but  they  are  con- 
stantly present  in  the  nulk  of  the  Herbivorous  Mammalia,  and  of  those 
which,  like  Man,  subsist  xapon  a  mixed  diet.  It  has  been  recently  foimd,^ 
however,  that  the  milk  of  the  pui-ely  Carnivorous  animals  is  destitute  of 
Sugar,  consisting,  like  their  food,  of  albuminous  compounds  and  fatty 
matter  only;  though  even  thm'  milk  is  foxmd  to  contain  sugar,  when 
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saccliaiine  or  favinaceoiis  compounds  have  formed  part  of  their  diet.— No 
fact  ill  Dietetics  is  better  established,  than  the  unpossibiHty  of  long  sus- 
taining health,  or  even  life,  upon  any  single  alimentary  prmciple.  Neither 
pure  albumen  or  fibrine,  gelatine  or  gum,  sugar  or  starch,  oil  or  fat,  taken 
alone  for  any  length  of  time,  can  sei-ve  for  the  due  nutrition  of  the  body. 
This  is  partly  due,  so  far  as  the  non-azotized  compounds  are  concerned, 
to  their  incapability  of  supplying  the  waste  of  the  albuminous  tissues. 
But  this  reason  does  not  apply  to  the  albuminous  compounds;  which  can 
not  only  sei-ve  for  the  reparation  of  the  body,  but  can  also  afford  the 
carbon  and  hydrogen  requisite  for  the  sustenance  of  its  temperature. 
The  real  cause  is  to  be  found  (partly  at  least)  in  the  fact,  that  the  con- 
tinued use  of  single  alimentary  substances  excites  such  a  feeling  oi 
disgust,  that  the  animals  experimented-on  seem  at  last  to  prefer  the 
endurance  of  starvation,  to  the  ingestion  of  them.  Consequently  it  is 
quite  impossible  to  ascertain,  by  such  experiments,  the  nutritive  power 
of  the  different  alimentary  principles;  no  animal  being  capable  of  sus- 
taining life  upon  less  than  two  of  them.  The  same  disgust  is  expe- 
rienced by  Man,  when  too  long  confined  to  any  article  of  diet  which  is 
veiy  simple  in  its  composition ;  and  a  cravhig  for  change  is  then  expe- 
rienced, which  the  strongest  will  is  scarcely  able  to  resist.  The  natural 
combinations  in  which  the  alimentary  substances  present  themselves, 
appear  to  be  those  which  are  best  adapted  for  the  healthful  nutrition  of 
the  animal  body. 

131.  The  Organic  Compounds,  which  have  been  enumerated  as  supply- 
ing the  various  wants  of  the  system,  would  be  totally  useless  without  the 
admixture  of  certain  Inorganic  substances,  which  also  form  a  constituent 
part  of  the  botlily  frame,  and  which  are  constantly  being  voided  in  the 
excretions,  especially  in  the  ui-ine.  These  substances  have  various  uses 
in  the  system.  Thus  common  Salt  (chloride  of  sodium)  appears  to  afford, 
by  its  decomposition,  the  hydrochloric  acid  which  is  concerned  in  the  diges- 
tive process,  and  the  soda  which  is  an  important  constituent  of  the  bile. 
Its  presence  in  the  serum  of  the  blood,  also,  and  in  the  various  animal 
fluids  which  are  derived  from  this,  aids  in  keeping  in  solution  the  organic 
constituents  of  these  fluids,  and  in  preventing  their  decomposition. — The 
Ca/)'bonates  and  Basic  Phosphates  of  Potass  and  Soda  are  most  important  con- 
stituents of  the  blood ;  and  potass  is  also  an  essential  comjDonent  of  muscular 
tissue. — Phosphorus  seems  to  be  chiefly  requisite  as  one  of  the  materials  of 
the  nervous  tissu.e ;  and  also,  when  acidified  by  oxygen  and  united  with 
lime,  forms  the  bone-earth  by  which  bone  is  consolidated. — Sulphwr  exists 
in  small  quantities  in  several  animal  tissues ;  but  its  part  appears  to  be 
by  no  means  so  important  as  that  performed  by  phosphoims. — Iron  is  an 
essential  constituent  of  hsematine;  and  is  consequently  required  for  the 
production  of  the  red  corpuscles  of  the  blood  in  Yertebrated  animals. — 
Lime  is  required  for  the  consolidation  of  the  bones  of  Vertebrata,  and  for 
the  shells  and  other  hard  parts  that  form  the  skeletons  of  the  Inverte- 
brata;  and  it  exists  in  the  animal  body  in  combmation  either  witli 
carbonic  or  with  phosphoric  acid.  The  Carbonate  would  seem  principally 
destined  to  mechanical  uses  only ;  and  we  find  it  pi-edominating,  or  exist- 
ing as  the  sole  mineral  ingredient,  in  those  non-vascular  tissues  of  the 
Invertebrated  animals,  which  give  support  and  protection  to  their  soft 
parts.  The  amount  of  production  of  these  tissues  depends  in  great 
part  upon  the  supply  of  carl)ouatc  of  lime  wliich  the  animals  i-eceive. 
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Thus  the  Mollusca  which  inhabit  the  sea,  find  in  its  watei-s  the  propor- 
tion of  that  substance  which  they  requii-e;  but  those  whiclx  dwell  in 
streams  and  fresh- water  lakes  that  contain  but  a  small  quantity  of  lime, 
form  very  thin  shells;  whilst  the  very  same  species  inhabiting  lakes, 
which,  from  peculiar  local  causes,  contain  a  large  impregnation  of  calca- 
reous matter,  form  shells  of  remarkable  thickness.  The  Cnistacea,  which 
periodically  throw  off  their  calcareous  envelope,  are  enabled  to  renew  it 
with  rapidity,  by  the  appropriation  of  a  store  of  material  previously  laid- 
up  in  the  coats  of  the  stomach.  The  large  amount  of  carbonate  of  lime 
which  is  required  by  the  laying  Hen,  is  deiived  from  chalk,  moriar,  or 
other  substances  containing  it,  which  she  is  impelled  by  her  instinct  to 
eat ;  and  if  the  supply  of  these  be  withheld,  the  eggs  wliich  she  deposits 
are  soft  on  theii-  exterior,  having  the  fibrous  element  of  the  shell  uncon- 
solidated by  any  intervening  deposit  of  calcareous  particles. 

132.  These  substances  are  contained,  more  or  less  abundantly,  in  most 
of  the  articles  generally  used  as  food;  and  where  they  are  deficient,  the 
animal  suffers  in  consequence,  if  they  be  not  supplied  in  any  other  way. 
— Common  Scdt  exists,  in  no  inconsiderable  amount,  in  the  flesh  and 
fluids  of  animals,  in  milk,  and  in  the  substance  of  the  egg;  it  is  not 
so  abundant,  however,  in  Plants ;  and  the  deficiency  is  usually  supplied 
to  herbivorous  animals  from  extraneous  sources.  Thus,  salt  is  pxu-posely 
mingled  with  the  food  of  domesticated  animals ;  and  in  most  parts  of  the 
world  inhabited  by  wild  cattle,  there  are  spots  (such  as  the  "  buffalo-licks" 
of  North  America)  where  it  exists  in  the  soil,  and  to  which  they  resort 
to  obtain  it. — The  Alkaline  Bases  are  supplied  both  by  Vegetable  and  by 
Animal  food;  what  is  drawn  from  the  former,  however,  is  usually  com- 
bined with  some  organic  acid,  which  is  decomposed  within  the  animal 
body;  where  also  is  generated,  by  the  oxidation  of  phosphorus,  the  phos- 
phoric acid  that  is  found  in  combination  with  them. — Plwsplwrus  exists 
also,  in  combination  with  albuminous  compounds,  in  all  animal  substances 
composed  of  these ;  and  in  the  state  of  phosphate,  combined  with  lime, 
magnesia,  and  soda,  in  many  substances,  both  vegetable  and  animal, 
ordinarily  used  as  food. — Sulphv/r  is  found  in  union  with  albuminous 
compounds,  in  flesh,  eggs,  and  mUk;  also  in  several  vegetable  sub- 
stances; and,  in  the  form  of  sulphate  of  lime,  in  most  of  the  river 
and  spring  water  used  as  drink. — lo'on,  also,  is  veiy  generally  dif- 
fused, in  small  quantity,  through  the  tissues  of  plants;  but  it  exists  in 
much  larger  proportion  in  the  flesh,  and  more  particularly  in  the  blood, 
of  animals ;  and  it  appears  from  comparative  analyses  of  the  blood  of 
Carnivorous  and  Herbivorous  Mammals,  that  the  proportion  of  red  cor- 
puscles, and  consequently  of  iron,  is  greatest  in  the  former;  which  cii-- 
cumstance  seems  partly  attributable  to  the  nature  of  their  diet. — Livie  is 
one  of  the  most  universally  diffused  of  all  mineral  bodies;  for  there  are 
very  few  Animal  or  Vegetable  substances,  in  which  it  does  not  exist. 
The  principal  forms  in  which  it  is  an  element  of  Animal  nutrition,  are 
the  carbonate  and  phosphate.  Both  these  are  found  in  the  ashes  of  the 
grasses,  and  of  other  plants  used  as  food ;  the  phosphate  of  lime  being 
particularly  abundant  in  the  corn-grains.  Phosphate  of  lime  unites  readily 
with  albumen,  caseine,  &c. ;  and  a  large  quantity  of  it  is  contained  in  the 
mUk  of  the  Mammal,  and  in  the  egg  of  the  Bii-d. 

133.  The  dependence  of  Animal  life  upon  a  constant  supply  of  aliment. 
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is  more  close  in  some  cases  than  in  others.    As  a  general  rule  it  is  the 
most  immecUate,  when  the  vital  processes,  particularly  those  of  Nutrition, 
are  l^g  -ost  actively  performed.    Thus,  we  find  that  young  anunds 
are  never  able  to  bear  the  deprivation  of  food  to  the  same  extent  with 
older  ones  of  the  same  species;  and  that  the  warm-blooded  Yertebrata- 
viz.  Mammals  and  BircK-are  usually  less  capable  of  abstinence  than 
ReptUes  and  Fishes.    Even  of  the  first  of  these  classes,  however,  many 
species  ptiss  several  months  without  eating,  durmg  the  state  of  hyberna- 
tion: whilst  among  many  cold-blooded  animals,  the  penod  of  abstmence 
from  food  may  be  indefinitely  prolonged,  under  the  influence  of  those 
a-encies  which  keep  them  in  a  state  of  complete  torpidity  or  dormant 
vitaHty'.    (See  General  Physiology).— When  we  carry  our  enquiries 
further  however,  it  becomes  cUfficidt  to  give  any  general  explanation  ot  the 
varieties  which  we  meet-with  in  tlois  respect,  among  the  diflferent  species 
of  animals.    Thus,  it  has  been  observed  by  Flourens  and  Duges,  that 
the  Mole  peiishes,  when  in  a  state  of  confinement,  if  not  fed  every  day, 
or  even  more  than  once  a  day;  whilst  the  Dog  has  lived  without  food  for 
36  days,  the  Antelope  and  the  WM  Cat  for  20,  and  the  Eagle  for  five 
weeks.    It  is  in  Reptiles,  that  the  power  of  abstinence  appears  to  exist 
to  the  greatest  extent  among  Yertebrata.    Putting  aside  those  cases  in 
which  the  natural  period  of  torpidity  has  been  artificially  extended,  we 
find  numerous  instances  ia  which  these  beiags  have  performed  all  the 
functions  of  life  for  many  months  together,  without  the  ingestion  of  food ; 
Tortoises,  Lizards,  Serpents,  and  Batrachians  all  seeming  to  agree  in  this 
respect.    It  is  to  be  borne  ia  miad,  however,  that  a  large  supply  of  food 
is  frequently  ingested  at  once  by  these  animals ;  and,  that,  owing  to  the 
slowness  of  their  digestive  process,  the  introduction  of  the  aliment  into 
the  system  is  protracted  over  a  very  long  period, — as  is  seen,  for  example, 
in  the  case  of  the  Boa  constrictor,  which  occupies  a  month  in  the  diges- 
tion of  a  single  meal.    Little  is  known  regarding  the  powers  of  absti- 
nence possessed  by  Eish ;  but  it  has  been  stated  that  some  of  this  class, 
such  as  the  Perch,  naturally  take  food  but  once  a  fortnight,  t — It  is 
perhaps  among  the  Insect  tribes,  that  we  find  the  power  of  sustaiuing  a 
deprivation  of  aliment  the  most  remarkably  evidenced.    The  Scorpion 
has  been  known  to  endure  an  abstinence  of  three  months,  the  Spider  of 
twelve  months,  and  the  Scarahceus  beetle  of  three  years,  without  inconve- 
nience or  loss  of  activity ;  the  Melascmia,  also  one  of  the  beetle  tribe,  has 
lived  for  seven  months  pinh.ed-down  to  a  board.    We  notice  in  the  class 
of  Insects  a  very  striking  illustration  of  the  general  fact  already  stated, 
respecting  the  difference  between  the  old  and  the  young  animal  of  the 
same  species.    The  Larva  is  not  only  extremely  voracious,  but  is  usually 
incapable  of  sustaining  a  long  abstinence;  whilst  in  many  tribes  the 
Imago  never  eats,  but  dies  as  soon  as  its  share  in  the  propagation  of  the 
race  is  accomplished. — From  what  is  known  regarding  the  power  of 
abstinence  in  the  MoUusca,  it  may  be  stated  generally,  that  they  are 

*  "  Physiologic  Compar6e,"  torn.  ii.  p.  288. 

t  Gold-fish  have  been  known  to  live  and  thrive  in  small  vessels  of  water,  without  any 
perceptible  nutriment,  for  two  or  three  years.  But,  if  they  be  not  fed  in  any  other  way, 
it  is  requisite  that  the  water  they  inhabit  should  be  frequently  changed ;  and  the  minute 
quantity  of  organic  matter  which  it  holds  in  solution,  is  probably  the  source  of  their 
aliment. 
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not  capable  of  maintaining  tlieii-  activity  if  not  frequently  supplied  with 
loocl,  ui  tluH  resi)ect  coi-responcliiig  with  tlic  larva)  of  Insects:  but  that, 
when  rotluced  to  a  state  of  toi-pidity,  whether  by  cold  or  by  the  depriva- 
tion ot  lood,  they  may  sustain  life  without  any  aliment  for  a  very  pro- 
tx-acted  period.  '■ 

134.  Some  have  attempted  to  show  that  Herbivorous  animals  are  more 
tlependent  upon  a  constant  supply  of  food,  than  Carnivorous  species;  and 
that  domesticated  animals  less  easily  sustain  a  deprivation  of  it,  than  wild 
ones.  But  these  statements,  though  generally  true,  are  found  to  be  want- 
ing m  accuracy  when  applied  to  individual  cases.  It  would  probably  be 
more  correct  to  state,  that,  in  proportion  to  the  facility  with  which  each 
species  usually  obtains  its  food,  will  be  the  directness  of  its  dependence 
upon  this,  and  its  inability  to  sustain  a  protracted  abstinence.  In  accord- 
ance with  this  principle,  we  observe  that,  though  vegetable-feedei-s  have 
m  general  their  food  within  reach,  and  are  very  dependent  upon  its  con- 
stant supply,  some,  as  the  Camel,  are  enabled  to  sustaia  abstiaence  better 
than  many  Carnivorous  species;  and  that  some  carnivorous  animals,  bekig 
enabled  from  the  nature  of  their  food  to  obtain  it  with  little  diBficulty,  are 
comparatively  unable  to  bear  the  want  of  it.  On  the  same  piinciple  it  is 
evident  that  domestication  may  induce  a  change  in  the  character  of  the 
animal,  in  this  respect,  as  in  others,  by  causing  it  to  become  accustomed 
to  frequent  or  constant  supplies  of  food. — Alike  adaptation  maybe  found 
among  the  Larvae  of  Insects.  Those  wliich  feed  upon  vegetables  or  upon 
dead  animal  matter,  speedily  die  out  of  the  reach  of  their  aliment ;  whilst 
those  that  lie  in  wait  for  living  prey,  the  supply  of  which  is  uncertain, 
are  able  to  endure  a  protracted  abstiaence,  even  to  the  extent  of  ten 
weeks,  without  injury.* 

135.  The  general  facts  which  appear  to  have  been  substantiated,  in 
regard  to  the  mode  in  which  the  Animal  body  is  sustained  by  Food,  may 
be  thus  summed  up  : — 

I.  The  waste  of  the  tissues  of  which  Albmmn  or  Gelatine  is  the  basis, 
must  be  supplied  by  Albuminous  compounds,  whether  these  be  derived 
from  the  Animal  or  from  the  Vegetable  kingdom ;  the  amount  of  this 
'  waste,'  and  consequently  the  demand  for  albuminous  ahment,  dejDends 
essentially  upon  the  degree  of  vital  activity  which  has  been  put  forth,  and 
especially  upon  the  exercise  of  the  nervo-muscular  apparatus ;  and  there- 
fore, cceteris  2)aribus,  it  is  greater  in  cold-blooded  animals  in  proportion  to 
the  elevation  of  the  external  temperature. 

II.  The  materials  of  the  Adipose  tissue,  and  the  oleaginous  particles 
which  seem  requisite  iu  the  formative  operations  of  the  system  genei'ally, 
are  derived  in  the  Carnivorous  races,  fi'om  the  fatty  substances  which  the 
bodies  of  their  victims  may  contain ;  whilst  the  Herbivorous  not  only  find 
them  in  the  oleaginous  state  in  their  food,  but  have  the  power  of  producing 
them  by  the  conversion  of  farinaceous  and  saccharine  matters. 

III.  The  foregoing  statements  are  applicable  to  all  tribes  of  Animals, 
'  cold-blooded '  as  well  as  '  wai^m-blooded ;'  we  have  now  to  consider  the 
special  case  of  the  latter. — In  the  Carnivorotis  tribes  the  '  waste '  of  the 
tissues  is  so  great,  in  consequence  of  the  restless  acti^dty  wliich  is  habitual 
to  them,  that  it  appears  to  fiu-nish  a  large  proportion  of  the  combustible 


*  Lacordaii-e,  "Bntomologie,"  torn.  ii.  p.  152. 


STOMACHAL  CAVITIES  IN  PLAKTS,  1^1 

material  required  for  tlie  maiutenance  of  their  proper  temperature.  The 
xemSer^n^  by  the  fat  of  the  animals  upon  which  they  feed; 

^JTt  to  be  obseiied  that  the  amount  of  this  is  much  greater  in  the 
Sii  S  .ninLlf  S^^^^^  the  colder  regions  of  the  globe,  than  in  the 

IStlis  of  tropical  cWtes.-In  the  ^-^'---^^^^ 
cUfferent    They  are,  for  the  most  part,  much  less  active ;  and  the  waste 
of  S^^^^  takes  place  in  a  less  rapid  manner,  and  is  far 

W  supp  W  of  combustible  niaterial,  especiaUy  in 

omSS  Thek  heat  is  in  great  part  sustained  by  the  combustion  of 
t  "le  and  oleaginous  lements  of  their  food,  which  are  a^^o- 
priatedto  this  purpose  without  havmg  ever  formed  part  of  Jlie  Jiving 
"sues ;  aaid  the'demand  for  these  wiU  be  larger  m  P-l-rtio-  ^  ^^^^^^ 
pt-ession  of  the  external  temperature,  a  gi-eater  generation  of  caloric  being 
then  requii-ed  to  keep-up  the  heat  of  the  body  to  its  proper  standard 

IV  Hence  'cold-blooded'  animals  can  usuaUy  sustain  the  privation  ot 
food  longer  than  warm-blooded;  and  this  more  especially  when  they  are 
kept  cool,  so  that  they  are  made  to  Iwe  slowly;  and  death,  when  at  last  it 
does  ensue,  is  consequent  upon  the  general  deficiency  of  nutrition.  On  the 
other  hand,  'warm-blooded'  animals,  whose  temperature  is  uniformly 
high,  must  always  Uve  fast;  and  deprivation  of  food  is  fatal  to  them,  not 
oi5v  by  preventing  the  due  renovation  of  their  tissues,  but  also  by  de- 
stroying their  power  of  sustaining  their  heat.  The  duration  of  life  under 
these  circumstances  depends  upon  the  amount  of  fat  previously  stored-up 
in  the  body,  and  upon  the  retardation  of  its  expenditure  by  external 
warmth,  or  by  the  enclosure  of  the  body  in  non-conducting  substances; 
and  there  is  evidence  that,  if  this  be  duly  provided  for,  and  all  unneces- 
sary waste  by  nei-s^o-muscular  activity  be  prevented,  the  life  even  of  a 
warm-blooded  animal  may  sometimes  be  prolonged  for  many  weeks  with- 
out food. 

3.  Ingestion  and  Preparation  of  Aliment  in  Flcmts. 

136.  Although,  as  akeady  explained,  the  Vegetable  world  as  a  whole  is 
supported  by  the  introduction  of  the  alimentaiy  materials  derived  from 
the  Earth  and  Air  into  the  orga,nism,  without  any  preliminary  alteration, 
yet  there  are  particular  cases  in  which  adaptations  of  structure  are  met 
with,  that  appear  to  be  subservient  to  the  reception  and  preparation  of 
nutritive  materials ;  and  some  of  these  it  would  not  be  easy  to  exclude 
from  any  defixiition  we  might  frame  of  a  '  stomach.'  Concavities  in  dif- 
ferent parts  of  the  surface,  fitted  for  the  collection  of  the  moistiu^e  caught 
from  rain  or  condensed  fr^om  dew,  may  frequently  be  observed ;  and  these 
vaiy  in  the  complexity  of  their  sti-ucture,  fr-om  the  simijle  depressions  in 
the  leaves  of  the  Tillandsia  (wild  pine  of  the  tropics)  or  of  the  Dipsacus 
(teasel),  to  the  extraordinary  ascidia  of  the  '  Pitcher-plants.'  The  exact 
method  in  wliich  the  fluid  thus  obtained  is  applied  to  the  nutrition  of  the 
plant,  is  not  always  evident.*  Sometimes  the  channelled  leaves  seem  to 
convey  it  to  the  roots,  by  which  it  is  absorbed  in  the  usual  manner.  In 

*  It  is  difficult  to  ascertain  how  much  of  tlie  fluid  which  the  pitcher  of  the  Nepeniltes 
or  '  Cbineso  pitciier-plant'  contains,  is  collected  from  the  atmosphere  by  the  downy  haii-s 
that  line  its  interior,  and  how  much  is  secreted  by  the  plant  itself;  and  it  is  certain  tliat 
the  young  pitcher  contains  lluid  secreted  from  an  organ  witiiin  it,  before  its  lid  first  opens. 
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the  Dischidia  (Fig.  89),  on  the  other 


Fici.  89. 


hand,  the  fluid  collected  by  the 
pitchers  seems  destined  to  be  more 
directly  appropriated  by  the  plant, 
through  an  absorbmg  apparatus 
provided  for  that  jiurpose.  This 
curious  plant  grows  by  a  long 
creeping  stalk,  which  is  bare  of 
leaves  until  near  its  summit  j  and 
as,  in  a  dry  tropical  atmosphere, 
the  buds  at  the  top  would  have 
great  difficulty  in  obtaining  mois- 
ture through  the  stem,  a  sufficient 
supply  is  provided  by  the  pitchers, 
which  store  up  the  fluid  collected 
from  the  occasional  rains.  "  The 
cavity  of  the  bag,"  says  Dr.  Wal- 


lich,^ 


is  narrow,   and  always 


Pitchers  oi' IHschidia  Saffiesiana,  with  tufts  of  root- 
lets prolonged  from  neighbom-iug  branches ;  a,  pitcher 
cut  open,  to  show  the  ramification  of  the  rootlets  in 
its  mterior. 


contains  a  dense  tuft  of  radicles, 
which  are  produced  from  the  near- 
est part  of  the  branch,  or  even 
from  the  stalk  on  which  the  bag  is 
suspended,  and  which  enter  through 
the  inlet  by  one  or  two  common 
bundles.  The  bags  generally  contain  a  great  quantity  of  small  and  harmless 
black  ants,  most  of  which  find  a  watery  grave  in  the  turbid  fluid  which 
frequently  half-fills  the  cavity,  and  which  seems  to  be  entirely  derived 
from  without."  Thus  it  would  seem  as  if  the  failure  of  the  ordinary  means 
of  support  in  this  curious  Plant,  has  been  compensated  by  the  addition  of 
an  organ,  which  like  the  stomach  of  Animals,  serves  as  a  receptacle  for 
the  supplies  it  may  occasionally  obtain. — According  to  Mr.  Bumett,t  in 
the  pitcher  of  the  Sarracenia,  a  process  still  more  like  that  of  animal 
digestion  goes  on ;  for  it  appears  that  the  fluid  it  contains  is  very  attractive 
to  insects,  which,  having  reached  its  surface,  are  prevented  from  returning 
by  the  direction  of  the  long  bristles  that  line  the  cavity.    The  bodies  of 
those  which  are  drowned  seem,  in  decaying,  to  afibrd  a  supply  of  nutri- 
ment that  is  favoirrable  to  the  growth  of  the  plant ;  like  the  similar  process 
on  the  leaves  of  the  well-known  Dioncea  muscipula  (Venus'  fly  trap),  to  the 
health  of  which  a  supply  of  animal  food  appears  to  be  essential. — Although 
such  instances  as  these  may  seem  to  contradict  the  general  statement,  that 
Plants  derive  the  materials  of  their  nutrition  from  the  inorganic  world, 
yet  they  probably  do  so  more  in  appearance  than  in  reality.    In  all  cases 
where  previously  organised  matter  influences  their  growth,  it  seems  to  do 
so  only  whilst  in  a  decomposing  state,  during  which  it  is  separated  into  its 
ultimate  elements  or  into  veiy  simpile  combinations  of  them.    In  Animal 
digestion,  on  the  contrary,  the  proximate  principles  contained  in  the  food 
appear  to  be  immediately  subservient  to  the  formation  of  others  of  a 
higher  order;  and  whatever  tendency  to  disunion  their  elements  might 
have  previously  manifested,  this  is  immediately  checked  by  the  antiseptic 
qualities  of  the  gastric  fluid. 

*  "  Plantas  Asiaticre  Rariores,"  vol.  ii.  j).  35. 
+  "JJraude's  Quarterly  Joimial  of  Soieuco,"  vol.  vi. 
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4.  Ingestion  and  Preparation  of  Aliment  in  Animals. 

137.  In  considering  the  various  organs  -wliich  Animals  possess  for  the 
ingestion  and  c^igestion  of  their  food,  it  is  right  to  take  notice,  in  the 
first  instance,  of  those  cases  in  which  there  appears  to  be  an  absence  of 
that  i)rovision  for  its  reception,  which  is  on  the  whole  so  characteristic 
-of  the  beings  included  within  the  limits  of  this  kingdom. — There  are 
several  examples,  even  amongst  animals  of  high  organisation,  in  which, 
during  the  last  stage  of  their  evolution,  there  is  an  entire  absence  of  any 
power  of  receiving  nourishment  into  the  system.  These  are  principally 
met-with  in  the  class  of  Insects;  among  which  there  ai-e  many  that  take 
no  food  in  their  perfect  or  Imago  state,  the  duration  of  this  being  very 
shoi't,  and  serving  merely  for  the  performance  of  the  reproductive  act. 
In  some  of  these  cases,  the  mouth  appears  to  be  actually  closed,  although 
the  digestive  apparatus  remains,  but  in  an  atrophied  condition :  in 
all,  however,  the  appropriation  of  food  has  been  actively  performed  during 
a  previous  stage  of  the  animal's  existence.  But  an  animal  has  been 
recently  discovered,  which  takes-in  no  nutriment,  from  the  time  of 
its  quitting  the  egg,  until  its  death,  and  which  does  not  possess  either 
oral  orifice  or  digestive  cavity ;  this  is  the  male  of  the  curious  Notom- 
mala  described  by  Mr.  Dalrymple,*  which,  being  entirely  incapable  of 
deriving  support  from  the  nutriment  upon  which  the  female  subsists,  has 
no  apparent  means  of  increase  or  maintenance,  after  it  has  exhausted  the 
store  prepared  for  it  in  the  egg ;  and  it  is  probable  that  the  duration  of 
its  Hfe  is  extremely  Limited,  and  that  it  ceases  to  exist  soon  after  it  has 
performed  its  part  in  the  reproductive  function. — Such  instances  are 
not  reaUy  so  exceptional  as  they  at  first  sight  appear ;  we  have  now 
to  consider  those  cases,  in  which  the  growth  and  development  of  beings 
included  in  the  Animal  kingdom  take  place  at  the  expense  of  aliment 
appropriated  by  themselves;  and  in  which  there  is,  nevertheless,  no 
semblance  of  a  digestive  cavity  for  its  reception. 

138.  Agastric  Animals. — The  only  Animals  which  can  be  properly 
said  to  be  nourished  by  imbibition  solely,  without  some  previous  opera- 
tion of  a  digestive  character,  are  the  Cestoid  Entozoa  (Tapeworm,  &c.); 
which,  according  to  the  most  recent  and  accurate  researches,  are  not  only 
unpossessed  of  a  mouth,  but  also  of  anything  equivalent  to  a  gastric 
cavity  or  intestinal  tube.t  These  creatures  are  supported  by  the  juices 
of  the  animals  which  they  infest ;  and  as  the  softness  of  their  bodies  fits 
them  to  imbibe  these  through  their  whole  external  surface,  no  more 
special  organization  appears  to  be  necessary.  The  transition  from  these 
to  the  unicellular  Protozoa  is  made  by  the  curious  Gregarina,^  the 
simplest  Entozoon  known;  being  a  single  cell,  usually  more  or  less  ovate 
m  foi-m,  sometimes  considerably  elongated,  with  a  beak  or  proboscis  (often 
iurnished  with  a  circular  row  of  booklets)  projecting  from  one  extremity. 

139.  Umcellulm  ^mmafe.— The  condition  of  those  simple  Protozoa  in 
which  every  cell  is  an  independent  '  zooid,'  in  regard  to  their  mode  of 
receiving  and  appropriating  food,  is  so  peculiar  as  to  require  special 
notice.    Although  they  are  destitute  of  any  proper  digestive  cavity  for 

*  "  Philosophical  Transactions,"  1849,  p  331 

t  See  Van  Beneden's  Memoir  "  Les  Vers  Cestoides,"  Brassels,  1850 ;  and  Siebold  'Uber 
'^'^^!^^^?*r«-^?''\«?^^  "Siebold  and  Kolliker's  Zeitschrift,"  1850. 

+  See  Kolhker,  m  Siebold  and  KoUiker's  Zeitschrift,  Bd  I.,  1848. 
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the  reception  of  aliment,  tlie  particles  from  which  they  derive  their  nu- 
triment are  nevertheless  introduced  into  the  very  midst  of  their  own 
siibstance;  and  are  sxibjected  there  to  an  operation  that  is  not  less  truly 
digestive,  than  that  which  is  performed  within  a  regular  stomach.  This 
is  effected  in  one  of  two  modes :  either  by  the  passage  of  the  food  from 
the  exterior  to  the  interior  at  any  point  indiscriminately;  or  by  its  admis- 
sion thi-ough  a  definite  and  constant  opening  in  the  cell-wall,  which  may 
be  considered  as  a  mouth. — Of  the  former  method  we  have  a  character- 
istic example  in  the  Actinoplmjs,  whose  vital  economy  has  been  attentively 
studied  by  Prof  Kolliker.*   This  animal  consists  of  a  homogeneous  jelly- 
like, contractile  substance,  veiy  soft  and  delicate  in  its  consistence;  it 
has  no  distinct  enveloping  membrane,  and  does  not  present  the  slightest 
trace  of  mouth,  stomach,  intestine,  or  anus.    Throughout  this  substance, 
but  more  particularly  near  its  surface,  there  are  observed  vacuoles  or 
spaces  occupied  only  by  fluid;  these  have  no  defijiite  boundaries,  and  may 
be  easily  made  artificially  either  to  coalesce  into  larger  ones,  or  to  subdivide 
into  smaller.    The  outer  layer  extends  itself  into  contractile  tentacular 
filaments  (pseudopodia),  whose  substance  is  the  same  as  that  of  the  rest 
of  the  body,  only  diflfering  fr'om  it  in  having  no  vacuoles.  Notwith- 
standing the  simplicity  of  its  structure,  this  creature  feeds  not  merely 
upon  minute  Algae,  but  even  upon  active  Animalcules,  the  young  of 
Crustaceans,  &c. ;  any  of  these,  when  they  happen  to  come  in  contact 
with  one  of  the  tentacular  filaments,  being  usually  retaiued  by  adhesion 
to  it.    As  this  filament  shortens  itself,  all  the  surrounding  filaments 
apply  themselves  to  the  captive  particle,  bending  their  poiuts  together  so 
that  it  gradually  becomes  enclosed,  and  gradually  shortening  so  as  at  last 
to  bring  the  prey  close  to  the  sui-face  of  the  body.    The  spot  with  which 
it  is  brought  into  contact,  then  slowly  retracts,  and  forms  at  fii'st  a 
shallow  depression,  gradually  becoming  deeper  and  deeper,  into  which  the 
prey  sinks,  little  by  little ;  for  some  time,  however,  continuing  to  project 
from  the  surface.    The  depression  at  last  assumes  a  flask-like  form,  by 
the  drawing-in  of  its  margin ;  and  flnally  its  edges  close  together,  and 
the  prey  is  entirely  shut-in.    This  gradually  passes  towards  the  central 
part  of  the  body,  where  its  soluble  parts  are  dissolved;  whilst,  in  the 
mean  time,  the  external  portion  of  the  body  recovers  its  pristine  condi- 
tion.   Any  indigestible  residue,  as  the  shell  of  a  Crustacean,  or  the  case 
of  a  Rotifer,  flnds  its  way  to  the  surface  of  the  body,  and  is  extruded 
from  it,  by  a  process  which  is  precisely  the  converse  of  the  preceding. 
Thus  a  mouth,  stomach,  and  anus,  are  formed  as  it  were  extemporane- 
ously, on  every  occasion  on  which  food  is  to  be  ingested;  and  this  pro- 
cess is  mainly  efiected  by  the  contractility  of  the  soft  homogeneous  tissue  of 
the  body.  The  number,  as  well  as  the  size,  of  the  particles  included  by  the 
Actinophiys  at  any  one  time,  is  very  various;  frequently  there  are  more 
than  ten  or  twelve. t— It  is  probable  that  the  Aviceba  (Fig.  33)  and  the 
Rhizopoda  in  general  obtain  their  food  by  a  very  similar  process;  smce 
particles  Uke  those  wHch  afford  nutriment  to  Actinophrys  are  frequently 

*  "  Siebold  and  KolUker's  Zeitsclirift,"  Band  I.,  p.  198  ;  translated  in  the  "Quarterly 
Journal  of  Microscopical  Science,"  vol.  i.,  p.  25.  +i  ^ic^^n 

t  The  process  above  described,  like  the  structm-e  of  tlie  animal,  was  altogether  miscon- 
ceived by  Prof.  Ehreuberg ;  who  has  described  this  creature  as  possessing  a  regular  mouth 
and  anus,  and  a  multitude  of  stomachs. 
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perceived  to  be  (as  it  were)  imbedded  in  tbe  substance  of  tlieir  bodies; 
which  seem,  eqiially  with  it,  to  be  destitute  of  any  regular  orifices  of 
entrance  or  exit,  or  any  uniform  definite  cavity. 

140  Amon<^  the  Infusory  Ani'malcuks,  however,  we  lind  individualized 
cells,  composed  of  the  same  kind  of  substance  with  the  Rhizopods, 
receiving  aliment  into  their  interior  by  a  definite  oral  onfice;  as  well  as, 
in  many  instances,  rejecting  indigestible  or  excrementitious  matters 
tlu-ough  an  anal  outlet.  The  existence  of  an  orifice  directly  leading  mto 
the  cavity  of  the  cell  which  constitutes  the  entire  body,  and  usually 
siuToimded  by  a  fringe  of  ciUa,  is  probably  to  be  regarded  as  the  special 
character  of  tliis  class;  distinguishing  it  alike  from  the  Vegetable 
organisms  which  have  so  strong  a  superficial  resemblance  to  it,  and  from 
the  Rhizopods  with  which  it  is  in  other  respects  so  nearly  allied.  To 
this  class  (which  was  made  by  him  to  include  not  merely  the  Rhizopods, 
but  also  a  large  number  of  Vegetable  forms)  Prof.  Ehrenberg  gave  the 
designation  of  Polygastnca,  as  expressing  what  he  considered  to  be  the 
peciiliar  featm-e  of  their  organisation;  namely,  the  presence  of  a  number 
of  stomachal  cavities  in  the  interior  of  the  body,  usually  connected 
together  by  an  intestinal  tube,  as  represented  in  Pig.  90.  It  is  now 
almost  universally  considered,  however,  among  unprejudiced  observers, 
that  this  view  is  altogether  wrong;  no  such  canal  or  system  of  stomachs 
being  proved  to  have  any  real  existence;  and  the  appearances  which 
gave  lise  to  the  suijposition,  being  capable  of  another  and  a  far  more  self- 
consistent  explanation.  It  is  one  of  the  most  remarkable  proofs  of  the 
invalidity  of  Professor  Ehrenberg's  views  on  this  point,  that  among  the 
beings  which  he  most  confidently  described  and  figured  as  possessing 
definite  stomachs,  are  many  which  have  been  since  found  to  be  un- 
doubtedly Plants;  such,  for  example,  as  the  Volvox-imnad,  Pig.  90,  A. 
The  truth  appears  to  be  simply,  that  the  bodies  of  these  animals  resemble 
those  oi  Actinophrys  ov  Amoeba,  as  regards  the  nature  of  the  substance  of 
which  they  are  composed  (which  has  received  the  designation  of  Sarcode); 
the  principal  difierence  being,  that  the  external  enveloj)e  is  more  com- 
pletely differentiated  from  its  contents ;  so  that,  being  prevented  by  its 
suj)erior  fii'mness  from  making  their  way  to  the  interior  of  the  body 
through  any  point  of  its  parietes,  the  particles  of  aliment  find  a  definite 
oiifice  prepared  for  their  reception.  Into  this  orifice  they  are  driven  by 
the  action  of  the  cilia  which  fringe  it  (Fig.  90,  B,  c,  e),  or  (more  rarely) 
are  drawn  by  a  set  of  prehensile  filaments  that  are  set  round  it  (a,  a) ; 
and  they  are  then  admitted  to  the  general  cavity  of  the  body  (cell). 
When  several  particles  of  extreme  minuteness  are  thus  introduced  (such, 
for  example,  as  fine  particles  of  indigo  or  carmine  diffused  through  the 
water  in  which  the  animalcules  are  living),  they  seem  very  commonly  to 
be  retained  in  a  little  globular  cavity  immediately  within  the  mouth, 
where  they  are  pressed  into  a  degree  of  consistence  sufficient  to  hold 
them  together  as  minute  pellets  that  take  the  shape  of  their  mould. 
When  a  pellet  has  been  thus  formed,  it  is  expelled  into  the  general 
cavity  of  the  body,  and  the  formation  of  another  globular  mass  com- 
mences. As  one  after  another  is  thus  forced-in,  each,  as  it  is  introduced, 
pushes-on  the  rest ;  and  a  kind  of  circulation  of  the  globular  pellets  is 
thus  occa,sioned,  those  first  formed  making  their  escape  (after  yielding  up 
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their  nutritive  materials)  by  the  second  orifice.*  Sometimes,  however, 
the  body  ingested  may  be  of  far  larger  dimensions  than  the  globular 
pellets  thus  formed,  one  Animalcule  being  occasionally  seen  to  swallow 
another  ncai-ly  as  large  as  itself, — a  fact  which  seems  of  itself  almost  suffi- 
cient to  negative  the  '  polygastric'  hypothesis.  It  is  in  the  ingestion  of 
such  bodies,  that  the  circlet  of  bristle-like  filaments  round  the  moutli 
(designated  by  Prof.  Elu-enberg  as  '  teeth')  becomes  especially  useful ;  for 
they  first  expand  to  receive  the  morsel,  and  then  contract  behind  it,  so 
as  to  push  it  onwards  into  the  orifice. 

Fig.  90. 


■A  B  0  u 


Foli/gastric  Animaleules  according  to  Ehrenberg : — a,  individual  monad  of  Volvox  globaior, 
showing  a,  the  supposed  mouth ;  6,  b,  gastric  vesicles ;  s,  t,  t,  contractile  vesicles ;  r,  r,  r,  cords 
of  communication ; — B,  individual  of  Voriicella  citrina;  a,  the  stalk;  e,  contractile  vesicles ; 
t,  intestinal  tube ; — c,  external  aspect  otMnchelis  pupa  in  the  act  of  talnng  food,  showing  a  the 
mouth,  and  b  the  anal  orifice ; — D,  supposed  digestive  apparatus  of  the  same  animalcule ; 
E,  F,  BimUsT  \ievia  o{  Leucophrys  patula;  Q,  Cliilodon  oucullulus ;  showing  a  the  dental  appa- 
ratus; H,  I,  Pairamecium  aiireUa,  showing  a  the  mouth,  b  the  anus,  »  contractile  vesicles. 

141.  The  transition  from  the  UnicelMai-  animals,  in  which,  however 
great  the  aggregation,  every  cell  repeats  the  rest,  to  those  liigher  organisms 
in  which  the  parts  of  the  aggi'egate  mass  are  completely  difierentiated 
from  each  other,  is  efifected  (as  already  pointed  out,  §  35)  through  the 
group  of  Sponges  ;  and  in  no  part  of  the  structure  is  this  transition  more 
evident,  than  it  is  in  the  provision  for  the  reception  of  food.  For  a  mass  of 
Sponge  may  be  regarded,  on  the  one  hand,  as  an  aggregation  of  Amceba- 

*  See  Prof.  Meyen,  in  "  Ann.  of  Nat.  Hist.,"  Vol.  III.,  pp.  100  and  170.  The  author 
is  able  to  confirm  Prof.  Meyen's  account  as  to  all  essential  particulars,  from  his  own  ob- 
servations. 
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whose  entire  bodies  are 
34),  but  -whose 


digestive 


Pig.  91. 


like  cells,  each  one  living  for  and  by  itself,  but  all  being  held  together  by  a 
common  mtegument,  and  supported  by  a  framework  which  all  participate 
in  forming.  Or,  on  the  other,  it  may  be  looked-at  as  a  whole,  and  the 
attention  chiefly  fixed  upon  the  system  of  canals  which  traverses  the 
body,  and  upon  the  circulation  of  fluid  that  goes-on  within  these,  by  the 
agency  of  the  ciHa  with  which  they  are  lined.  These  canals  must  be  con- 
sidered as  altogether  forming  an  alimentary  cavity,  wliich  is  so  extended 
through  the  mass,  as  to  supply  to  every  part  of  it  the  materials  of  its 
growth ;  whilst  the  manner  in  which  the  several  Sponge-cells  draw  then- 
aliment  from  the  circulating  current,  finds  its  exact  parallel  in  the  manner 
in  which  the  inchAddual  cells  that  enter  into  the  composition  of  the  most 
highly-organised  fabric,  nourish  themselves  by  imbibition  from  the  fluid 
that  bathes  their  exterior  (§  166). 

142.  Polystome  Animals. — ^In  all  animals 
repeated  by  the  process  of  gemmation  (§ 
cavities  remain  in  connection  with  one 
another,  the  entrance  to  each  division  of 
the  stomach  is  properly  to  be  accounted  a 
distinct  mouth ;  and  thus  the  entire  compo- 
site fabric  may  be  said  to  be  '  polystome'  or 
many-mouthed.  This  is  the  case  amongst  all 
the  '  composite'  Zoophytes,  whether  Hydra- 
form,  Actiniform,  or  Alcyonian  (§§  151, 
152) :  and  by  that  early  form  of  the  spongoid 
basis  of  the  latter  (Fig.  91),  in  which  the 
jjolypes  are  not  yet  develojDed  at  the  extremi- 
ties of  the  canals,  we  are  carried  back  to  the 
true  Sponges,  in  which  the  canals  never  be- 
come furnished  with  polypes.  It  is  equally 
the  case  among  the  Composite  Accdeiohoe,, 
whose  strange  forms,  it  is  now  satisfactorily 
determined,  are  the  result  of  a  process  of 
gemmation,  which  multiplies  the  entrances 
to  the  complex  digestive  cavity,  that  ex- 
tends contiauously  (as  in  the  Hydroid 
Zoophytes)  through  all  the  parts  thus  pro- 
duced.*— There  is  no  known  instance  of  a 
multiple  mouth  in  any  other  animals  than 
such  as  thus  acquire  a  composite  structure ; 
for  the  Rhizostoma  (Fig.  92)  does  not 
constitute  a  real  exception.  In  this  animal, 
though  fonned  upon  the  general  plan  of  the  Medusa,  we  find,  in  place  of 

*  This  very  important  modification  of  the  views  formerly  entertained  regarding  tlie 
PhysofjT-ade,  Cirrhrjrade,  iind  Diphyd  Medusse,  has  been  brought  about  by  the  researclies 
i-  7  communicated  to  the  Royal  and  Linnrean  Societies  in  1849  •  by  those 

of  Dr  Rudolf  Leuckart,  pubUshed  in  "Siebold  and  Kolliker's  Zeitschrift,"  1851  and  in 
his  Monograph  of  the  SiphonophoriB  in  his  "Zoologische  Untersnchungen, "  1853  •  andbv 
those  of  Prof.  Kiilliker  "  Die  Schwimmpolypen  oder  Siphonophoren  von  Messina ''1853  _ 
It  IS  much  to  be  regretted  that  the  delay  in  the  publication  of  Mr.  Huxley's  Memoii-"on 
the  Physophoridoe  and  the  DiphydiB,  on  the  part  of  the  Linnsean  Society,  should  havede 
prived  him  of  the  credit  to  which  he  is  entitled,  as  the  original  enunciate  of  the  correct 
idea  of  the  nature  of  these  peri)lexing  forms.  coirect 


Portion  of  a  young  branch  of  tho 
polypidom  of  Alcyoniam  stellatum, 
divided  lonritudinally  to  show  the 
spongiformoharaoterof  its  structure ; 
a,  incipient  state  of  young  polype.  ' 
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an  open  mouth  in  the  centre  of  its  eight  tentacula,  the  tentacula  them- 
selves excavated  by  canals, 
92.  which  communicate  witli 

the  single  cavity  of  the 
stomach,  and  which  ramify 
and  subdivide,  until  their 
finest  branches  open  on  the 
surface  by  pores  that  are 
too  small  to  allow  any  save 
very  minute  Animalcules  to 
enter.  But,  as  Eisenliardt 
has  shown,*  the  Rhizostoma 
differs  from  other  animals 
only  in  this ;  that  its  mouth 
(which  is  really  single)  does 
not  open  directly  outwards, 
but  is  provided  with  a  mim- 
ber  of  tubular  appendages, 
which  extend  themselves 
into  the  foliaceous  expan- 
sions of  the  arms,  so  as  to 
augment,  as  much  as  pos- 
sible, the  number  of  points 
through  which  the  alimen- 
tary particles  required  by 
this  animal  may  be  absorbed. 
— Here,  then,  we  have  a 
sort  of  transitional  form 
between  the  composite 
^    ^,      ,  ,  '  polvstome' Acalephs,  and 

JZ/MZOsfoma  injected  with  coloured  fluid,  to  show  the  central      i  /      „  „„+„^.;' 

digestive  cavity,  and  the  canals  branching-oif  from  it  to  ramify  those  mOnOStomC  ^  tllbCS 
in  the  arms  and  in  the  disk.  which  correspond  with  all 

Mgher  animals  in  possessing  but  a  single  external  entrance  to  the  digestive 

cavity.  i      •    i  i 

143.  Oral  A2yparatus.— The  relative  size  and  form  of  the  smgle  oral 
orifice  that  is  common  to  all  other  animals,  differ  very  greatly,  according 
to  the  nature  of  the  food  upon  which  the  species  is  destmed  to  Uve.  The 
Invertebrate  division  contains  many  groups,  that  are  supported  hj  suction 
of  the  juices  of  higher  animals  or  of  plants;  and  in  them  we  usually  find 
the  oral  orifice  narrowed  and  sometimes  immensely  prolonged.  As  siicl. 
a  means  of  obtaining  food  usually  involves  the  necessity  of  locomotive 
powers,  whereby  the  animal  may  go  in  search  of  it,  we  find  as  might  be 
expected,  that  it  is  most  common  in  the  Articulated  sub-kingdom;  all 
the  principal  classes  of  which,— Entozoa,  Annelida,  Insects,  Crustaceans, 
and  Spiders,-contain  groups  of  greater  or  less  extent,  which  are  especially 
adapted  for  obtaining  their  food  by  suction.  The  P.jcnogomdce  {Fig  lOo) 
present  a  characteristic  example  of  the  most  simple  form  of  suctoiial 
mouth  in  which  the  aperture  is  merely  narrowed  and  somewhat  pro- 
longed ;t  bxit  the  most  remarkable  modifications  for  this  purpose  are  to 

*  "Nova  Acta  Leopold,"  torn  x.  p.  392.  .        Author  would 

t  From  the  situations  in  wHcli  these  creatures  are  ^"""f '  { 

infer  that  they  draw  theii-  nom-ishnient  from  the  mucus  that  covers  the  surface  ol 

weeds. 
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be  met-with  in  the  class  of  Insects,  especially  in  the  Lejndopterous  and 
JXpteroits  orclei-s.  Of  the  first  of  these  groups,  a  considerable  proportion 
feed  upon  the  juices  of  flowers,  which  the  large  expanse  of  their  wings 
prevents  them  from  entering ;  and  their  long  hamiellimn,  which  is  coiled 
up  beneath  the  head  when  not  in  use,  can  be  so  extended  as  to  suck  up 
the  honey  from  the  bottom  of  a  deep  blossom,  while  the  insect  rests  upon 
its  outer  edge.  Of  the  latter,  however,  a  considerable  proportion  feed 
upon  the  juices  of  animals;  but  there  are  some  that  have  recourse  to  the 
honeyed  exudations  of  flowers ;  and  among  these  the  Nemestrina  longi- 
rostris  (a  Dipterous  insect  of  the  Cape  of  Good  Hope)  deserves  especial 
mention,  the  length  of  its  proboscis  being  about  3  inches,  whilst  that  of 
its  body  is  only  about  8  lines;  so  that  it  is  enabled  to  feed  upon  the 
juices  of  a  flower  whose  tubular  corolla  equals  its  tnink  in  length.  Many 
animals  whose  mouths  are  adapted  for  suction,  possess  some  means  of 
attacliing  themselves  to  the  spots  in  which  they  can  best  obtain  the 
nutriment  they  require ;  thus  we  find  the  Cystic  and  Cestoid  Entozoa  very 
commonly  provided  with  a  set  of  booklets  on  their  heads ;  the  Trematoda 
usually  have  the  mouth  surrounded  by  a  circular  sucker  (Fig.  100,  a); 
the  Suctorial  Annelida  have  not  merely  a  sucker  for  attachment,  but  an 
incising  apparatus  for  making  incisions  into  the  blood-vessels  of  the 
animals  whose  juices  they  suck ;  the  Suctorial  Crustacea  usually  have  a 
sucker  formed  by  the  peculiar  development  of  one  of  the  paii-s  of  members, 
whilst  the  mouth  is  elongated  into  a  proboscis  armed  with  penetrating 
instruments;  and  the  Suctorial  Insects,  which  seldom  attach  themselves 
permanently  in  any  one  situation,  but  make  a  fresh  puncture  whenever 
their  appetite  incites  them  to  feed,  are  for  the  most  part  destitute  of  any 
special  organs  of  adhesion,  but  have  a  most  elaborate  set  of  instruments 
for  incising  the  skin  of  the  animals  they  attack. — The  Gyclostome  Fishes 
(Fig.  146,  a)  are  the  only  Yertebrated  animals,  which  present  any  similar 
adaptation  to  a  suctorial  mode  of  nutrition. 

144.  When  the  food  consists  of  solid  matters,  which  is  the  case  in  by 
far  the  larger  proportion  of  the  Animal  kingdom,  we  fiLnd  the  entrance 
to  the  digestive  cavity  of  much  greater  proportionate  size ;  and  it  is 
seldom  prolonged  foi-wards,  but  far  more  frequently  has  somewhat  of  a 
funnel  shape,  so  that  the  alinlent  may  be  more  readily  drawn  within  it. 
The  means  by  which  the  introduction  of  food  is  accompUshed,  are  ex- 
tremely vaiious.  The  simplest  plan  is  one  which  carries  us  back  to  the 
tyi^e  of  the  Infrisoria,  although  it  presents  itself  in  a  much  more  elaborate 
fomi.  Among  many  aquatic  animals,  whose  food  consists  of  minute 
particles  difiused  through  the  water,  we  find  that  the  action  of  cilia 
situated  around  and  within  the  entrance  of  the  alimentary  canal,  or  upon 
organs  m  immediate  connection  with  it,  whereby  a  current  of  water  may 
be  driven  into  the  stomach,  is  the  sole  means  by  which  aliment  is  intro- 
duced, ihe  most  remarkable  examples  of  entire  dependence  upon  this 
agency  are  furnished  by  the  Acephalous  MoUusks;  for  in  ih^  Bryozoa 
(±ig.  49)  the  poljqoe-hke  arms  are  unfitted  for  prehension,  and  effect  the 
introduction  of  alimentary  matter  solely  by  the  ciliary  cun-ents  they  pro- 
duce; and  the  T'^aia  (Fig.  42),  Brachiopoda  (§  138),   and  Za- 

e  ent  al  y  the  same.    Among  Radiated  animals,  recoiu-se  seems  less  fre- 

ZselZ  rJ^l    'i-^  ^^^"^^^^y  "^'^  i«  unsuitable  to 

tliose  foims  of  the  digestive  cavity  that  have  but  a  single  orifice  since 
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the  requisite  cuiTcnt  could  not  be  effectually  maintained  through  such ;  but 
among  the  Oiliocjrade  Accdejjhce  (Fig.  101),  which  possess  an  anal  oiifice, 
the  ciliaiy  action  appears  to  be  the  means  of  introducing  aliment,  as  well 
as  of  propelling  the  body  through  the  ocean.    In  the  Articulated  classes, 
too,  this  ciliary  action  is  seldom  the  means  of  introducing  aliment  into 
the  stomach ;  most  of  them  feeding  upon  solid  bodies  of  comparatively 
large  dimensions,  and  being  enabled  by  their  locomotive  powers  to  go  in 
search  of  theii-  food.    But  among  those  which  resemble  in  their  habits  of 
life  the  Molluscous  tribes  already  alluded-to,  we  find  the  same  method  of 
obtaining  nutriment ;  thus  it  appears  to  be  by  the  currents  set  in  motion 
by  the  ciHa  clothing  the  respiratory  tufts  which  are  seated  on  their  heads, 
that  the  Ser2mlce  and  their  allies  (Fig.  144)  draw  in  their  food;  and  in 
the  Rotifera  (Fig.  96)  and  the  Cirrhipeda  (Fig.  4)  we  find  special  ciliated 
organs  developed,  which  appear  subservient  both  to  the  purposes  of  respi- 
ration and  to  the  ingestion  of  aliment.  It  is  probable  that  the  Am2)hioxm 
(Fig.  127)  is  nourished  in  a  similar  manner;  but  that  remarkable  animal 
affords  the  only  known  example  among  the  Vertebrata,  of  the  employ- 
ment of  ciliary  action  for  this  purpose.    It  is  curious  to  observe,  however, 
in  the  Greenland  Whale,  a  mode  of  ingestion  which  is  essentially  the 
same,  though  accomplished  by  a  different  instrumentality ;  for  this  huge 
animal  gulps  enormous  volumes  of  water  into  its  capacious  mouth,  and 
then  ejects  these  through  its  blow-holes,  straining  out,  thi'ough  its  whale- 
bone-sieve, the  small  Medusae,  Pteropods,  Crustacea,  Fishes,  or  other  free- 
swimming  marine  animals,  which  the  water  may  contain ;  it  being  such 
alone  that  it  is  capable  of  swallowing. — The  foregoing  plan  is  one  that 
seems  intermediate,  in  regard  to  the  kind  of  nutriment  for  which  it  is 
adapted,  between  the  suctorial  method,  which  is  fitted  only  for  the  intro- 
duction of  liquid  aliment,  and  the  one  we  have  next  to  consider,  which  is 
appropriate  to  the  ingestion  of  solid  masses. 

145.  The  organs  with  which  the  Digestive  Apparatus  is  provided,  for 
the  introduction  of  solid  food  into  its  cavity,  vary  greatly  in  complexity 
in  the  different  tribes  of  animals  which  derive  their  subsistence  from 
aliment  of  this  kind.  Thus  we  shall  find  that  in  the  lowest  and  simplest 
types,  these  organs  are  in  immediate  connection  with  the  sto7nach;  but 
that  they  are  separated  from  it  in  the  higher  by  the  interposition  of  an 
crcd  apparatus,  with  prehensile  appendages  for  laying  hold  of  the  food, 
which  after  passing  through  the  buccal  cavity,  is  drawn  downwards  into 

the  stomach ;  and  that  in  the  highest 
of  all,  the  introduction  of  food  into 
the  mouth  is  itself  aided  by  acces- 
sory organs,  which  do  not  form  part 
of  its  own  organization.  Of  the  fii-st 
of  these  types,  we  have  a  character- 
istic example  in  the  Hydra  (Fig.  34), 
the  entrance  to  whose  stomachy  is 
surrounded  by  '  tentacula,'  which 
may  be  considered  as  representing  the 
pharyngeal  and  oesophageal  muscles 
of  higher  animals.  The  tentacida  of 
the  Actinia  (Fig.  35)  correspond  with 
these  in  character  and  in  mode  of 


Fig.  93. 


Tliatmnnlias  pilosella,  one  of  the  Naked- 
eyed  Meduste  -.—a  a,  oral  tentacula ;  b,  stomaoli ; 
e,  gastro-vascnlar  canals,  having  the  ovaries, 
d  d,  on  either  side,  and  terminating  m  the 
marginal  canal  e  e. 
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action;  and  it  may  be  said  that  the  same  tyi^e  prevails  through  the  whole  class 
of  Polypifera.  The  Medusce  and  their  allies  are  formed  upon  a  plan  which 
must  be  considered  as  essentially  similar,  the  four  tentacula  (Fig.  93,  a  a) 
beinf^  there,  also,  placed  ai-ound  the  entrance  to  the  stomach;  and  it  is  by  the 
adhesion  of  the  edges  of  these  tentacula,  that  the  'proboscis'  is  formed  in  such 
of  the  Pulmograde  Acalephse  as  possess  it.  It  is  interesting  to  obsei-ve  in 
the  class  of  Echinodermata,  a  gradual  transition  towards  a  more  elevated 
type.  Thus  in  the  Asterias  (Fig.  37),  which  has  no  oral  apparatus,  we  find 
the  food  brought  to  the  stomach,  not  by  tentacula,  but  by  the  flexion  of  the 
lobes  of  the  body,  commonly  known  as  their '  arms.'  "  Starfishes,"  says  Prof 
E.  Forbes,*  "  are  not  unfrequently  foimd  feeding  on  shell-fish ;  in  such  cases 
they  enfold  theii"  prey  within  their  arms,  and  seem  to  suck  it  out  of  its  shell 
with  their  mouths  pouting  out  the  lobes  of  the  stomach.  They  can  project 
the  central  parts  of  their  stomachs  in  the  manner  of  a  proboscis."  Whether 
the  tine  'arms'  of  the  Orinoidea  (Figs.  9,  38)  and  of  Ojjhncrida  (Fig.  8), 
serve  to  bring  food  to  the  stomach,  is  not  certainly  known ;  but  their 
position  in  the  former  of  these  orders,  at  least,  would  lead  to  the  infer- 
ence that  they  are  subservient  to  this  purpose.  In  the  Eclmiida  and 
Holothurida,  however,  we  find  that  the  entrance  to  the  alimentary  canal 
is  no  longer  the  entrance  to  the  stomach ;  but  that  the  former  becomes  a 
true  '  mouth,'  being  furnished  with  a  prehensile  apparatus  of  its  own, 
and  being  separated  from  the  stomach  by  the  intervention  of  the  oeso- 
phagus. The  mouth  is 
provided,  in  the  typical 
Echinida,  with  a  dental 
apparatus  (Fig.  95,  a), 
which  is  capable  of  being 
projected  beyond  the 
oral  orifice ;  whilst  in  the 
Holothurida  (Fig.  94),  it 
is  surroimded  by  prehen- 
sile tentacula,  which  are 
here  to  be  regarded  as 
labial,  being  extensions 
of  the  lips,  rather  than 
as  a  divided  pharynx. — 
Turning  to  the  Articu- 
lated series,  we  find  that 
in  a  considerable  proportion  of  the  Aniielida,  the  mouth  is  fui-nished 
with  powerful  jaws,  sometimes  to  the  number  of  three  pairs,  opening 
latei-ally;  or  with  a  proboscis  which  is  capable  of  being  everted,  and 
which  then  displays  an  armature  of  teeth  on  its  exterior  (Fig.  o3,  b,  c). 
In  the  Mandihulate  Insects,  and  in  the  greater  part  of  the  Crustacean 
class,  we  find  the  jaws  highly  developed,  and  taking  the  place  of  any 
other  kind  of  apparatus ;  the  former  group  always  possessing  two  pairs 
of  these  organs,  which  open  laterally,  one  above  and  the  other  below 
the  oral  orifice;  whilst  in  the  latter,  besides  the  regular  mandibles  and 
maxilljB,  there  is  a  variable  number  of  feet-jaws  (§  53  ). — In  the  higher 
part  of  the  Molluscous  series,  again,  the  mouth  is  usually  provided  witli 

*  "  History  of  British  Echinodermata,"  p.  86. 
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jaws;  these  animals  being  adapted  to  go  in  search  of  their  food,  and  to 
select  and  divide  it  for  themselves.  In  many  of  the  Gasteropoda,  we 
find  a  single  pair-  of  horny  jaws,  opening  laterally;  but  there  are  several 
whose  buccal  apparatus  rather  consists  of  a  proboscis-like  organ,  some- 
what resembling  that  of  the  Annelida,  which  can  be  everted,  and  which 
then  displays  a  set  of  powerful  teeth,  adapted  to  abrade  substances  of 
even  shelly  hardness.  The  Gephalojwda,  on  the  other  hand,  possess  a 
pair  of  horny  jaws  opening  vertically,  like  those  of  Yertebrata. — Through- 
out the  Vertebi-ated  series,  it  is  almost  invariably  by  the  action  of  the 
jaws  and  lips,  that  food  is  introduced  into  the  mouth;  the  suctorial 
Cyclostomi  already  referred-to,  and  the  SyngnathidcB  or  '  pipe-fishes,'  which 
have  the  jaws  prolonged  and  adherent  together,  and  wliich  seem  to  draw 
up  worms,  small  mollusks,  and  crustaceans,  and  the  ova  of  other  fishes, 
through  the  tube  thus  formed,  being  the  only  cases  of  even  partial  rever- 
sion to  the  lower  type. 

146.  Prehensile  Appetidages. — Among  the  more  elevated  forms  of  the 
Molluscoiis,  Articulated,  and  Vertebrated  sub-ldngdoms,  we  find  a  special 
provision  for  the  p)rsJiGnsion  of  food,  by  organs  which  have  no  immediate 
connection  with  the  digestive  apparatus ;  the  aliment  being  thus  brought 
within  reach  of  the  mouth  and  of  its  proper  appendages.  Some  ap- 
proaches to  such  an  arrangement  present  themselves  even  in  the  lower 
Echinodermata,  in  which  the  '  arms'  and  lobes  of  the  body  are  made  to 
bring  the  food  to  the  entrance  of  the  stomach ;  and  iu  the  JEchinida  it 
seems  not  improbable  that  the  spines  and  '  cirrhi,'  especially  the  latter, 
may  be  occasionally  used  in  subservience  to  the  ingestion  of  food,  as  well 
as  in  locomotion. — Of  the  higher  or  Cephalous  group  of  MoUusca,  we 
only  find  the  Cephalopoda  and  a  few  of  the  Pteropoda  to  be  provided 
with  prehensile  appendages.  The  little  Clio  (Fig.  46,  c)  has  three  tenta- 
cula  on  each  side  of  the  oral  orifice,  beset  with  an  immense  mviltitude 
(estimated  at  about  60,000  on  each)  of  minute  suckers ;  and  these  seem 
to  prefigure  the  '  arms.'  Of  such  '  arms,'  the  Nautilus  and  its  allies  pos- 
sess about  a  htindred;  but  being  short  and  unfm^nished  with  suckers, 
they  are  not  nearly  so  efficient  as  instruments  of  jDrehension,  as  are  the 
eight  or  ten  acetabulated  arms  of  the  Sepia  and  its  allies  (Fig.  47). 
These  arms,  although  resembling  the  tentacula  of  the  Polypes*  in  uses, 
and  apparently  also  in  position,  are  not  really  homologous  with  them 
(§  41);  nor  are  they  represented  (as  has  been  supposed)  by  the  labial  ten- 
tacu.la  which  are  possessed  by  several  Fishes,  as  well  as  by  many  of  the 
inferior  Mollusks. — In  most  of  those  \a^Qr  Articulata  which  possess  nume- 
rous well-developed  members,  we  find  that  such  as  are  nearest  the  mouth 
are  used  to  a  greater  or  less  extent  in  the  prehension  of  food;  and  that 
in  many  instances  one  pair  is  specially  developed  for  this  piirpose.  The 
transition  from  the  general  to  the  special  form  of  the  prehensUe  apparatus 
is  well  seen  among  the  Decapod  Crustacea  (§  52) ;  in  some  of  which  (as 
the  Cray-fish)  we  find  all  the  true  legs  of  nearly  equal  size,  and  most  of 
them  terminated  by  forcipated  appendages;  whilst  in  othei-s  (as  the 
Crab)  the  first  pair  are  enormoiisly  developed  as  prehensile  organs,  and 
are  furnished  with  powerful  pincers,  whilst  the  remainder  are  restricted 

*  The  '  Polype '  of  the  ancients  was  the  Eight-armed  Cuttle-fish  of  the  Mediterranean ; 
and  it  was  from  theh  superficial  resemblance  to  this  creature,  that  the  designation  was 
applied  to  the  beings  now  known  asPolyi^es,  when  their  Animal  nature  was  first  made  out. 
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to  locomotive  action. — In  the  Vertebrated  series,  it  would  ajjiaear  as  if  the 
limited  number  of  members,  and  the  necessity  for  emi^loying  these  in 
locomotion,  placed  a  greater  i-estriction  upon  the  use  of  them  as  prehen- 
sile organs.  Among  Fishes  and  Eeptiles,  the  prehension  of  food  is  solely 
accomplished  by  the  jaws,  save  where  the  tongue  (as  in  the  Chameleon) 
is  subservient  to  this  function.  In  Birds,  it  is  only  in  a  few  cases  that 
the  foot  is  employed  for  this  purpose,  the  anterior  members  being  never 
modified  in  subserviency  to  it,  and  the  tongue  (as  in  Keptiles)  being  the 
only  instrument  that  is  ever  specially  developed  as  a  prehensile  organ. 
Among  Mammals,  the  special  modification  of  the  anterior  extremities  for 
prehension  is  limited  to  those  few  groups  in  which  they  are  comparatively 
little  needed  for  locomotion :  thus,  among  most  of  the  XJngulated  quad- 
rupeds wliich  have  the  power  of  standing  erect  upon  the  hind  legs,  as  the 
Eodentia,  Plantigrade  Camivora,  and  many  Marsupialia,  we  find  the 
anterior  extremities  employed  to  clasp  objects  between  them;  in  the 
Quadrumana,  the  prehensile  power  is  exercised  by  a  single  extremity, 
which  can  hold  an  object  of  moderate  size  in  the  grasp  of  the  digits;  but 
it  is  in.  Man  that  this  prehensile  power  is  carried  to  its  fullest  extent,  by 
the  peculiarity  of  conformation  of  the  thu.mb,  which  brings  its  extremity 
into  opposition  with  those  of  each  of  the  fingers. — Some  of  the  Mammalia 
whose  extremities  are  not  adapted  for  the  pi-ehension  of  food,  are  furnished 
with  other  organs  for  the  purpose,  wliich  are  special  modifications  of  those 
elsewhere  existing  imder  the  ordinary  type ;  it  is  sufiicient  to  refer  to  the 
proboscis  of  the  Elephant,  the  jDrolonged  snout  of  the  Tapir,  the  prehensile 
tongTie  of  the  Giraffe,  and  the  very  extensible  tongue  of  the  Ant-eater. 

147.  Thus,  between  the  simple  stomach  furnished  with  prehensile  ten- 
tacles, of  which  the  Hydra  consists,  and  the  complex  apparatus  for  the 
prehension  of  the  food  which  is  placed  in  front  (so  to  speak)  of  the  car- 
diac orifice  of  the  stomach  in  Man,  a  regular  gTadation  may  be  traced. 
The  tentacula  are  brought  together,  to  form  a  pharyngeal  tube ;  a  buccal 
cavity  is  placed  at  its  entrance ;  jaws  and  Hps  are  developed  at  the 
oi-ifice  of  the  buccal  cavity ;  and  external  members  are  developed  or 
modified,  for  the  purpose  of  bringing  the  food  within  their  reach.  Yet 
the  development  of  these  more  special  organs  does  not  supersede  the 
necessity  of  those  more  generally  diffused  through  the  Animal  kingdom. 
Although  the  hand  of  Man  brings  his  food  to  his  mouth,  yet  it  is  by  his 
lips  and  jaws  that  liis  food  is  taken  into  its  cavity,  as  in  the  Herbivorous 
Mammalia;  and  notwithstanding  that  the  muscular  apparatus  of  the 
mouth  propels  the  food  backwards  into  the  pharynx,  it  only  thereby 
carries  it  within  reach  of  the  pharyngeal  constrictors,  which  then  lay  hold 
of  it  and  draw  it  into  the  oesophagus,  by  the  muscles  of  which  it  is  carried 
down  into  the  stomach,  precisely  as  by  the  tentacula  in  the  Hydra.  And 
it  IS  curious  to  observe,  that  just  as  the  tentacula  of  the  Hydra  no  loncrer 
make  any  attempts  to  grasp  an  object  that  touches  them,  when  the 
stomach  is  already  gorged  with  food,  so  does  Man  experience  a  difficulty 
m  the  act  of  swalloxving  at  the  end  of  a  full  meal,  which  seems  to  result 
from  a  like  want  of  readiness  to  contract  on  the  part  of  the  pharyno-eal 
constrictors.— In  the  progress  of  the  food  along  the  alimentary  canal  of 
higher  Animals,  we  may  obsei-ve  the  gradual  removal  of  it  from  connec- 
tion with  the  functions  of  aniorml  life.  To  procm-e  it  in  the  fii-st  instance 
IS  one  important  office  of  these  functions;  and  the  highest  exercise  of  the 
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locomotive,  sensorial,  and  intellectual  powers  is  often  required  for  this 
purpose.    Its  introduction  into  the  mouth  is  an  act  of  volition  in  Man ; 
■whilst  the  masticatory  movements  to  which  it  is  there  subjected,  may  be 
regarded  as  essentially  '  automatic'  in  thcii-  character  (though  capable  of 
being  controlled  and  directed  by  the  will),  and  as  closely  corresponding 
with  the  instinctive  actions  of  the  lower  animals.    The  act  of  '  degluti- 
tion,' or  swallowing,  is  of  a  purely  '  reflex'  nature,  being  the  result  of  a 
nervous  influence  in  which  neither  the  will  nor  sensation  is  concerned ; 
for  when  the  solid  or  fluid  contents  of  the  mouth  are  brought  in  contact 
with  the  surface  of  the  pharynx,  the  impression  made  upon  the  nerve  dis- 
tributed on  it  is  transmitted  to  the  upper  part  of  the  spinal  cord ;  and 
an  automatic  impulse  is  propagated  along  the  motor  fibrils,  by  which  the 
muscxilar  movements  requisite  for  the  action  of  swallowing  are  produced. 
A  similar  action  assists  the  propulsion  of  food  down  the  oesophagus,  and 
the  movements  of  the  stomach  seem  to  be  in  part  excited  in  the  same 
manner ;  but  the  proper  fibres  of  the  oesophagus  itself  are  not  dependenL 
for  their  power  of  action  upon  nervous  influence,  nor  are  those  of  the 
stomach.    Beyond  the  stomach,  the  connection  of  the  motions  of  the 
alimentary  canal  with  the  nervous  system  almost  wholly  ceases,  the  ordi- 
nary peristaltic  movements  of  the  intestines  appearing  to  depend  upon 
the  stimulus  directly  applied  to  their  muscular  coat  by  the  contact  of 
food ;  although  they  may  be  in  some  degree  controlled  by  a  system  of 
muscles  disposed  around  the  outlet  of  the  canal,  which  are,  like  those  at 
its  entrance,  partly  involuntary,  and  partly  under  the  direction  and 
restraint  of  the  will. — So,  in  descending  the  Animal  scale,  we  flnd  that 
the  introduction  of  food  into  the  digestive  cavity  is  first  removed  from  the 
agency  of  the  intellect  and  will,  and  provided-for  by  the  instincts  alone ; 
this  is  probably  the  case  in  even  the  liighest  Invertebrata,  and  likewise 
in  the  lower  Vertebrata,  as  it  undoubtedly  is  in  the  infantUe  condition  of 
Man.    When  we  descend  to  Zoophytes,  we  find  strong  reason  to  believe 
that  the  movements  of  the  tentacula,  by  which  the  food  is  grasped  and 
drawn  into  the  stomach,  are  not  merely  involuntary,  but  are  not  even 
dependent  upon  sensation;  and  there  is  stUl  stronger  reason  to  believe 
that  such  is  the  case,  in  those  inferior  Mollusks  in  wliich  the  supply  of 
food  is  obtained  by  ciliary  curi-ents.  And  thus  we  may  perceive  a  regular 
gradation  between  those  beings,  in  which  the  supply  of  food_  has  been 
made  (for  a  wise  purpose)  dependent  upon  the  highest  exercise  of  the 
functions  of  Animal  Ufe,  and  those  in  which  the  operation  is  as  purely 
Orgcmic  as  it  is  in  Plants.    (See  chap,  xiii.) 

148.  Reducing  Apparatus. — One  more  class  of  accessoiy  organs  has  to 
be  noticed,  before  we  proceed  to  the  account  of  the  essential  part  of  the 
Digestive  apparatiis,  and  of  the  operations  to  which  it  is  subservient. 
In  order  that  soUd  food  may  be  more  easUy  dissolved  m  the  stomach,  it 
is  frequently  submitted  in  the  first  instance  to  a  process  of  mechanical 
reduction  by  a  triturating  apparatus;  and  either  at  the  same  tune,  or  at 
some  other,  it  is  incorporated  with  a  Salivaiy  fluid,  the  admixtui-e  of 
which  not  only  renders  the  subsequent  process  of  solution  more  easy,  bxit 
also  appears  to  efiect  a  change  in  the  alimentary  matters  themselves.  It 
is  in  animals  that  are  destined  to  feed  upon  vegetable  substances,  and 
especially  upon  such  as  are  of  tough  consistence,  that  we  find  this  reduc- 
ing apparatus  most  powerful  and  efficient;  f<n-  as  the  flesh  of  animals  is 
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of  comparatively  easy  solubility,  tliere  is  less  occasion  for  any  such  pre 
--    ■  xiiis  reduction  is  not  by  any  means  constantly 


liminary  preparation. 


Fio.  95. 


perform'ed,  however,  in  the  mouth;  for  almost  any  part  of  the  first  cbvi- 
sion  of  the  alimentary  canal  may  be  the  seat  of  the  apparatus.— In  the 
Radiated  sub-kingdom,  there  are  jione  save  the  tji^ciilE  cUmda,  which 
possess  such  a  reducing  apparatus;  but  it  is  remarkable  that  it  shouitl 
attain  in  that  group 
an  extraordinary  com- 
plexity, and  should  oc- 
cupy a  situation  corre- 
sponding to  that  which 
it  possesses  in  the  high- 
est Vertebrata.  The 
'  lantern  of  Aristotle' 
(Fig.  95,  a),  as  it  is 
sometimes  termed,  is  a 
five-sided  conical  mass, 
composed  of  five  'jaws' 
in  apposition  with  one 
another,  each  of  them 
having  the  form  of  a 
triangular  pyramid ; 
two  of  their  sides, 
which  are  flattened, 
look  towards  those  of 
the  neighbouring  jaws, 
and  have  their  surfaces 
roughened  by  grooves 
like  those  of  a  file; 

whilst  the  third,  which  is  somewhat  convex,  is  external,  and  serves  for 
the  attachment  of  the  muscles  that  fix  the  apparatus  to  the  interior  of  the 
shell,  which  is  furnished  with  projections  round  the  oral  orifice  developed 
for  this  purpose.  Each  jaw  contains  a  long  pointed  tooth  of  remarkable 
hardness,  wliich  projects  to  a  considerable  length  from  its  socket,  and 
this  appears  (like  the  '  tusks'  of  Mammalia)  to  be  continually  renewed  by 
new  growth  at  its  base,  as  it  is  worn  away  at  its  apex.  The  whole  is 
moved  by  a  most  complete  set  of  muscles,  wliich  can  bring  the  entire 
'  lantern'  nearer  to  the  oral  orifice,  and  can  cause  the  points  of  the  teeth 
to  project  beyond  it;  which  can  separate  the  jaws,  and  consequently  the 
points  of  the  teeth,  from  one  another,  and  then  draw  them  together,  so 
as  to  enable  the  latter  to  grasp  and  divide  any  hard  substance  adapted 
for  food;  and  which  can  subject  this  to  trituration,  not  merely  between 
the  points  of  _  the  teeth,  but  also  between  the  flattened  file-like  surfaces  of 
the  jaws,  which  can  be  made  to  work  against  each  other. — Among  the 
Acephalous  MoUusks,  no  reducing  apparatus  seems  usually  to  be  required ; 
theii-  food  being  in  a  state  of  very  fine  division  at  the  time  it  is  intro- 
duced ;  nevertheless  in  some  of  the  Bryozoa,  a  '  gizzard'  or  muscular 
stomach,  apparently  subservient  to  this  purpose,  intervenes  between  the 
cesoi^hagus  and  the  true  digestive  stomach.  A  gizzard  of  considerable 
power,  closely  resembling  that  of  Birds,  is  found  in  many  Gasteropods, 
especially  in  those  whose  mouth  is  unfurnished  with  a  reducing  appa- 


Anatomy  of  EcMmis  Uvidus,  laid  ox^en,  from  the  under  side ; — 
a,  buccal  apparatus  tiu'ned  to  one  side ;  b,  portion  of  tegumentary 
membrane  surrounding  the  mouth ;  c,  calcareous  jaws ;  d,  CESO- 
phagus  ;  e,  conmiencement  of  intestine  ;  f,  mesenteric  membrane  ; 
g,  dupKcature  of  the  intestine,  which  forms  a  second  convolution,  h, 
along  the  course  of  the  first,  and  terminates  at  the  anal  orifice  i, 
around  which  are  seen  the  five  oviducts ;  j,  ovai-ia ;  k  Tc,  ambulaoral 
vesicles. 
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ratus;  this  is  the  case,  for  example,  with  Aplysia  (Fig.  50),  whose  gizzard 
('0,  situated  between  the  crop  {g,  g)  and  the  true  digestive  stomach  (h)  Ls 
lined  with  firm  horny  teeth;  and  in  some  instances,  these  teeth  are 
replaced  by  firm  calcareous  plates,  adapted  to  crush  the  shells  of  the 
smaller  MoUusks  that  are  devoured  by  these  animals,  which  is  the  case 
m  Bulla*  But  in  the  greater  number  of  instances,  the  reduction  of  the 
food  is  accomplished  by  some  part  of  the  buccal  apparatus;  either  by  the 
cutting  jaws  with  which  some  Gasteropods  are  furnished;  or,  as  in  Buc- 
Ginu7H,  by  the  teeth  which  form  a  sort  of  palatal  Uning  to  the  proboscis, 
and  which  are  carried  outwards  by  its  eversion;  or,  as  in  Patella  and 
some  other  phytophagous  Gasteropods,  by  the  long  rasp-like  tongue.  In 
the  Ge2)halopoda,  notwithstanding  the  presence  of  jaws  for  the  division  of 
the  food,  its  reduction  seems  to  be  chiefly  accomplished  by  a  muscular 
gizzard  closely  resembling  that  of  Birds.— In  most  of  these  instances,  we 
find  salivary  glands  pouring  their  secretion  into  the  mouth  or  j^harynx; 

and  where  a  gizzard  exists,  there 


is  usually  also  a  '  croj)'  or  '  first 
stomach'  (which  is  rather  to  be 
regarded  as  a  dilatation  of  the 
lower  part  of  the  oesophagus),  into 
which  the  food  is  received  in  the 
fii'st  instance,  and  in  which  it  is 
probably  macerated  in  the  salivary 
fluid  before  being  subjected  to  the 
trituration  of  the  gizzard. 

149.  In  the  lower  Articulata, 
there  is  seldom  any  sj^ecial  re- 
ducing apparatus ;  in  the  Rotifera, 
however,  which  obtain  their  food 
(like  the  Bryozoa)  by  ciliary  action, 
we  find,  in.  place  of  a  gizzard,  a 
curiouspair  of  jaws  (Fig.  96,  e),  fur- 
nished with  sharp  hard  teeth,  and 
worked  by  a  complex  muscular 
apparatus;  these  are  situated  in 
the  jDharynx,  and  serve  to  divide 
the  larger  particles  as  they  pass 
downwards  to  the  stomach. 
Owing  to  the  transparency  of 
these  animals,  the  movements  of 
theii'  jaws  can  be  distinctly  seen, 
when  the  '  wheels '  are  in  action, 
and  are  driving  downwards  the 
particles  which  have  entered  the 
mouth. — In  the  Mandihvlate  hv- 
sects,  the  reduction  of  the  food,  as 
well  as  its  division  and  ingestion,  is 
partly  performed  by  the  jaws,  and 
the  mouth  is  usually  furnished  with  salivary  glands ;  but  many  insects  are 
also  provided  with  a  gizzard,  which,  as  in  the  cases  already  alluded-to,  does 
*  The  Author  once  met  with  an  entire  phcll  of  Pandora  rostrata  in  tlie  gizzard  of  a  Bulla. 


lioiifer  vulgaris,  as  seen  at  a  with  the  wheels 
drawn-in,  and  at  b  with  the  wheels  expanded  : — 
a,  month  ;  h,  eye-spots  ;  e,  wheels ;  d,  siphon ; 
e,  iaws  and  teeth ;  f,  ahnientary  canal ;  g,  glan- 
diiiar(P)  mass  inclosing  it;  7^,  longit-udinal  muscles  ; 
i,  i,  tubes  of  water- vascular  system ;  k,  young  ani- 
mal j  I,  cloaca. 
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not  act  upon  the  food  until  it  has  been  received  into  the  crop.  In  many  of 
the  hicrher  Crustacea,  notwithstanding  theii-  conxplex  buccal  apparatus,  the 
stomach  is  ftirnished  with  a  powerfvil  set  of  teeth,  affixed  to  a  complicated 
framework  which  is  worked  by  powerful  muscles,  so  as  to  constitute 
very  efficient  reducing  instruments.  Among  the  mandibulate  Articulata, 
salivary  glands  are  almost  invariably  found  opening  either  into  the  mouth, 
pharynxror  oesophagus ;  but  sometimes  the  stomach  itself  is  clothed  with 
cjeca,  that  appear  to  have  a  similar  character.-Of  that  dental  reducing 
apparatus,  which  is  so  especially  characteristic  of  the  Vertebrata,  some 
notice  has  akeady  been  taken  (§§  60,-64,  72);  it  may,  however,  be  here 
remarked  that  the  bones  surroimding  the  mouth  are  far  more  copiously 
set  with  teeth  in  Fishes,  than  they  are  in  the  higher  animals,  for  there  is 
scarcely  any  one  of  these  bones  that  is  not  furnished  with  them  m  some 
tribe  or  other,  and  they  sometimes  all  bear  them  at  once;  among  Rep- 
tiles they  present  themselves  on  the  palatine  and  pterygoid  bones  and 
the  vomer,  though  they  are  limited  to  the  jaws  in  Sauria;  and  with  the 
higher  specialization  which  the  dental  apparatus  acquires  in  Mammals, 
we  find  it  always  restricted  to  the  jaws  alone.  In  the  class  of  Birds,  the 
deficiency  of  teeth  is  supplied  by  an  adaptation  of  the  stomach  for 
mechanical  reduction,  that  carries  us  back  to  the  plan  so  common  among 
the  Invertebrata.  There  is  this  curious  distraction,  however,  that  the 
gizzard  succeeds,  instead  of  preceding,  the  proper  gastric  cavity  (Fig.  1 05,  d);  loj 
the  food  being  not  only  entkely  macerated  in  the  salivary  and  other  / 
secretions  furnished  by  the  crop,  but  also  impregnated  with  the  proper 
gastric  fluid,  before  it  is  subjected  to  the  triturating  action  of  the  gizzard. 

150.  Although  in  the  Marmnalia  the  reducing  apparatus  is  limited  to 
the  mouth,  yet  the  stomach  frequently  presents  a  complex  arrangement, 
of  which  the  purpose  seems  to  be  to  favour  the  mechanical  reduction  of 
the  food,  and  its  impregnation  with  fluid,  before  it  is  subjected  to  the 
true  digestive  process.  The  most  remarkable  example  of  this  kind  is  pre- 
sented in  the  group  of  Rimnina/ntia,  in  which  the  stomach  is  subdivided 
into  fom-  distinct  cavities ;  the  first  two  of  these,  however,  being  rather 
dilatations  of  the  oesophagus,  than  parts  of  the  stomach  itself    The  solid 
food,  on  its  first  passage  down  the  oesophagus  in  a  crude  unmasticated 
state,  enters  the  large  cavity  termed  the  ingluvies  or  '  paunch  '  (Fig.  97,  b), 
wliich,  like  the  crop  of  Birds,  serves  as  a  temporary  receptacle  for 
it,  and  moistens  it  with  the  fluid  secreted  from  its  walls;  the  liquid 
swallowed,  on  the  other  hand,  seems  to  be  specially  directed  into  the 
second  cavity  (c),  which   is   termed  the  reticulum  or    '  honeycomb- 
stomach  '  from  the  reticulated  appearance  of  its  interior,  occasioned 
by  the  irregular  folding  of  its  internal  membrane.     It  is  here  that 
the  peculiar  provision  of  '  water-cells '  is  found,  for  which  the  Camel 
has  long  been  so  celebrated,  but  which  exists  in  a  greater  or  less  degree 
in  aU  the  Ruminants.    These  cells,  which  are  the  spaces  between  the 
deepest  reticulations,  are  bounded  by  muscular  fasciculi;  by  the  con- 
traction of  one  set  of  which  their  orifices  may  be  closed  and  their  contents 
retained;  whilst  by  that  of  another  set,  the  fluid  they  contain  may  be 
expelled  into  the  general  cavity  of  the  stomach.    After  remaining  there 
until  sufficiently  impregnated  with  fluid,  the  solid  matters  wliich  have 
passed  into  tlie  first  and  second  stomachs  are  returned  at  intervals, 
in  the  form  of  little  balls  or  pellets,  to  the  mou.th ;  where  they  undergo  a 
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Fig.  97. 


stomach  of  Sheep  ; — a,  cesophagus ;  h,  ingluvies,  or  patmch ;  c,  reticulum, 
or  honeycomb-stomach ;  d,  omasum,  or  many-plies ;  e,  abomasum,  or  reed ; 
/,  pylorus. 


Fig.  98. 


thorough  mastication,  and  are  completely  incorporated  with  salivary  fluid. 

When  finally  swal- 
lowed, the  food  is 
directed,  in  the 
manner  to  be  pre- 
sently described, 
into  the  third  sto- 
mach (d),  the  oma- 
sum, commonly 
called  the  '  many- 
plies'  from  the  pe- 
culiar manner  in 
which  its  lining 
membrane  is  dis- 
posed ;  this  pre- 
sents a  number  of 

folds,  lying  nearly  close  to  each  other  like  the  leaves  of  a  book,  but  all 
directed  by  their  free  edges  to  the  centre  of  the  tube,  a  nan-ow  fold 

intervening  between  each  pair  of 
broad  ones.  The  food,  now  re- 
duced to  a  pulpy  state,  has  there- 
fore to  pass  over  a  large  surface, 
before  it  can  reach  the  outlet  of 
that  cavity;  which  leads  to  the 
abomasum  or  fourth  stomach  (e). 
commonly  called  the  reed.  This 
is  the  seat  of  the  true  process  of 
digestion,  the  gastric  fluid  being 
secreted  from  it  alone;  and  it  is 
from  this  part  of  the  calf's  stomach 
that  the  '  rennet '  is  taken,  which 
derives  its  extraordinary  power  of 
coagulating  milk  from  the  organic 
acid  it  contains.  In  the  sucking 
animal,  the  milk  which  forms  its 
nourishment  passes  directly  into 
this  stomach ;  the  aperture  leading 
to  the  first  and  second  being 
closed,  and  the  folds  of  the  third 
adhering  together  so  as  to  form  a 
narrow  xmdivided  tube.  —  The 
direction  of  the  food  into  one  or 
another  of  these  cavities  appears 
to  be  effected  without  any  volun- 
tary efibrt  on  the  part  of  the 
animal  itself,  but  to  result  simply 
from  the  very  peculiar  endoAV- 
ments  of  the  lower  part  of  the 
ffisojihagU-S.  This  does  not  entirely 
terminate  at  its  opening  into  the 
first  stomach  or  paunch,  but  it  is 


Section  of  part  of  the  Stomach  of  the  Sheep,  to 
show  the  demi-canal  of  the  oesophagus;  the  mu- 
cous membrane  is  for  the  most  part  removed,  to 
show  the  arrangement  of  the  muscular  fibres— At 
a  is  seen  the  termination  of  the  oesophageal  tube, 
the  cut  edge  of  whose  mucous  membrane  is  shown 
at  b.  The  lining  of  tlie  first  stomach_  is  shown  at 
c,  c;  and  the  mucous  membrane  of  the  second 
stomach  is  seen  to  be  raised  from  the  subjacent 
fibres  at  d.  At  e,  e,  the  lips  of  the  demi-canid  nre 
seen  bounding  the  groove,  at  the  lower  end  of 
which  is  the  entrance  to  the  third  stomach  or 
many-pUes. 
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conbinued  onwards  as  a  deep  groove  with  two  lips  (Fig.  98) :  by  the  closm-e 
of  these  lips  (e,  e)  it  is  made  to  form  a  tube,  which  serves  to  convey  the  food 
onwards  into  the  third  stomach;  but  when  they  separate,  the  food  is  allowed 
to  pass  either  into  the  first  or  the  second  stomach.  When  the  food  is  first 
swaUowed,  it  has  undergone  but  very  Httle  mastication ;  it  is  consequently 
firm  in  its  consistence,  and  is  brought  down  to  the  termination  of  the 
CBSophagus  in  dry  bulky  masses.  These  separate  the  lips  of  the  groove 
or  demi-canal,  and  pass  into  the  first  and  second  stomachs.  After  they 
have  been  macerated  in  the  fluids  of  these  cavities,  they  are  returned  to 
the  mouth  by  a  reverse  peristaltic  action  of  the  oesophagus;  this  return 
takes  place  in  a  very  regular  manner,  the  food  being  shaped  into  globular 
pellets  by  compression  within  a  sort  of  mould  formed  by  the  ends  of  the 
demi-canal,  di-awn  together,  and  the  pellets  being  conveyed  to  the  mouth 
at  regadar  intervals,  apparently  by  a  rhythmical  movement  of  the 
oesophagus.  After  its  second  mastication,  it  is  again  swallowed  in  a 
pulpy  semi-fluid  state;  and  it  now  passes  along  the  groove  which  forms 
the  contiauation  of  the  oesophagus,  without  opening  its  lips ;  and  is  thus 
conveyed  into  the  third  stomach,  whence  it  passes  to  the  fourth.  Now 
that  the  condition  of  the  food  as  to  bulk  and  solidity,  is  the  circumstance 
which  determines  the  opening  or  closure  of  the  lips  of  the  groove,  and 
wliich  consequently  regulates  its  passage  into  the  first  and  second  stomachs, 
or  into  the  thii-d  and  fourth,  appears  from  the  experiments  of  Flourens;* 
who  found  that  when  the  food,  the  first  time  of  being  swallowed,  was 
artificially  reduced  to  a  soft  and  pulpy  condition,  it  passed  for  the  most 
part  along  the  demi-canal  into  the  third  stomach,  as  if  it  had  been 
'  ruminated,' — only  a  small  portion  finding  its  way  into  the  first  and 
second  stomachs. 

151.  Digestive  Apparatus. — We  have  now  to  trace-out  the  principal 
forms  under  which  the  proper  Digestive  apparatus  presents  itself  in  the 
difierent  classes  of  animals ;  and  the  mode  in  which  it  operates.  Putting 
aside  that  of  the  Protozoa,  which  has  been  already  considered  (§  139),  the 
simplest  of  all  its  conditions  is  that  under  which  we  find  it  in  the  Hydra, 
Actinia,  and  other  solitary  Zoophytes.  Thus  in  the  Hydra  (§  38),  it  will 
be  remembered,  the  stomach  occupies  the  whole  of  the  cavity  enclosed  by 
the  outer  walls ;  and  the  membrane  with  which  it  is  Uned  is  so  completely 
identical  with  that  which  forms  the  external  integument,  that  the  one 
may  be  made  to  take  the  place  of  the  other  without  any  injury  to  the 
animal.  Yet  it  is  obvious  that  a  powerfully-solvent  fluid  is  secreted 
from  the  walls  of  the  gastric  cavity;  for  the  soft  parts  of  the  food  which 
is  dra\yn  into  it  (usually  in  a  living  state)  are  gradually  dissolved,  and 
this  without  the  assistance  of  any  mechanical  tritiu'ation ;  whilst  the 
hard  parts  are  ejected  again  by  the  orifice  through  which  they  were  in- 
troduced. The  product  of  this  operation  appears  to  be  absorbed  from 
the  lining  of  the  digestive  sac,  by  the  whole  of  the  tissue  which  surrounds 
it;  and  to  be  conveyed  into  the  tentacula  (which  are  the  only  parts  not 
in  immediate  relation  with  the  digestive  cavity)  by  interstitial  lacunar 
left  for  that  purpose. — In  the  compound  Hydroida,  on  the  other  hand, 
the  lower  part  of  the  digestive  sac  of  each  polype  is  prolonged  into  a 
tube,  which  communicates  with  similar  prolongations  from  other  polypes, 

*.",^"o°;„'^®'  ^"^^  '^^^^  "Mcmou-os  de  Pliysiologie  Com- 

paree,    1843.  ° 
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30  that  the  stem  and  branches  of  the  entire  arborescent  structure  contain 

a  continuation  of  the 
gastric  cavities  of  the 
several  polyj^es  which 
they  bear  (Fig.  99) ;  and 
the  fluid  that  has  been 
prepared  by  the  diges- 
tive operations  of  the 
latter,  passes  through 
the  aperture  at  the 
lower  extremity  of  each 
(wliich  is  guarded  by  a 
sphincter  muscle),  and  is 
received  into  the  system 
of  ramifying  tubes,  which 
may  be  considered  as  an 
extension  of  the  diges- 
tive cavity  throughout 
the  general  structure,  for 
the  purpose  of  conveying 
to  every  portion  of  it,  and 
especially  to  such  parts 
as  are  undergoing  in- 
crease by  the  formation 
of  new  branches  or  po- 
lype-cells, the  materials 
prepared  for  nutrition. 
Through  this  system  of 
canals,  the  contained 
fluid  has  been  observed 
to  move  with  consider- 
able regularity,  and  in 
a  manner  that  cannot 
be  accounted  -  for  by 
any  mechanical  agency 
communicated  by  the 
contraction  of  the  sto- 
machs of  the  polypes. 
Thus,  when  the  stem 
and  branches  of  a  living 
Sertularia  are  examined 
a  current  of  granular 
which,  after  continuing 
sets  in  the 


Campanularia  gelatinosa;  A,  upper  part  of  the  stem  and 
branches,  of  the  natural  size  : — B,  a  small  portion  eiilareed,  shovT- 
ing  the  structure  of  the  animal ; — a,  terminal  branch  hearing 
poljTpes ;  b,  polype-bud  partially  developed ;  c,  horny  cell,  con- 
taining the  expanded  polj'pe  d  ;  e,  ovarian  capsule,  containing 
medusiform  gemmue  in  various  stages  of  development ;  /,  fleshy 
substance  extending  through  the  stem  and  branches,  and  con- 
necting the  different  polype-cells  and  ovarian  capsules ;  g,  an- 
nular constrictions  at  the  base  of  the  branches. 


changes  and 


with  a  sufficiently  high   magnifying  power, 
particles  is  seen  moving   along  the  axis; 
one  or  two  minutes  in  the  same  direction, 

opposite  one,  in  which  it  continues  about  as  long,  and  then  resumes 
the  first ;  thus  alternately  flowing  down  the  stem  to  the  extremities  of 
the  branches,  and  back  again.  The  change  of  direction  is  sometimes 
immediate ;  but  at  other  times  the  particles  are  quiet  for  a  while,  or 
exhibit  a  confused  whirling  motion  for  a  few  seconds,  before^  it  takes 
place.  The  current  extends  into  the  stomachs  of  the  polypes  ;  in  which, 
as  well  as  in  their  orifices,  a  continual  agitation  of  particles  is  perceptible. 
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When  these  paa-ticles  are  allowed  to  escape  from  a  cut  branch,  they 
exhibit  for  a  time  an  apparently  spontaneous  motion.  No  contraction 
of  the  tube,  any  more  than  of  the  stomach,  seems  concerned  in  the  pro- 
duction of  the  currents;  and  their-  rapicUty  and  constancy  appear  inti- 
mately connected  with  the  activity  of  the  nutritive  processes  taking 
place  in  the  parts  towards  which  they  are  directed,  the  predominant 
'  set'  of  the  cui-rent  being  towards  any  portion  which  is  undergoing  develop- 
ment, and  away  from  any  part  which  exhibits  a  diminution  or  loss  of 
vitality.  In  the  T'uhularia,  in  which  the  polype-bearing  stem  ramifies 
but  little,  or  not  at  all,  and  is  sometimes  divided  by  nodes  or  partitions 
somewhat  resembHng  those  of  the  Gliara  (chap,  viil),  the  movement  of 
fluid  very  strongly  resembles  that  which  is  seen  in  that  plant ;  for  the 
cim-ent  passes  down  one  side,  crosses  the  septum,  and  then  ascends  the 
other  side,  following  a  somewhat  spiral  line  of  particles  deposited  on  the 
walls  of  the  tube.* 

152.  The  condition  of  the  digestive  apparatus  in  the  Actiniform  and 
Alcyonian  Zoophytes,  does  not  essentially  diifer  from  that  just  described; 
save  in  the  fact  that  the  stomachal  sac  does  not  occupy  more  than  the  cen- 
tral portion  of  the  body,  being  surrounded  by  a  visceral  cavity  which  is 
subdivided  by  l-adiating  partitions  into  chambers  containing  the  generative 
apparatus.  With  this  visceral  cavity  the  stomach  communicates,  alike  in 
the  Actiniat  and  in  the  Alcyonium,  by  a  circular  orifice  at  its  base 
(Fig.  100,  fZ),  which  is  surrounded  by  a  muscular  sphincter;  and  thus 
the  fluid  product  of  digestion,  together  with  water  introduced  for  the 
jiurpose  of  respiration,  can  pass  freely  from  the  stomach  into  the  sur- 
rounding chambers,  and  into  the  cavities  of  the  tentacula.  In  most 
sjDecies  of  Actinia  (if  not  in  all),  the  tentacula  have  pores  at  their  ex- 
tremities; and  the  broad  leaf-like  tentacula  of  the  Alcyonia  have  pores 
in  the  papillse  which  fringe  them.  These  pores  can  scarcely  be  regarded  in 
the  light  of  anal  orifices,  the  indigestible  parts  of  the  food  swallowed  by 
these  animals  (such  as  the  shells  of  crabs  and  moUusks)  being  rejected  by 
the  mouth. — In  the  composite  Helianthoid  Zoophytes,  the  several  polypes, 
whilst  framed  on  the  same  general  plan  with  the  Actinia,  communicate 
with  each  other  more  or  less  freely  by  orifices  and  passages  between  their 
respective  visceral  cavities.  In  the  Zoanthidce,  whose  polypes  are  com- 
paratively isolated,  this  communication  is  established  by  a  stalk-like  pro- 
longation from  the  base  of  each,  almost  as  in  the  compound  Hydroida. 
But  in  the  compound  Fungim,  Astrece,  Meandrince,  and  other  Zoophytes, 
whose  associated  polypes  encase  stony  lameUiform  corals,  the  connection 
is  formed  by  numerous  lateral  openings :  and  where  the  polypes  are  sepa- 
rated by  intervening  fleshy  tissue,  these  openings  form  a  system  of 
passages  through  it,  which  must  be  regarded  as  continuations  of  the 
visceral  cavities  of  the  Polypes  themselves.     So  intimate  in  many 

*  See  the  Memoir  of  Mr.  Lister  '  On  tlie  Structure  and  Functions  of  Tubular  and 
CeUulai-  Polypi,'  in  "  Pliilos.  Transact.,"  1834  ;  and  that  of  Prof.  Allman  '  On  Cordylo- 
phora  lacustris,'  in  "  Philos.  Transact.,"  1853. 

t  In  the  previous  editions  of  this  work,  it  was  inadvertently  stated  that  the  stomach  in 
the  Actiniais  closed  at  the  bottom.  All  recent  investigators,  however,  agree  in  afiii-ming 
that  a  definite  communication  exists  between  the  stomach  and  the  visceral  cavity,  though 
the  orifice  is  frequently  of  small  size.  The  earliest  description  of  this  structure  which  the 
Author  has  met  with,  is  contained  in  Mr.  Teale's  '  Observations  on  the  Anatomy  of  Actinia 
Conacea,'  in  the  "Trans,  of  the  Leeds  PhUos.  Soc,"  Vol.  I.,  1836. 
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mstauces  is  the  connection  thus  formed,  that  the  "  adjacent  polypes  have 
scarcely  anything  but  a  mouth  that  can  be  said  to  be  private  property."* 
Hence  the  transition  is  easy  to  the  Alcyonian  or  Asteroid  Zoophytes, 
among  which  the  general  cavity  of  the  body  (Fig.  100,  e),  into  which  the 

stomach  of  each  Polype 
Fia.  100.  opens  at  its  base,  commimi- 

cates  so  freely  with  that  of 
other  polypes  of  the  same 
polypidom,  that  the  whole 
assemblage  forms  a  system 
of  canals  extendingthrough 
the  mass,  very  much  after 
the  manner  of  those  of  a 
sponge. — This  kind  of  com- 
munication results,  in  all 
the  foregoing  cases,  fi-om 
the  extension  of  the  fabric 
by  gemmation;  the  visceral 
cavity  of  each  newly  formed 
part  being  an  offset  from 
that  of  a  previously  exist- 
ing polype;  and  the  con- 
nection, which  is  at  fii'st 
extremely  free,  being  never 
entirely  closed. 

153.  The  conformation 
of  the  digestive  apparatus 
among  the  Acalephce  does 
not  present  any  decided 
advance  upon  the  Zoo- 
phytic  type.  In  the  lower 
'  composite'  forms  of  this 
group,  the  jjlan  of  struc- 
tm-e  is  essentially  the  same 
as  in  the  Compound  Hy- 
droida;  the  stomachal  cavities  of  the  several  polypoid  bodies  being 
in  free  communication  with  each  other.  In  the  Medusce  and  theii- 
allies,  however,  we  find  an  arrangement  which  more  reminds  us 
of  the  Actiniform  type.  From  the  central  stomach,  which  is  gene- 
rally imbedded  in  the  substance  of  the  disk,  but  sometimes  hangs 
down  from  its  highest  point  Like  a  pedicle,  a  set  of  radiating  canals 
pass  off  towards  the  edge  of  the  disk,  where  they  usually  communicate 
with  a  marginal  vessel.  The  simplest  arrangement  of  these  'gastro- 
vascular  canals'  is  seen  in  the  'naked-eyed'  Medusse  (Fig.  93),  in  which 
they  are  usually  only  four  in  number,  and  never  anastomose  with  each 
other.  In  the  '  hooded-eyed'  Medusse,  the  radiating  canals  ai'e  more  nume- 
rous at  their  central  commencement,  and  theii-  number  is  further  greatly 
increased  by  subdivision  towards  the  margin  of  the  disk  (Fig.  36); 

*  See  Dana  "On  the  Structure  and  Classification  of  Zoophytes,"  PhUadelphia,  1846; 
pp.  45—48. 


Terminal  portion  of  Alcyonian  polype,  considerably  en- 
larged, and  laid  open  (a)  longitudinally,  (b)  transversely,  to 
show  the  interior  structure ; — a,  tentacula ;  b,  mouth ;  c,  sto- 
mach; d,  its  inferior  opening  into  the  general  ca\nty,  of  which 
the  upper  part  is  seen  at  e ;  /,  longitudinal  partitions  travers- 
ing the  space  between  the  stomach  and  the  external  parietes  ; 
/',  prolongations  of  these,  as  folds  in  the  wall  of  the  general 
cavity  ;  g,  canals  surrounding  the  stomach,  and  communicating 
vrith  the  cavity  of  the  tentacula ;  g',  one  of  the  tentacula  laid 
open ;  h,  groups  of  spicules  situated  at  the  base  of  the  tenta- 
cula J  Jc,  filiform  appendices. 
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Fig.  101. 


frequently,  too,  they  anastomose  with,  each  other,  especially  in  their 
peripheral' portion;  and  sometimes  the  anastomosis  is  so  free,  that  this 
system  of  prolongations  from  the  stomach  forms  a  complete  vascular  net- 
work near  the  margin  of  the  disk  (Fig.  92).— A  series  of  apertm-es  com- 
municating between  the  marginal  vessel  and  the  external  surface,  has 
been  described  by  Prof  Ehrenberg  in  Gyanoia  aurita  (Fig.  36,  e,  e);  but 
the  existence  of  these  is  doubtful.  Should  they  be  reaUy  present,  they 
Avoxdd  not  be  more  entitled  to  be  regarded  as  '  anal  pores,'  than  are  the 
orifices  of  the  tentacula  of  Actinise.  In  fact,  the  gastro-vascular  system 
of  Medusse  may  be  likened  to  the  radiating  chambers  into  which  the 
visceral  cavity  of  Actinia  is  subdivided;  the  chief  difference  being,  that 
its  cavities  ai-e  lengthened-out  in  accordance  with  the  expansion  of  the 
disk.  There  are  links  of  connection,  in  fact,  which  establish  the  transi- 
tion from  one  form  to  the  other. 

154.  The  same  type  is  exhibited  under  a  higher  form  and  more  com- 
plete development,  in  the  Digestive  apparatus  of  some  of  those  more 
elevated  members  of  the  E-adiated 
series,  which  constitute  the  class 
jEchinodermata.  In  the  Ophiurida 
(Fig.  8)  SindAsteriada{¥ig.  37),  the 
gastric  cavity  is  still  a  single  sac, 
occupying  the  centre  of  the  body, 
and  furnished  with  but  one  orifice, 
through  which  food  is  drawn  in, 
and  indigestible  or  fsecal  matter  is 
ejected.  But  the  sac  is  now  com- 
pletely cut  off  from  the  general 
cavity  of  the  body,  in  which  it  is 
freely  suspended.  In  the  caecal  pro- 
longations of  the  central  stomach 
of  the  Asterias,  and  in  the  abun- 
dance of  the  cells  which  line  them, 
we  find  the  first  manifestation  of 
special  glandular  organs  for  the 
elaboration  of  the  fluids  required 
in  the  digestive  processes,  though 
the  precise  natiu-e  of  these  is  as  yet 
unknown.  The  proper  digestive 
apparatus  appears  to  be  limited  in 
the  Star-fish,  as  in  the  Ophiura,  to 
the  central  cavity ;  and  being  re- 
moved by  a  considerable  interval 
from  other  parts  of  the  body,  it 
does  not  here  directly  convey  the 
nutritious  food  to  the  tissues  wliich 
make  use  of  it;  and  the  interven- 
tion of  a  set  of  vessels  becomes  structure  of  PolmeUs  levigatus  (one  of  the  Pla- 
•  r  1  ,.  ,     nariffi)  : — a,  mouth,  surrounded   by  its  circular 

lequiSlte,   tor  its  absorption   and     sucker;  J,  buccal  cavity;  e,  CBSophageal  orifice; 

transmission    to   distant   parts.   'i,  .stomach;   e   ramifications  of  gastric  canals  i 

m,  , .  .         ,  .  ,     /.  cephaho  gaugha  and  their  nervous  filaments  ; 

1  ne    peculiar    manner  m   which     g>  g,  testes  ;  h,  vesicula  seminalis ;  i,  male  genital 

the  lowest  members  of  thp  Ar  pi^naj.;  ^.  ^.  oviducts  ;i  dilatation  at  their  point  of 
uuc  iuwcsu  mwmuBis  ui  me  J\X-    jimotion ;  ot,  female  gemtal  orifice. 
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ticulated  series,  constituting  the  Cestoid  tribe  of  Entozoa,  obtain  their 
nutriment,  renders  it  unnecessary,  as  already  remarked  (§  138),  that 
they  should  be  furnished  with  a  digestive  cavity;  and  in  the  liigher 
group  of  Trematoda,  as  also  in  the  tribe  of  Flanarice,  which  (if  not 
actually  included  within  it)  is  closely  allied  to  it,  we  still  find  tlie 
stomach  furnished  with  but  a  single  orifice  (Fig.  101,  a),  which  must 
serve  equally  as  mouth  and  anus.  It  is  a  remarkable  feature  in 
the  structm-e  of  these  animals,  that  from  their  principal  stomach  (d),  a 
series  of  ramifying  cseca  are  prolonged  through  the  whole  substance 
of  the  body.  These  do  not  lie  loosely  in  a  visceral  cavity,  but  seem 
channelled  out,  as  it  were,  in  the  midst  of  solid  parenchyma;  but  it  Ls 
afiii-med  by  Quatrefages  that  a  visceral  cavity  really  exists,  and  that 
the  digestive  sac  is  tied  to  its  walls  by  bands  and  filaments  inter- 
lacing in  every  direction,  so  as  to  form  a  kind  of  areolar  tissue 
that  fills  up  the  intervening  space. — On  nearly  the  same  grade  with 
the  preceding,  as  regards  the  conformation  of  its  digestive  appai-atus,  we 
may  place  the  curious  Rotiferous  Animalcule,  of  which  the  male  has  been 
already  noticed  as  entirely  agastric  (§  137):  for  the  female  possesses 
neither  intestine  nor  anal  orifice,  and  must  eject  the  indigestible  particles 
of  food  through  its  mouth.  These  are  the  only  known  instances  among 
the  Articulata,  in  which  the  digestive  cavity  has  but  one  orifice. — No 
conformation  of  a  similar  kind  is  ever  met- with,  either  in  the  Molluscous 
or  in  the  Yertebrated  series. 

155.  "We  have  now  to  glance  at  those  higher  forms  of  the  digestive 
apparatus,  in  which  a  second  orifice  or  '  anus'  is  present,  for  the  discharge 
of  indigestible  or  faecal  matters ;  and  this,  as  we  shall  see,  is  by  far  the 
most  general  plan  of  conformation.  Although  this  orifice  may  externally 
be  situated  in  the  neighbourhood  of  the  mouth,  yet  it  always  communi- 
cates with  the  part  of  the  digestive  cavity  that  is  most  remote  fi-om  it; 
this  cavity  being  usually  more  or  less  prolonged  in  the  form  of  a  tube. 

Fig.  102. 


A,  Cydippe  pileus.—n,  Beroe  Forskalii,  showing  the  tubiUar  prolongations  of  the  stomach. 

The  lowest  animals  which  present  this  great  advance  in  the  type  of  confor- 
mation, are  the  Ciliograde  Acalephw  (Fig.  102),  which  in  this  important 
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particiilar  differ  widely  from  the  rest  of  their  class,  so  that  some  Zoologists 
remove  them  from  it  altogether.  As  in  the  Medusas,  we  find  the  deficiency 
of  blood-vessels  suppHed  by  tubular  prolongations  of  the  gastric  cavity  (b), 
extend  themselves  into  the  substance  of  the  tissues,  and  which 
to  them  the  materials  for  their  growth  and  renovation.    In  the 


Fia.  103. 


B 


n 


convey  . 

Cydippe  (a)  we  see  the  first 
indication  of  that  division 
between  the  '  stomach'  and 
'  intestinal  canal,'  which  be- 
comes so  much  more  obvious 
and  important  in  the  higher 
classes.  This  division  is  by  no 
means  well  mai-ked,  however, 
even  in  the  highest  Radiata; 
the  alimentary  canal,  which 
commences  with  the  mouth 
and  terminates  at  the  anus, 
being  of  nearly  uniform  size 
throu-ghout,  and  apparently 
of  similar  endowments ;  as  we 
see  in  the  Echinus  (Fig.  95), 
and  the  Holothuria  (Fig.  40.) 
In  the  Nematoid  Entozoa, 
again,  the  same  uniformity 
presents  itself  (Fig.  52) ;  and 
it  is  ciu'ious  to  observe  this 
almost  exactly  repeated  in 
the  Serpent  tribe,  whose  or- 
ganisation is  so  much  higher ; 
but  the  prolongation  and  uni- 
formity of  whose  body  seems 
to  necessitate  a  somewhat 
similar  conformation  of  the 
alimentary  canal.  Even  in 
the  Annelida,  the  same  gene- 
ral plan  is  continued  with  but 
little  modification;  the  ali^ 
mentary  canal  passing  in  a 
straight  line  from  one  ex- 
tremity to  the  other,  without 
distinction  of  stomach  or  in- 
testine (Fig.  10.3);  but  from  its  sides  we  find  csecal  prolongations  ex'- 
tendmg,  sometimes  as  a  single  pair  of  prolonged  tubes  (c,  h\  sometimes 
as  mere  saccuh  m  the  walls  of  the  stomach  (b,  h),  and  sometimes  as  a 
multiplied  and  extended  series  of  appendages  (a,  d),  which  seem,  like 
the  radiating  caeca  of  the  Asterias,  to  be  rather  glandular  in  their 
character,  than  destined  to  admit  the  passage  of  food  into  them 

156.  From  these  forms  we  might  gradually  ascend  towards  the  more 
complex  digestive  apparatus  of  Insects  and  Crustacea:  but  we  shall  first 
revert  to  that  of  the  lowest  Mollusca,  as  the  simplest  case  in  which  the 
division  of  the  canal  into  stomach  and  intestine  is  clearly  marked  out 


DigestiTe  apparatus  of  Annelida  .—a,  Aphrodite  acit- 
leata;  a,  mouth;  b,  flesliy  proboscis;  e,  central  portion 
01  digestive  tube,  representing  the  stomach;  d,  lateral 
appendages;  e,  a,nm.—-B,  Scemopis  vorax ;  a,  mouth- 
b,  lateral  sacculi  of  the  stomach ;  c,  two  large  terminal 
caica;  d,  int&iime -.—c,  Aulostoma  nigrescens;  o,  mouth  • 
b,  oseoa ;  c,  intestine. 
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This  is  well  seen  in  the  Bryozoa  (Fig.  49),  in  which,  as  in  the  Hydra,  the 
whole  process  of  digestion  may  be  watched,  owing  to  the  transparency  of 
the  tissues  of  the  animal.  The  digestive  stomach  (c)  is  here  separated 
from  the  comparatively  narrow  intestinal  tube,  by  a  valvular  orifice  (/), 
or  true  '  pyloms and  whilst  the  whole  process  of  solution  takes  place 
in  the  former  division  of  the  canal,  whose  walls  are  beset  with  secreting 
follicles  Qi)  that  pour  forth  a  bile-like  fluid,  the  latter  seems  to  have  little 
to  do,  save  to  convey  to  the  anal  orifice  (^)  at  the  mouth  of  the  poly|)e- 
cell  the  excrementitious  particles  which  are  to  be  ejected  from  it.  The 
same  essential  type  is  retained  through  the  whole  of  the  Molluscous 
sexies :  the  piincipal  advance  being  shown  (Fig.  50)  in  the  higher  deve- 
lopment of  the  liver,  by  the  withdrawal  of  its  follicles  from  the  parietes 
of  the  stomach,  and  by  their  aggregation  into  distinct  glands  which  dis- 
charge their  secretion  into  the  upper  pai-t  of  the  intestinal  tube;  in  the 
development  of  a  iTidimentary  pancreas  (in  the  Cephalopoda) ;  and  in 
the  increased  length  given  to  the  intestinal  portion  of  the  tube,  which 
usually  makes  several  '  convolutions'  before  it  finally  terminates  at  the 
anus. — The  same  is  the  mode  of  advance  which  presents  itself  in  the 
higher  Articulata ;  among  which  the  digestive  apparatus  of  the  Cmstacea 
(Fig.  58,  c,  d,  e)  presents  the  greatest  resemblance  to  that  of  Mollusca, 
whilst  that  of  Insects  (Fig.  67,  c,  d,  e)  is  remarkable  for  the  very  low 
grade  of  development  of  the  liver,  which  only  makes  its  appearance  in  the 
form  of  a  small  munber  of  csecal  tubuli  (/,  /)  discharging  their  contents 
into  the  intestine.  As  yet  no  distinction  between  the  '  small'  and  the 
'  large'  intestine  presents  itself;  this  being  only  manifested  fuUy  in  the 
higher  Yertebrata. 

157.  It  is  interesting  to  observe  that,  among  the  higher  tribes  of  both 
the  MoUuscous  and  the  Articulated  sub-kingdoms,  we  should  find  examples 
of  reversion  to  that  lower  type  of  confonnation  of  the  digestive  appa- 
ratus, which  is  manifested  in  its  extension  into  caecal  prolongations  that 
radiate  into  pai-ts  of  the  body  remote  from  the  proper  digestive  sac,  and 
in  the  diffusion  of  the  glandular  apparatus  over  the  whole  or  the  greater 
part  of  their  surface.  This  is  the  case  with  the  Nudihranchiate  Gastero- 
pods  (Fig.  104),  in  which  the  alimentary  canal  sends  off  as  many  cseca  as 

Fig.  104. 


Eolia  Inca,  a  NudibrancMate  Gasteropod. 


that  of  the  Planari(B  (Fig.  101),  each  one  of  them,  however,  termmatmg 
in  one  of  the  dorsal  papiU^e,  and  being  there  surrounded  by  a  group  oi 
hepatic  cells,  the  Uver  being  thus  subdivided  (so  to  speak)  amongst  them 
all^  So  among  the  Crustacea,  we  find  the  curious  group  oi  Pycnogo^nd^ 
especially  characterized  by  the  extension  of  the  chgestive  cavity  mto  the 
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articulated  membei-s,  almost  to  their  extremities  (Fig.  105),  and  by  the 
spreading-out  of  the  hepatic  cells  over  the  entire  surface  of  these  cseca ; 


FiQ.  105. 


Ammothenpycnoijonoides ; — a,  narrow  oesophagus; 
b,  stomacli :  e,  intestine ;  d,  digestive  cseca  of  the 
feet-jaws ;  e  e,  digestive  cjEca  of  the  legs. 


Digestive  apparatus  of  Mi/gale  : — 
a,  cephalic  ganglion ;  6,  bifurcated 
origin  of  oosophagus ;  c,  stomach  with 
lateral  casca  passing  into  the  limbs 
and  palpi ;  d,  portion  which  traverses 
the  abdominal  peduncle ;  e,  dilated 
intestine,  receiving  biliary  vessels ; 
y,  small  intestine ;  g,  csecal  enlarge- 
ment, receiving  the  urinary  vessels 
hf  h. 


and  it  is  peculiarly  worthy  of  note,  tha.t  -whilst  the  alimentary  matter 
passes  into  these  extensions,  and  is  conveyed  by  a  continual  fliix  and  re- 
flux through  them  (as  microscopic  observation  shows)  into  the  immediate 
neighbourhood  of  every  portion  of  the  body,  the  special  circulatiug  appa- 
ratus presents  its  very  lowest  grade  of  development  (§  231).  An  approxi- 
mation to  the  same  structure  is  seen  in  the  csecal  prolongations  of  the 
digestive  cavity,  which  pass  into  the  thoracic  members  of  the  Arachnida 
(Fig.  106,  c);  these,  however,  would  not  seem  to  possess  any  special  secret- 
ing function,  a  distinct  bUiaiy  apparattis  being  found  in  the  abdomen. 
But  iri  certain  Acaridce  we  return  to  a  condition  even  lower  than  that 
of  the  PycnogonidjB ;  the  parietes  of  the  csecal  prolongations  of  the 
digestive  cavity  not  being  distinctly  separable  from  the  tissues  around, 
and  not  even  the  rudiment  of  a  proper  circulating  apparatus  being 
distiiiguishabl  e. 

158.  The  digestive  apparatus  of  Vertebrated  animals  may  be  consi- 
dered as  carrying  onwards  the  general  plan  which  has  been  seen  to  pre- 
vail in  the  Molluscous  sub-kingdom.  Thus  in  Fishes,  there  is  usually  a 
well-marked  distinction  between  the  stomach  and  the  intestinal  tube;  the 
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liver  attains  a  liigli  development,  and  is  completely  witlulrawn  from  the 
parietcs  of  tlie  alimentary  canal;  and  the  pancreas,  also,  begins  to 
appear  as  a  distinct  gland,  instead  of  being  a  mere  collection  of  caeca 
clustering  around  the  digestive  cavity.  In  the  Amphioxus,  however,  we 
see  a  reversion  to  a  veiy  inferior  type;  the  digestive  portion  of  the 
alimentary  canal  (Fig.  127,  i,  i)  being  a  short  tube  of  nearly  uniform 
size  throughout,  which  commences  behind  the  phaiyngeal  respu-atory 
appai'atus,  aud  runs  backwards  almost  in  a  straight  line  to  the  anal 
orifice,  receiving  in  its  passage  the  fluid  discharged  by  the  simple  large 
Cfecum,  which  is  the  only  rudiment  of  the  liver.  In  the  Gydostomi 
the  stomach  is  merely  a  dilated  portion  of  the  tube,  wliich  lies  in  a 
straight  line  between  the  oesophagiis  and  the  intestine ;  but  in  nearly  all 
the  higher  Fishes,  both  Osseous  and  Cartilaginous,  it  forms  a  large 
cavity  (Fig.  126,  J  which  lies  out  of  the  course  of  the  alimentary  canal, 
and  is  adapted  to  retain  the  food  while  the  process  of  solution  is  being 
carried  on.  It  is  usually  separated  from  the  intestine  by  a  narrow 
*  pyloric'  orifice ;  and  it  is  also  generally  divided  from  the  oesophagus  by 
a  '  cardiac'  valve,  the  aperture  of  which,  however,  is  very  wide,  so  as  to 
admit  the  food  which  is  swallowed  in  an  imdivided  state,  and  does  not 
completely  prevent  its  regurgitation.  Indeed  it  seems  common  for  Fishes 
to  disgorge  the  shells  and  other  indigestible  parts  of  their  food  through 
their  mouths,  like  Polypes ;  and  there  are  some  (especially  of  the  Gm'iy 
tribe)  in  which  a  sort  of  rmnination  takes  place,  the  food  being  sent 
back  to  the  pharynx  to  be  masticated  by  the  pharyngeal  teeth,  and  then 
retiu-ning  to  the  stomach  to  undergo  its  final  digestion.  The  intestinal 
tube  is  usually  short  and  almost  destitute  of  convolutions,  as  well  as  of 
nearly  uniform  diameter  throughout,  so  that  the  distinction  between  the 
small  and  the  large  intestine  is  only  marked  (and  this  not  constantly)  by 
the  ileo-colic  valve.  The  surface  of  the  mucous  membrane  lining  the  canal 
is  considerably  extended,  however,  by  being  thrown  into  rugoi  or  wrinkled 
folds,  more  or  less  projecting;  these  in  the  Osseous  Fishes  have  seldom 
any  great  regularity  of  arrangement ;  but  by  the  great  projection  and 
spiral  continuity  of  one  of  these  folds,  the  real  length  of  the  intestuial 
tube  is  greatly  increased  in  the  higher  Cartilaginous  Fishes,  just  as  a 
spiral  staircase  is  much  longer  than  the  cyliadiical  cavity  witliin  which 
it  winds.  In  the  omnivorous  tadpoles  of  Batrachian  Reptiles,  the  alimen- 
tary canal  is  of  great  length,  and  forms  numerous  convolutions  in  the 
abdominal  cavity ;  but  the  stomach  is  narrow  and  elongated,  the  intes-  . 
tiaal  tube  is  of  nearly  equal  size  throughout,  and  the  boundary  between 
the  small  and  the  large  intestine  is  not  distinctly  marked.  This  condi- 
tion is  retained  in  many  of  the  Perennihranchiata ;  but  in  the  adidt 
condition  of  the  Frog  and  its  allies,  a  nearer  approach  is  exhibited  to 
the  character  presented  by  the  alimentary  canal  in  the  higher  Beptihs, 
most  of  which  are  carnivorous.  In  these  we  usually  find  the  gastric 
dilatation  larger,  and  more  completely  distinguished  from  the  intestinal 
tube;  although  the  intestine  is  relatively  much  shorter,  yet  the  extent 
of  its  mucous  surface  is  augmented  by  ruga)  and  villi;  and  the  smaU 
intestine  is  now  more  constantly  separated  from  the  colon,  by  a  valvular 
constriction.  It  is  in  the  vegetable-feeding  Tui-tles,  that  we  find  the 
intestinal  tube  possessing  the  greatest  length,  and  presenting  the  greatest 
difference  of  diameter  in  its  two  tUvisions;  and  in  most  of  these,  as  well 
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Fig.  107. 


as  in  some  other  Eeptiles,  the  large  intestine  lias  acajcal  dilatation  at  its 
commencement. 

159.  In  Birds,  the  length  of  the  alimentary  canal  varies  greatly  m 
the  different  families,  in  accordance  with  their  habitual  diet,  being 
greatest  in  the  granivorous  and 
fingrivorous  tiibes,  and  least  in  the 
pi-edaceoiis :  there  is,  however,  a 
certain  general  plan  of  conforma- 
tion, to  which  the  variations  may 
be  all  referred.  In  nearly  all  the 
members  of  this  class,  the  food  is 
delayed  in  a  recejitacle  formed  by 
the  dilatation  of  some  j^firt  of  the 
mouth,  phaiynx,  or  ceso^jhagus, 
before  it  passes  into  the  stomach  ; 
and  in  this  receptacle  it  sometimes 
undergoes  a  sort  of  preliminaiy 
digestion.  In  the  Pelican  we  find 
it  in  the  form  of  a  wide  pouch 
suspended  from  the  lower  jaw,  the 
two  halves  of  which  bone  are  not 
united  at  the  symphysis,  so  that 
the  pouch  is  enormously  dilatable ; 
in  the  Swift  and  other  birds  that 
catch  insects  on  the  wing,  a  similar 
disteiisibility  exists  in  the  mem- 
branous wall  of  the  fauces;  in 
the  Cormorant  and  other  fishing 
birds,  it  is  the  wide  oesophagus 
which  serves  as  the  receptacle; 
but  in  the  Granivorous  birds,  as 
well  as  in  many  others  which  take 
in  a  large  quantity  of  food  at  once, 
we  find  a  pouch  termed  the  '  crop' 
(Fig.  107,  b),  developed  from  the 
side  of  the  gullet,  into  which  the 
food  passes  when  it  is  first  swal- 
lowed, and  in  which  it  lies  for  some 
time ;  during  which  it  is  moistened 


Digestive  apparatus  of  Common  Fowl : — a,  coso- 


by  a  secretion  copiously  poured  out   P'^^g"^  ;      ™gluvies  or  crop  ;  c,  proveutriculus ; 

f^^-r^   1   1         IT  1      •     •,         11      rf,  gizzard ;  c,  liver ;/,  gall-bladder ;  o,  pancreas  : 

trom  glandular  follicles  m  its  WaUs,    h,  duodenum ;  i,  small  intestine  ;  k,  cmca ;  I,  large 

and  is  thus  prepared  for  the  far-  "^^^^''^^J  ureters;  «,  oviduct;  o,  cloaca, 
ther  stages  of  the  digestive  process.  Below  the  crop,  the  oesophagus  is 
usually  agam  dilated,  before  its  termination  in  the  gizzard,  into  another 
cavity,  known  as  the  '  proventriculus'  (c),  from  the  walls  of  which  the 
true  gastnc  liiud  is  poured  out  upon  the  food  that  is  delayed  in  it  •  this 
may  be  considered  as  the  first  or  cardiac  portion  of  the  true  gastric 
cavity;  whilst  the  'gizzard'  {d)  or  muscular  sac  which  succeeds  it  corre- 
sponds with  Its  second  or  pyloric  portion  .  The  gizzard  is  usually  a  some- 
what lengthened  sac,  having  its  intestinal  orifice,  as  well  as  that  by 
which  It  communicates  with  the  proventriculus,  at  its'  upper  part.  In 
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those  whose  food  requires  tlie  aid  of  racchanical  reduction  for  its  solution, 
the  walls  of  t-he  gizzard  are  very  thick  and  muscular,  and  its  fibres  radiate 
fi'om  two  central  tendons  situated  on  opposite  sides  of  the  cavity,  wluch 
is  lined  by  a  horny  epithelium  of  remarkable  toughness.  The  tritm-atiug 
power  of  the  gizzard  is  frequently  much  increased  by  the  presence  of  hard 
angular  stones,  which  the  bird  occasionally  swallows,  and  which  are 
retained  in  its  cavity.  In  Birds,  however,  whose  food  consists  of  flesh, 
fish,  succulent  fruits,  or  other  substances  easily  reduced,  the  muscular  struc- 
ture is  so  little  developed,  that  the  original  character  of  the  '  gizzard'  is  en- 
tirely wanting.  The  intestinal  tube  varies  considerably  in  length,  and  also 
in  the  degree  of  definiteness  of  the  division  between  the  small  and  the 
large  intestines.  At  no  great  distance  from  the  stomach,  it  receives  the 
secretions  of  the  liver  (e)  and  of  the  pancreas  (cj);  the  former  gland,  which 
is  of  moderate  size,  possesses  a  gall-bladder  (_/),  in  which  the  bile  can  be 
stored  up  when  not  required  for  use,  and  yet  has  a  second  excretory  duct, 
by  wbich  the  bile  can  be  poured  direct  into  the  intestiual  tube ;  the 
latter,  which,  is  now  much,  increased  in  size,  and  has  attained  a  higher 
grade  of  glandular  development,  still  ponrs  forth  its  products,  sometimes 
by  two  ducts,  and  in  other  cases  by  three.  After  a  larger  or  smaller 
number  of  convolutions,  the  intestinal  tube  terminates  in  the  cloaca  (o) ; 
first,  however,  receiving  the  products  secreted  from  one  or  two  csecal 
appendages  {k)  whose  opening  into  the  canal  is  considered  to  mark  the 
boundary  between  the  small  and  tbe  large  intestiues  {%  and  I). 

160.  The  length  and  complexity  of  the  alimentary  canal  ia  th.e  Mam- 
Qnalia,  as  in  Birds,  vaiy  in  accordance  with  the  diet  on  which  the  several 
tribes  are  adapted  to  exist ;  and  no  part  exhibits  a  greater  diversity  of 
conformation  than  does  the  stomach, — even  putting  aside  that  peculiar 
apparatus  whicb  has  been  already  described  (§  150)  as  concerned  in 
the  preparation  of  the  aliment  in  the  Ruminantia.    Thus  in  the  carni- 
vorous and  insectivorous  Mammals,  whose  food  is  easy  of  solution,  and 
consequently  requires  to  be  but  little  delayed  for  the  digestive  operation, 
the  stomach  is  usually  simple  in  its  form,  being  a  mere  dilatation  of  the 
alimentary  canal,  and  lying  nearly  in  the  direction  of  its  course ;  but  in 
proportion  as  the  food  departs  more  widely  in  its  composition  from  the 
body  itself,  and  is  less  capable  of  reduction  by  the  gastric  fluid,  do  we 
find  (in  most  cases  at  least)  the  dimensions  of  the  stomach  increasing, 
and  its  form  undergoing  alteration ;  so  that  it  more  and  more  presents  the 
character  of  a  diverticulum,  into  which  the  aliment  is  turned  aside,  and 
in  which  it  is  retained  during  the  time  required  for  its  subjection  to  the 
solvent  power  of  the  gastric  juice  (Fig.  62,  g).    The  difi-erence  in  form 
is  principally  given  by  the  increased  development  of  the  large  or  left- 
hand  extremity  of  the  stomach,  which  thus  becomes  a  sort  of  csecal  dila- 
tation oflT  the  line  that  connects  the  cardiac  and  pyloric  orifices ;  and  not 
unfrequently  this  portion  of  the  stomach  is  separated  from  the  other  by 
an  incomplete  partition.    In  addition  to  this,  numerous  smaller  C£eca  are 
frequently  developed  in  connection  with  the  principal  cavity;  whilst  in 
many  Getacea  we  find  a  succession  of  constrictions  intervening  between 
the  principal  gastric  cajcum  and  the  pyloric  oiifice,  which  partially  chvide 
the  entire  stomach  into  numerous  cavities,  aU  of  them  to  be  traversed  by 
the  food  during  its  passage  from  the  cesophagus  to  the  intestine  _  ihe 
small  intestine  is  chiefly  remarkable  for  tlie  great  length  to  wluch  it 
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extends  in  some  of  the  herbivorous  Mammalia,  and  for  the  increase  of 
its  mucous  surface  by'valvuloe  conniventes,'  wluch  are  deep  folds  of 
membrane,  succeeding  one  another  at  tolerably  regular  mtei^vals,  but  not 
embracing  above  two-thirds  of  tlie  circumference  of  the  tube.  In  nearly 
all  Mammals,  save  in  the  Cetacea  (which  exhibit  a  return  to  a  hsh-like 
inferiority  in  this  respect),  a  weU-marked  distinction  between  the  smaU 
and  the  large  intestine  is  manifested,  not  only  by  the  presence  of  the 
ileo-cfecal  valve,  but  also  by  that  cUfference  of  diameter  from  whach  these 
two  cUvisions  of  the  canal  derive  their  names.  The  large  intestine  is 
here  not  only  larger  in  proportion  to  the  small,  but  is  longer,  than  in 
the  lower  Yertebrata;  and  in  many  Mammals,  as  in  Man,  a  sacculated 
character  is  given  to  the  colon  by  the  peculiar  arrangement  of  its  mus- 
cular bands,  so  that  the  extent  of  its  lining  membrane  is  greatly 
increased.  The  ctecal  enlargement,  in  wHch  the  Ueum  terminates  and  , 
the  colon  commences,  is  frequently  of  great  size,  especially  in  herbivorous 
animals;  being  sometimes  larger  than  the  stomach,  as  is  the  case  m  the 
Horse;  or  even  many  times  larger,  as  may  be  seen  in  some  of  the 
Rodentia.  The  villi  (Fig.  108),  which  in  all  the  lower  Yertebrata  are 
dispersed  over  the  surface  of  the  large  as  well  as  of  the  small  intestine, 
are  now  limited  to  the  latter;  whilst  from  the  great  number  of  glandulse 
contained  in  the  former,  and  from  the  change  in  the  character  of  the 
contents  of  the  alimentary  canal  which  shows  itself  when  they  arrive 
there,  it  seems  probable  that  whilst  the  small  intestine  is  the  pai-t  of  the 
canal  in  which  Absorption  specially  takes  place,  the  large  is  particularly 
destined  for  Excretion. 

161,  Thus  then,  we  see,  that  although  the  development  of  the  Digestive 
apparatus  is  subjected,  perhaps  more  than  that  of  any  other  portion  of 
the  apparatus  of  Organic  life,  to  variations  which  are  immediately  con- 
nected with  the  purposes  to  which  it  is  to  be  subservient,  a  gi-adual 
specialization  can  be  most  distinctly  traced,  when  we  take  a  general 
siuwey  of  the  succession  of  forms  which  it  presents  among  the  principal 
groups  of  animals.  For,  in  its  lowest  condition,  we  have  seen  it  to 
consist  of  a  simple  cavity  excavated  in  the  tissues  for  the  reception  of 
alimentary  substances,  which,  when  reduced  to  the  state  of  solution 
(chyme),  are  taken  up  from  every  part  of  its  walls,  and  find  their  way, 
without  any  special  system  of  canals,  into  the  parts  of  the  body  most 
remote  from  it :  whilst  the  indigestible  matters  are  ejected  by  the  same 
orifice  as  that  by  which  the  food  was  taken-in.  Next,  we  find  the  digestive 
sac  furnished  with  parietes  of  its  own,  and  suspended  within  a  visceral 
cavity,  with  which  it  is  at  first  in  free  communication;  going  a  step 
fm'ther,  we  find  this  communication  closed,  but  the  digestive  sac  itself 
extended  into  i-emote  portions  of  the  organism;  and,  in  still  higher 
forms,  the  liquid  (chyle)  which  transudes  into  the  visceral  cavity,  instead 
of  the  immediate  product  (chyme)  of  digestion,  is  that  which  is  applied  to 
the  piu-poses  of  nutrition.  Next,  we  find  the  digestive  sac  with  its  single 
orifice  changed  into  a  canal,  provided  with  a  second  orifice,  through  which 
the  indigestible  and  fascal  matters  are  ejected.  Next,  we  find  the  stomach 
more  or  less  distinctly  separated  from  the  intestinal  tube :  and  the  former 
becomes  possessed  of  special  endowments  wliich  are  not  shared  by  tlie 
hitter,^  the  gastric  fluid  being  secreted  by  its  walls  alone,  and  the 
secretion  of  the  liver  being  either  poured  into  it,  or  into  tlie  first  portion 


182 


OF  ALIMENT,  ITS  INGESTION  AND  PHEPAItATION. 


of  the  intestine.  Next,  we  find  the  mucous  surftice  of  the  intestinal 
canal  considerably  extended  by  folds  and  duplicatures ;  and  these  are 
thickly  set  with  villi,  each  of  which  not  merely  contains  a  copious  net- 
work of  blood-vessels,  but  also  includes  the  commencement  of  one  of  the 
special  absorbents  or  'lacteals'  peculiar  to  Vertebrated  animals.  Next, 
we  find  the  distinction  between  the  small  and  the  large  intestine 
gradually  becoming  more  clearly  marked,  and  each  part  characterised 
by  its  own  pecvdiarities;  whilst  at  the  same  time,  the  concentration  of 
structui-e  is  stUl  further  indicated  by  the  greater  extension  of  the 
mucous  surface  within  the  canal,  by  the  augmented  number  of  villi  in 
the  small  intestine,  and  by  the  increase  of  the  glandules  and  foUicles 
in  the  large. 

1G2.  Now  in  its  general  outlines,  the  history  of  the  Embryonic 
development  of  the  Digestive  ajDparatus  in  the  higher  animals  closely 
corresponds  with  tliis;  but  the  entirely  different  mode  in  which  the 
alimentation  of  the  embryo  is  to  be  accomplished,  involves  a  considerable 
variation  in  the  particular  method  adopted.   The  embryonic  cell,  when  it 
is  first  distinguishable  in  the  ovum,  lies  in  the'  midst  of  a  store  of 
nutriment  (the  yolk)  provided  for  it  by  the  parent ;  and  this  it  begins  to 
draw-in,  like  the  simple  cells  of  the  lowest  Entozoa,  which  it  resembles 
in  grade  of  development  and  in  its  conditions  of  existence  (§  138),  by 
imbibition  through  its  cell-wall.    The  successive  broods  of  cells  produced 
by  fissiparous  multiplication,  are  at  first  nourished  after  the  same 
fashion ;  but  these  soon  tend  to  spread  themselves  in  the  form  of  a  mem- 
branous expansion  around  the  yolk,  and  thus  to  include  it  completely 
within  the  embryonic  cavity.     This  cavity  may  be  likened  to  the 
stomach  of  the  Hydra,  in  every  respect  save  that  it  has  no  orifice ;  but 
this  is  not  needed,  since  it  is  already  filled  with  the  requisite  supply  of 
aliment.    The  further  introduction  of  this  into  the  embryonic  tissues,  is 
accomplished  at  first  by  the  celMar  layers  of  the  germinal  membrane ; 
but  blood-vessels  are  soon  developed,  which  thenceforth  are  the  special 
channels  for  its  reception  and  conveyance.    This  cavity,  however,  sei-ves 
but  a  temporary  purpose, — in  this  respect  corresponding  with  the  cotyle- 
dons, by  which  mitriment  is  received  into  the  embryo  of  the  higher 
plants;  and  the  permanent  digestive  apparatus  commences  in  the  more 
advanced  embryo,  as  a  small  portion  of  the  temporary  vitelline  sac,  that 
is  gradually  detached  from  it,  like  the  stomach  of  the  budding  Eydra 
.  from  that  of  its  parent.    The  form  which  this  detached  portion  at  first 
exhibits,  is  that  of  a  simple  tube,  closed  at  both  extremities,  whilst  its 
middle  portion  remains  connected  with  the  yolk-bag.    An  oral  and  an 
anal  orihce  are  then  formed;  and  the  tube  thus  comes  to  present  the 
characters  of  the  alimentary  canal  of  the  lower  Articulata.    The  next 
grade  in  development  is  the  evokition  of  the  stomach,  which  first  shows 
itself  as  a  projection  of  the  tube  towards  the  left  side;  and  the  accessory 
glands,  the  liver  and  pancreas,  soon  make  their  appearance,  reminding 
us  in  their  earUest  condition  of  the  grade  of  development  wHch  they 
permanently  exhibit   in  the  lower  animals  (chap,  ix.)     The  short 
straight  tube  gradnally  increases  in  length,  and  is  thiwn  into  convolu- 
tions, that  part  being  most  increased  in  length  which  remains  ot  the 
smallest  diameter;  and  thus  arises  the  difierence  between  the  smaU  and  tlie 
large  intestine.  The  folds  of  the  mucous  membrane,  the  villi,  and  the  glan- 
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dular  a]>pai-atus,  which  are  the  parts  most  restricted  to  higher  animals, 
are  the  last  to  appear  in  the  course  of  their  development. 

163  We  have  now  to  consider  the  proper  Function  of  Digestion  which 
may  be  said  to  commence  with  the  introduction  of  the  food  mto  that 
part  of  the  alimentary  canal,  in  the  walls  of  which  is  secreted  the  fluid 
destined  for  its  solution.  In  the  liigher  anima  s,  tlus  secretion  is  re- 
stricted to  the  gastric  cavity  or  stomach;  and  hence  it  is  named  the 
'  crastric  iuice.'  The  only  chemical  change  which  the  food  appears  to 
have  undergone,  before  being  submitted  to  this,  is  that  which  is  effected 
by  the  admixture  of  Saliva  in  the  mouth;  a  pecuHar  animal  principle 
contained  in  this  fluid  having  the  power,  like  the  diastase  m  Plants  ot 
converting  starch  into  sugar.  The  process  thus  commenced  m  the  mouth, 
is  retarded  in  the  stomach,  the  acid  character  of  the  gastric  fluid  being 
unfavourable  to  it;  it  is  recommenced,  however,  in  the  intestinal  canal, 
after  that  acid  has  been  neutralized  by  the  alkali  of  the  bUe  and  pan- 
creatic fluid.  The  great  purpose  of  the  gastric  digestion  appears  to  be, 
to  dissolve  the  albuminous  and  gelatinous  constituents  of  the  food;  and, 
by  the  mthdrawal  of  these,  the  remainder  are  usually  reduced  to  a  state 
of  fine  division,  in  which  they  are  afterwards  more  easily  acted-upon.  In 
regard  to  the  constitution  of  the  gastric  juice,  there  is  at  present  much 
tliversity  of  opinion;  and  it  does  not  seem  improbable  that  it  may  vary 
in  different  animals.  It  appears  essentially  to  consist,  however,  of  a  free 
acid  (either  th6  hydrochloric,  acetic,  or  lactic,  but  generally  the  fii-st) 
which  is  the  real  solvent;  and  of  an  animal  principle  in  a  state  of  change, 
which  acts  as  a  ferment,  and  disposes  the  organic  compounds  to  solution. 
Water  slightly  acidulated  with  these  acids,  is  capable  of  dissolving  albu- 
minous compounds  with  the  aid  of  a  high  temperature ;  but  if  a  solution 
of 'pepsin'  (which  is  the  animal  matter  obtained  by  macerating  the 
stomach  of  a  pig  in  cold  water,  after  it  has  been  repeatedly  washed)  be 
added,  the  acid  solvent  wiU  then  be  able  to  act  efficaciously  at  the  ordi- 
nary temperature  of  the  body.  The  solvent  action  of  the  gastric  juice 
is  aided  by  the  movements  of  the  walls  of  the  stomach,  which  are  pro- 
duced by  the  successive  contractions  and  relaxations  of  their  muscular 
fibres.  The  purpose  of  this  motion  is  obviously  to  keep  the  contents  of 
the  stomach  in  that  state  of  constant  agitation,  which  is  most  favourable 
to  their  chemical  solution ;  and  particularly  to  bring  every  portion  of  the 
alimentary  matter  into  contact  with  the  lining  of  the  stomach,  so  as  to 
subject  it  to  the  action  of  the  solvent  fluid  which  is  poured  forth  from  it. 
Thus,  Httle  by  little,  the  reduction  of  the  alimentary  materials  to  the 
homogeneous  pulpy  mass  termed  chyme  is  accomplished ;  this  escapes  into 
the  intestine,  as  fast  as  it  is  formed,  through  the  pyloric  orifice,  which 
closes  itseK  to  solids,  but  allows  liquids  to  pass ;  whilst  the  solid  residue 
is  continually  subjected  to  the  same  action,  imtil  its  solution  has  been 
effected.  There  is  no  doubt,  however,  that  a  portion  of  the  nutritious 
matter  dissolved  by  the  gastric  fluid  is  at  once  absorbed  into  the  blood- 
vessels of  the  stomach,  without  passing  either  into  the  intestinal  tube,  or 
into  the  special  lacteal  system  of  vessels. — That  the  action  of  the  gastric 
juice  is  ia  aU  respects  one  of  a  purely  chemical  nature,  there  can  be  no 
longer  any  question.  When  di-awn  direct  from  the  stomach  of  Man  or  of 
the  lower  Mammalia,  it  is  found  to  possess  the  power  of  dissolving  various 
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kinds  of  alimentary  substances,  provided  that  these  are  submitted  to  its 
agency  at  a  temperature  equal  to  that  of  the  body,  and  are  frequently 
agitated.  The  solution  appears  to  be  in  all  respects  as  perfect  as  that 
which  is  naturally  effected  in  the  stomach;  but  a  longer  time  is  required 
to  make  it, — a  difference  which  is  easily  accounted-for,  when  ihe  inipos- 
sibility  of  fulfilling  cdl  the  conditions  under  which  gastric  digestion  takes 
place,  is  borne  in  mind.  The  quantity  of  food  which  a  given  amount  of 
gastric  fluid  can  dissolve,  is  limited;  precisely  as  in  the  case  of  the  acidu- 
lous solution  of  '  pepsin,'  or  *  artificial  gastric  juice,'  whose  solvent  power 
is  chiefly  regulated  by  the  quantity  of  acid  which  it  contains,  the  same 
quantity  of  pepsin  being  capable  of  *  disposing'  the  solution  of  many 
successive  amounts  of  the  substance  to  be  acted-on,  provided  that  acid 
be  added  as  required. 

1 64.  The  Chyme  which  passes  into  the  intestinal  tube,  is  commonly  a 
greyish,  semifliiid,  and  homogeneous  substance,  possessing  a  slightly  acid 
taste,  but  being  otherwise  insij)id.  When  the  food  has  been  of  a  rich 
oily  character,  the  chyme  possesses  a  creamy  aspect;  but  when  it  has 
contained  a  large  proportion  of  farinaceous  mattei',  the  chyme  has  rather 
the  appearance  of  gruel.  The  state  in  which  the  various  alimentary 
principles  exist  in  it,  has  not  yet  been  accurately  determined;  the  fol- 
lowing, however,  may  be  near  the  truth.  The  albuminous  compounds, 
whether  derived  from  the  Animal  or  from  the  Vegetable  kingdom,  whe- 
ther previously  possessing  the  form  of  fibrin,  of  casein,  of  glutin,  &c.,  are 
reduced  by  sokition  to  the  condition  of  Albumen ;  but  a  part  of  these 
compounds  may  still  remain  imdissolved  in  the  chyme  of  the  intestine. 
Gelatine  will  be  dissolved,  or  not,  according  to  the  previous  condition  of 
the  substance  containing  it;  for  if  this  be  a  tissue  which  does  not  readily 
yield  gelatine  to  hot  water,  the  gastric  fluid  will  have  little  influence 
upon  it.  The  gummy  matters  of  plants  are  dissolved,  when  they  exist  in 
a  soluble  form ;  but  starch  is  not  changed  unless  it  has  been  pre^dously 
acted-upon  by  the  saliva,  save  in  the  case  of  the  Granivorous  Birds  and 
Ruminant  Mammals,  in  which  the  provision  for  the  mechanical  reduction 
of  this  element  of  the  food  is  greater  than  in  other  tribes.  Sugar, 
whether  introduced  as  such,  or  formed  by  the  transformation  of  starch,  is 
undoubtedly  reduced  to  a  state  of  complete  solution,  and  is  probably 
taken-up  by  the  blood-vessels  as  fast  as  it  is  dissolved.  Oily  matters, 
whether  of  animal  or  vegetable  origin,  are  reduced  to  minute  particles, 
and  these  are  dispersed  through  the  other  constituents  of  the  chyme. 
Most  other  substances, — as  the  woody  fibres,  all  the  firmer  cell-waUs,  and 
the  resinous  matters,  of  Plants, — ^the  homy  matter,  yeUow  fibrous  tissue, 
epidermic  and  other  thick- walled  cells,  of  Animals,— pass  unchanged  fi-om 
the  stomach,  undergo  no  subsequent  alteration  in  the  intestinal  canal,  and 
form  part  of  the  fsecal  matter  which  is  discharged  from  it. 

165.  On  passing  into  the  small  intestines,  the  Chyme  soon  becomes 
mingled  with  the  Biliary  and  Pancreatic  secretions,  and  with  the  SuccU'S 
Entericus,  which  appear  to  effect  important  changes  in  its  chai-acter, 
though  the  nature  of  theii'  respective  agencies  has  not  yet  been  clearly 
made  out.*    It  may,  however,  be  pretty  certainly  stated,  that  by  the 

*  The  stcatements  of  M.  CI.  Bernard  respecting  tlie  special  and  exclusive  emulsifying 
power  of  the  Pancreatic  fluid,  have  not  been  substantiated  by  the  results  obt.ained  by  other 
experimenters.     See  on  this  point  the  Author's  "Principles  of  Human  Ihysiology 
§§  452—455  ;  and  the  "Brit,  and  For.  Med.-Chir.  Rev.,"  Jan.  1854,  pp.  61—66. 
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excess  of  alkali  which  they  contain,  they  neutralise  the  acid  of  the  gastric 
juice,  and  that  the  conversion  of  the  starch  into  sugar,  which  was  inter- 
rui)tcd  in  the  stomach,  now  recommences,  and  is  probably  carried  on  while 
the  food  is  passing  through  the  small  intestines ;  and  fui-ther,  that  either  by 
their  sepai-ate  or  theii-  combined  actions,  the  fatty  matter  of  the  chyme  Ls 
reduced  to  that  state  of  fine  division  which  is  known  as  an  '  emulsion,'  and 
is  thus  rendered  capable  of  being  received  into  the  absorbents;  whilst  the 
solution  of  the  albiuninous  matters  is  completed.  Thus,  then,  during  the 
continued  passage  of  the  food  along  the  upper  part  of  the  alimentary 
canal,  the  process  of  reduction  and  sohition  are  still  caiiiedon;  those 
operations  being  gi-adually  perfoi-med  in  the  intestine,  which  would  have 
interfered  with  the  digestion  of  albuminous  matters  if  performed  in  the 
stomach;  and  the  prolongation  of  this  process  being  also  the  means  of 
preventing  the  too  rapid  entrance  of  those  saccharine  and  oily  matters 
into  the  blood,  which  are  only  taken  into  it  with  a  view  to  being  speedily 
eliminated  by  the  respiratory  process,  for  the  maintenance  of  the  animal 
temperature.  It  is  chiefly  in  warm-blooded  animals,  that  we  find  the 
farinaceous  or  starchy  substances,  supplied  by  plants,  entering  largely  into 
the  composition  of  the  food;  and  notwithstanding  the  evidence  we  possess 
that  they  are  actually  received  into  the  vessels,  yet  there  is  a  difficulty  in 
detecting  them  under  any  form  in  the  blood  or  chyle,  in  the  healthy  con- 
dition of  the  system.  It  is  obvious,  then,  that  their  removal  from  the 
intestinal  canal  by  the  process  of  absorption  must  take  place  slowly ;  and 
thus  we  seem  to  have  the  explanation  of  the  prolongation  of  the  intes- 
tinal tube  in  herbivorous  animals.  It  has  been  supposed  that  the  con- 
tents of  the  intestinal  canal  are  subjected  to  a  sort  of  second  digestion  in 
the  cseciun,  for  the  purpose  of  dissolving  any  albuminous  matters  which 
have  not  been  previously  reduced,  especially  in  those  animals  in  which 
the  caecum  is  of  large  size  in  proportion  to  the  stomach;  and  this  idea 
seems  to  derive  confii-mation  from  the  fact,  that  the  secretion  of  the 
caecum  has  been  found  to  possess  an  acid  reaction.  It  cannot,  however, 
be  at  present  regarded  as  more  than  a  probable  hypothesis. — The  residuary 
undigested  portions  of  the  food,  mingled  with  the  excrementitious 
portion  of  the  biliary  and  pancreatic  secretions,  together  form  the  prin- 
cipal part  of  the  fsecal  matters  which  are  discharged  from  the  large  intes- 
tine ;  but  there  is  strong  reason  to  believe  that  the  putrescent  matter, 
which,  in  the  Main m  aha  especially,  gives  the  peculiar  odour  and  appear- 
ance to  the  excrement,  is  not  derived  from  either  of  these  sources,  but  is 
a  real  excretion,  separated  from  the  blood  by  the  glandular  follicles  that 
are  so  thickly  set  in  the  intestinal  walls,  and  especially  at  the  upper  part 
of  the  large  intestine. 
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CHAPTER  IV. 

OF    ABSORPTION    AND  IMBIBITION. 

1.  General  Considerations. 

IGG.  The  process  by  whicli  the  alimentary  materials,  whether  in  theii- 
original  fluid  form  (as  in  the  case  of  Plants),  or  after  they  have  been 
reduced  to  that  form  by  the  digestive  process  (as  in  Animals),  are  inti-o- 
duced  into  the  living  body,  is  termed  Absorption.  Before  consideiing  the 
particular-  conditions  under  which  this  operation  is  performed  in  the  dif- 
ferent classes  of  Organised  beings,  it  will  be  right  to  consider  what  is  its 
essential  character,  and  how  far  Physical  principles  can  be  applied  to  its 
elucidation. — It  was  formerly  the  general  opiaion  that  Absoi-ption  is 
always  effected  by  vessels,  the  open  mouths  of  which,  being  in  contact 
with  the  fluid,  might  imbibe  it  by  capillary  attraction,  suction,  or  other 
like  agencies ;  and  hypothetical  '  absorbent  vessels'  were  inferred  to  exist 
in  all  beings,  even  in  the  simplest  Cellular  Plants,  as  the  channels  where- 
by fluids  are  received  at  the  surface  and  conveyed  into  the  interior.  But 
it  has  been  shown  by  minute  Anatomical  inquiry,  that  in  no  one  instance 
are  absorbent  vessels  thus  brought  into  immediate  relation  with  the  fluid 
to  be  received  by  them,  but  that  the  transmission  always  takes  place  m 
the  first  instance  through  some  tissue  of  a  membranous  character;  and 
further,  that  in  a  gTeat  number  of  cases,  vessels  are  not  concerned  in.  the 
process  at  all,  the  fluid  being  at  once  received  into  the  tissues  which  it  is 
destined  to  nourish.  Thus,  we  shaU  find  that  neither  in  the  roots  of 
Plants,  nor  ia  the  walls  of  the  alimentary  canal  of  Animals,  do  the 
absorbent  vessels  commence  in  open  mouths ;  but  that  aU  the  fluid  which 
enters  them,  must  first  traverse  the  membrane  which  covers  their  extre- 
mities ;  whilst  in  the  lowest  members  of  both  kingdoms,  and  in  the  early 
embryonic  condition  of  the  higher,  the  external  investment,  or  that  re- 
flexion of  it  which  lines  the  digestive  cavity  (§  122),  has  an  equal  power 
of  imbibition  throughout  its  entire  surface,  and  communicates  a  portion 
of  that  which  it  has  taken-up  to  the  tissues  in  contact  with  it,  whence  it 
is  progressively  transmitted  to  the  more  remote  parts, — and  this  without 
the  aid  of  any  system  of  vessels,  either  for  the  Absorption  or  for  the  Cir- 
culation of  nutritive  fluid.  And  even  in  the  most  elaborately-constructed 
organisms,  we  flnd  that  a  considerable  portion  of  the  tissues  is  nourished 
by  the  same  kind  of  imbibition, — not,  however,  from  the  external  siu-face, 
or  from  the  walls  of  the  digestive  cavity,  but  from  nearer  sources  of 
supply.  Thus  the  substance  of  proper  cellular  Cartilage  is  entirely 
nourished  by  imbibition  from  the  blood-vessels  which  bring  the  nutri- 
ment to  its  surface  and  edges ;  the  dense  tissue  of  Bones  and  Teeth  is  in 
like  manner  traversed  by  nutritious  fluid,  which  is  di-awn  from  the 
vessels  of  the  nearest  vascular  canal  or  cavity;  and  the  Ejoidermic  fmA 
Epithelial  tissues,  which  cover  the  surfaces  and  line  the  cavities  of  the 
body,  must  derive  their  nourishment  from  vessels  ramifying  on  the 
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opposite  side  of  the  basement-membrane  wliereon  they  rest.— Thus  it 
appears  that  the  first  introduction  of  fluid  into  the  organism  by  Absorp- 
tion is  but  a  particular  case  of  that  Imbibition,  which  takes  a  most  im- 
portant part  in  its  subsequent  difi-usion  through  the  system,  even  when 
the  most  complete  vascular  apparatus  exists;  and  it  will  be  right,  there- 
fore, to  consider  in  the  first  instance  what  are  the  physical  conditions  ot 

Imbibition.  i\  •  v       i,x  • 

167.  When  any  porous  substance  (not  already  saturated)  is  brougiit  in 
contact  with  a  liquid  which  has  such  a  molecular  attraction  for  its  par- 
ticles as  to  be  capable  of '  wetting '  it,  the  liquid  is  imbibed  by  it,  and,  if 
the  force  of  imbibition  be  strong  enough,  is  speedily  diffused  through  the 
whole  mass.  This  force  depends  in  part  upon  the  degree  of  attraction 
subsisting  between  tlie  particles  of  the  solid  and  those  of  the  fluid;  and  in 
part  upon  the  size  of  the  capillary  pores  or  canals.  Thus  it  was  found  by 
Professor  Matteucci,*  that  when  glass  tubes  of  about  three-fourths  of  an 
inch  in  diameter  were  filled  with  fine  sand,  previously  dried,  and  intro- 
duced without  pressure,  and  were  immersed  at  their  lower  ends  into  the 
following  liquids,  the  action  of  imbibition  (which  took  place  at  first 
rapidly,  then  more  slowly,  and  then  ceased  after  about  ten  hours)  raised 
the  liquids  in  the  tubes  to  the  following  heights  respectively : — 

Solution  of  carbonate  of  potash,   85  millimetres. 

Solution  of  sulphate  of  copper,   75  . 

Serum  of  blood,   70  , , 

Solution  of  carbonate  of  ammonia,   62  ,, 

Distilled  water,   60 

Solution  of  common  salt,   58  , , 

Milk,    55  ,, 

White  of  egg  diluted  with  its  own  volume  of  water,  .35  ,, 

When  thick  solutions  of  gum  or  starch,  or  fixed  oUs,  were  employed, 
scarcely  any  imbibition  took  place;  and  it  was  but  little  more,  when 
strong  saline  solutions  were  used. — The  degree  in  which  imbibition  is 
affected  by  the  pectdiar  attractions  subsisting  between  the  solids  and  the 
liquids  employed,  is  further  illustrated  by  the  following  experiment. 
Thi-ee  tubes,  respectively  filled  with  sand,  pounded  glass,  and  saw-dust, 
were  immersed  at  their  lower  extremities  in  water,  and  three  similar, 
tubes  in  alcohol;  the  following  were  the  comparative  results: — 

Sand.  Pounded  Grlass.  Sawdust. 

Alcohol   ....      85  millim.       175  millim.       125  millim. 
Water    ....    175    ,,  182    ,,  60  ,, 

Thus  we  see  that,  whilst  the  imbibition  of  the  two  liquids  took  place  into 
the  pounded  glass  in  nearly  an  equal  degree,  the  quantity  of  water  drawn 
up  by  the  sand  was  more  than  double  that  of  the  alcohol,  whilst  precisely 
the  reverse  effect  obtained  in  the  case  of  the  sawdust,  the  quantity  of 
alcohol  imbibed  being  more  than  double  that  of  the  water. — That  the 
force  of  imbibition  is  dependent  in  part  upon  the  size  of  tJie  capillary 
channels,  was  proved  by  the  fact,  that  when  the  experiment  was  tried 
with  two  tubes,  both  holding  pounded  glass,  but  one  of  them  containing 
twice  as  much  as  the  other  (the  powder  being  finer,  and  the  capillary 


*  1(1 


'Lectures  on  the  Physical  Phenomena  of  Living  Beings,"  translated  by  Dr.  Pereira, 
pp.  21,  et  seq. 
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channels  being  consequently  more  niinnte),  water  was  found  to  rise  in 
the  fullest  tube  to  170  millim.,  in  the  same  time  wliich  it  occupied  to 
rise  to  107  millim.  in  the  other. — Temi)erature,  also,  was  found  to  have 
.a  remarkable  influence  upon  the  result;  for  two  tubes,  similai-ly  prepared 
with  sand,  having  had  theii"  extremities  immersed  in  watei-,  and  having 
been  kept,  the  one  at  131°  Fahr.,  and  the  other  at  59°  Falu-.,  the  water 
rose  in  eleven  minutes  to  175  millim.  in  the  former,  whilst  in  the  same 
period  it  only  rose  to  12  miUim.  in  the  latter.  Hence  we  see  that  an 
elevation  of  temperature  has  not  only  a  direct  influence  in  augmenting 
vital  activity,  but  that  it  assists  in  supplying  an  essential  condition  of 
that  activity,  by  promoting  the  transmission  of  nutritive  fluid  through 
the  textiu-es.  . 

168.  But  fui'ther,  when  two  liquids  capable  of  mixing  together  freely, 
without  chemical  decomposition,  are  allowed  to  do  so,  there  is  a  tendency 
in  each  to  a  uniform  difiusion  through  this  other.  The  laws  of  this  '  Dif- 
fusion of  Liquids '  have  been  recently  investigated  by  Prof.  Graham  (the 
discoverer  of  the  law  of  the  'diffusion  of  gases');  and  the  following  are 
some  of  the  results  obtained  by  him,  which  bear  most  du-ectly  upon  the 
present  subject.* — The  phenomenon  was  studied  by  means  of  a  simple 
apparatus,  consisting  of  an  open  phial  to  contain  the  liquid  to  be  diffused, 
which  was  immersed  in  a  large  jar  of  pure  water.  The  diffusion  was 
stopped,  generally  after  seven  or  eight  days,  by  closing  the  mouth  of  the 
phial  with  a  plate  of  glass,  and  then  raising  it  out  of  the  water-jar;  and 
the  quantity  of  the  liquid  which  had  found  its  way  into  the  water-jar  (or 
the  '  difiusion  product,')  was  then  determined  by  evaporating  it  to  diy- 
ness.  The  characters  of  '  liquid  difiusion  '  were  first  examined  in  detail 
in  reference  to  common  salt;  and  it  was  found  that  when  the  amount  of 
diffusion  from  solutions  containing  1,  2,  3,  and  4  per  cent.,  was  compared, 
it  varied  nearly  in  the  same  proportions,  being  in  each  case  about  one- 
eighth  of  the  whole  amoimt,  after  a  period  of  eight  days.  But  here,  too, 
temperature  has  a  remarkable  influence :  for  an  elevation  of  80°  Fahr. 
was  found  to  double  the  quantity  of  salt  diffused  in  a  given  time. — Dif- 
ferent substances  possess  this  property  of  diffusibiUty  in  very  varying 
degrees;  thus  when  solutions  of  the  following  substances  were  employed, 
of  the  strength  of  20  parts  to  100  of  water,  the  relative  quantities  diffused 
in  a  given  time  were  as  follows ; — 

Chloride  of  sodium,    .  58-68  Crystallized  cane-sugar,  26-74 

Sulphate  of  magnesia,  27-42  Starch-sugar  (glucose),  26-94 

Nitrate  of  soda,      .    .  51-56  Gum-ara;bic,      .    .    .  13-24 

Sulphate  of -neater,  .    .  69-32  Albumen,     ....  3-08 

The  low  diffusibUity  of  albuxoen  is  very  remarkable ;  and  it  is  further  to 
be  noticed  that  if  common  salt,  sugar,  or  urea  (which  is  as  liighly  difliisible 
as  chloride  of  sodium)  be  added  to  the  albumen  under  diffusion,  they 
diffuse  away  from  this  as  readily  as  from  their  aqueous  solutions,  leaving 
the  albumen  behind  in  the  phial.  So,  when  solutions  of  two  salts  ai-e 
mixed  in  the  phial,  they  diffuse  out  into  the  water-atmosphere  sepai-ately 
and  independently  of  each  other,  according  to  their  respective  incUvidual 
diffiisibilities.  In  comparing  the  diffusibUity  of  different  salts,  it  was 
found  that  equal  weights  of  '  isomorphous '  compounds,  cUssolved  in  ten 

*  "Philosophical Transactions,"  1860,  p.  1,  etseq. 
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times  theii-  weight  of  water,  diffused  themselves  to  the  same  amount. 
And  further,  one  salt,  such  as  nitrate  of  potash,  will  diflfuse  into  a  solution 
of  another  salt,  such  as  nitrate  of  ammonia,  as  rapidly  as  into  pure  water  j 
the  solutions  appearing  to  have  that  mutual  diffusibility,  which  gases  are, 
kno^vn  to  possess  (§' 266).— The  properties  of  diflferent  substances  m 
recrard  to  their  relative  diffusibiHty,  cannot  but  have  an  important  influ- 
ence on  the  course  of  the  vital  operations.  Thus  the  low  diffusibility  of 
albumen  obviously  tends  to  the  retention  of  the  serous  fluids  withm  the 
tissues;  whilst  the  high  diffusibility  of  urea  will  favour  its  escape  from 

^^Tei).  Both  of  these  agencies,— the  imbibition  of  fluids  by  porous  solids, 
and  the  mutual  diffusion  of  miscible  liquids,— seem  to  be  concerned  m 
the  production  of  that  curious  phenomenon,  to  which  the  tQvm  Endosmose 
was  given  by  its  discoverer,  Dutrochet ;  and  this  process  bears  so  close  a 
resemblance  to  a  vast  number  of  the  operations  continually  taking  place 
in  the  living  body,  that  it  is  scarcely  possible  to  doubt  that  the  same 
causes  are  in  action  in  both  cases.  The  following  is  a  general  account 
of  the  process  in  question. — If  iato  a  tube,  closed  at  one  end  with  a  piece 
of  bladder  or  other  membrane,  be  put  a  solution  of  gum  or  sugar,  and  the 
closed  end  be  immersed  in  water,  a  passage  of  fluid  will  take  place  from 
the  exterior  to  the  interior  of  the  tube,  through  the  membranous  septum; 
so  that  the  quantity  of  the  contained  solution  will  be  greatly  mcreased, 
its  strength  being  proportionably  diminished.  At  the  same  time,  there 
will  be  a  counter-current  in  the  opposite  direction;  a  portion  of  the 
gummy  or  saccharine  sobition  passing  through  the  membrane  to  mingle 
with  the  exterior  fluid,  but  in  much  less  quantity.  The  first  current  is 
termed  Endosniose,  and  the  counter-current  Exosmose.  The  increase  on 
either  side  wiU  of  course  be  due  to  the  relative  velocity  of  the  currents ; 
and  the  changes  will  continue  until  the  densities  of  the  two  fluids  are  so 
nearly  alike,  as  to  be  incapable  of  maintaining  it.  The  greater  the 
original  difference  (provided  that  the  denser  fluid  be  not  actually  viscid, 
but  be  capable  of  mixing  with  the  other),  the  more  rapidly  and  powerfully 
will  the  process  be  performed.  The  best  means  of  experi- 
menting upon  these  phenomena  is  afforded  by  a  tube  narrow 
above,  but  widely  dilated  below,  so  as  to  afford  to  the  mem- 
brane a  large  surface  compared  with  that  of  the  superincum- 
bent column,  which  will  then  increase  in  height  with  great 
rapidity.  By  bending  this  tube  into  the  form  of  a  syj^hon, 
and  introducing  into  its  curve  a  quantity  of  mercury,  the  force 
as  well  as  the  rapidity  of  the  endosmose  between  different 
fluids  may  be  estimated  with  precision.  In  this  way  it  was 
ascei-tained  by  Dutrochet,  in  some  of  his  experiments,  that  fluid  might  be 
raised  against  a  pressure  of  no  less  than  4^  atmospheres,  or  nearly  7  0 
pounds  to  the  square  inch.* — Although  it  is  not  universally  true  that  the 
activity  of  the  process  is  proportional  to  the  difference  in  density  of  the 
two  fluids  (for  in  one  or  two  cases  the  stronger  current  joasses  from  the 
denser  to  the  lighter),  it  seems  to  be  so  with  regard  to  solutions  of  the 

*  For  further  information  on  tliis  curious  subject,  see  the  Art.  '  Endosmosis '  in  tlie 
"  Cyclopsedia  of  Anatomy  and  Physiology,"  Dutrochet's  "Memoires  Anatomiques  et 
Physiologiques,"  tom.  i.,  and  Matteucci's  "Lectures  on  the  Physical  Phenomena  of 
Living  Beings." 
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same  substances  (as  gum  or  sugar)  of  different  strengths.  No  endosmose 
takes  place  between  fluids  wliich  will  not  mingle,  sucli  as  oil  and  water; 
and  very  little  between  sucli  as  act  chemically  on  each  other.  Although 
^an  organic  membrane  forms  the  best  septum,  yet  it  has  been  found  that 
thill  lamiaoe  of  baked  pipe-clay  will  suffice  for  the  evident  production  of 
the  phenomenon ;  and  that  porous  limestones  possess  the  same  property 
in  an  inferior  degi-ee. 

170.  Although  it  may  not  as  yet  be  possible  to  explain  all  the  pheno- 
mena of  Endosmose  upon  physical  principles,  yet  these  wUl  go  so  far 
towards  it,  that  the  general  conditions  of  the  process  may  be  considered 
as  well  understood.  Supposing  that  two  mutually-diffusible  liquids  are 
on  the  opposite  sides  of  a  porous  septum,  which  is  not  equally  penetrable 
by  them,  then  the  one  which  is  most  readily  imbibed  will  tend  to  occupy 
the  capiEary  passages  of  the  septum,  and  will  thus  be  brought  into  con- 
tact with  the  liquid  on  the  opposite  side.  This  contact  will  permit  the 
diffusion  of  that  which  has  passed  through  the  pores  of  the  septum ;  and 
as  fast  as  that  which  occupies  these  pores  is  removed  by  diffusion,  so  fast 
will  it  be  renewed  from  the  other  side, — -just  as  oil  continues  to  ascend 
through  the  capillary  channels  in  the  wick  of  a  lamp,  so  long  as  it  is  being 
dissipated  by  the  combustive  process  at  its  summit.  In  this  way,  then, 
an  Endosmotic  current  is  produced,  the  force  of  which  will  depend  upon 
the  diffusion-powers  of  the  two  liquids,  and  upon  the  difference  of  the 
attractive  powers  wbich  the  capillary  tubes  of  the  septum  have  for  each 
respectively.  Thus,  when  a  solution  of  sugar  or  gum  is  on  one  side  of 
the  septum,  and  water  on  the  other,  the  water  is  the  most  readily  im- 
bibed :  and  consequently  the  chief  mixture  and  diffusion  of  the  liquids, 
the  one  through  the  other,  take  place  at  the  surface  of  the  septum  in 
contact  with  the  more  viscid  liquid.  But  at  the  same  time,  this  liquid  is 
tending  to  diffuse  itself  through  the  water  which  occujiies  the  capillary 
channels  of  the  septum  ;  and,  as  it  is  not  repelled  by  the  septum,  but  is 
only  atti'acted  by  it  in  a  less  degree  than  the  water,  a  portion  of  it  finds 
its  way  in  a  direction  opposed  to  the  principal  current,  and  diffuses  itself 
through  the  water  on  the  other  side,  thus  constituting  Exosmose. — Thus 
it  happens  that  the  direction  of  the  principal  current,  or  Endosmose,  will 
be  determined  by  the  attractive  power  of  the  septum  for  one  or  other  of 
tbe  liquids ;  though  the  diffusion- power  of  the  liquids  through  each  other 
will  help  to  determine  its  force.  When  alcohol  and  water,  for  example, 
are  separated  by  a  septum  composed  of  animal  membrane,  the  endosmotic 
current  will  be  from  the  water  towards  the  alcohol,  because  the  former 
liquid  most  readily  '  wets '  the  membrane,  and  consequently  tends  most 
strongly  to  occupy  its  capillary  passages :  but  on  the  other  hand,  when 
the  separation  is  made  by  a  thin  lamina  of  caoutchouc,  the  endosmotic 
cxu-rent  is  from  the  alcohol  towards  the  water,  because  the  former  is  most 
readily  imbibed  by  the  septvim. 

171.  It  has  further  been  ascertained  by  the  experiments  of  Matteucci, 
that  when  an  organic  membrane  is  employed  as  a  septum,  the  rapidity  of 
transmission  is  considerably  affected  by  the  direction  in  wliich  the  endos- 
motic current  traverses  the  membrane.  Thus  when  the  skin  of  the 
Torpedo  was  employed,  with  a  solution  of  sugar  on  one  side  of  it,  and 
water  on  the  other,  although  there  was  always  an  endosmotic  current  from 
the  water  to  the  sugar,  yet  this  current  was  strong  enough  to  raise  the  in- 
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terior  liquid  to  80  degrees,  wlicn  tlie  water  was  in  contact  with  the  internal 
surface  of  the  membrane,  in  the  same  time  that  was  occuisied  hj  its  rLse 
to  20  degi-ees,  when  the  external  surface  of  the  membrane  was  turned 
towards  the  water.  Again,  when  the  mucous  membrane  of  the  stomach 
of  a  dog  was  used  as  the  septum,  and  its  external  (or  muscular)  sui-face 
was  i^laced  in  contact  with  alcohol,  the  passage  of  water  from  the  other 
side  took  place  with  such  rapidity,  as  to  raise  the  liquid  in  the  tube  to  130 
degrees ;  whilst  if  the  internal  (or  mucous)  surface  of  the  membrane  was 
placed  in  contact  with  the  alcohol,  and  the  muscular  surface  with  water, 
the  cui-rent  was  only  sufficient  to  raise  the  liqiiid  6  degrees  in  the  same 
time :  so  that  it  is  evident  that  the  transudation  of  water  takes  place 
much  more  readily  from  the  mucous  lining  of  the  stomach  towards  the 
outer  side  of  the  viscus,  than  in  an  opposite  direction,  in  virtue  simply  of 
the  jihysical  properties  of  the  membrane.  In  fact,  according  to  Prof 
Matteucci,  the  cases  are  very  rare  in  which,  with  fresh  membranes,  endos- 
mose  takes  j)lace  with  equal  readiness,  whichever  of  their  two  sides  is  ex- 
posed to  the  water.  The  direction  which  is  most  favourable  to  endosmose 
through  skins,  is  usually  from  the  intei-nal  to  the  external  surface,  with 
the  exception  of  the  skin  of  the  frog,  in  which  the  endosmotic  current,  in 
the  single  case  of  water  and  alcohol,  takes  place  most  readily  from  the 
external  to  the  internal  siu&ce.  But  when  stomachs  and  urinary  blad- 
ders ai'e  employed,  the  direction  varies  much  more  in  accordance  with  the 
nature  of  the  liquids  employed.  This  variation  appears  to  have  some 
relation  to  the  physiological  conditions  in  which  these  membranes  are 
placed  in  the  living  animal ;  thus  the  direction  most  favourable  to  endos- 
mose between  water  and  a  saccharine  solution,  is  not  the  same  for  the 
stomach  of  a  Ruminant  as  for  that  of  a  Carnivorous  animal ;  as  yet,  how- 
ever, no  general  statement  can  be  made  on  this  subject.  When  mem- 
branes are  employed,  that  have  been  dried  or  altered  by  putrefaction,  we 
either  do  not  observe  the  usual  difference  arising  from  the  position  of  the 
surfaces,  or  endosmose  no  longer  takes  place;  thus  affording  another 
indication  that  it  is  to  the  physical  condition  of  the  perfectly-organised 
membrane,  that  we  are  to  look  for  many  of  the  peculiarities  which  are 
noticeable  in  the  transudation  of.  fluids  through  them. — The  Exosmotic 
current  does  not  bear  any  constant  relation  to  the  endosmotic,  as  may  be 
easily  comprehended  from  the  preceding  explanation ;  for  if  the  liquids 
have  a  strong  tendency  to  mutual  diffusion,  and  the  difference  in  the 
attractive  power  wHch  the  septum  has  for  them  respectively  is  not  great, 
each  may  find  its  way  towards  the  other,  and  a  considerable  exosmose 
may  ensue,  with  very  little  change  of  level.  The  amount  of  the  ex- 
osmotic as  of  the  endosmoiic  current,  varies  with  the  direction  in  which 
it  traverses  the  membrane  ;  thus  when  sugar,  albumen,  or  gum  was  em- 
ployed in  solution,  its  transudation  towards  water  took  place  most  readily 
from  the  internal  towards  the  external  surface  of  all  the  skins  examined 
by  Matteucci;— a  fact  which  is  not  without  its  significance,  when  it  is 
remembered  that  it  is  in  this  direction  that  the  secretion  of  mucus  takes 
place  on  the  skins  of  fishes,  frogs,  &c. 

172.  Applying  these  considerations  to  the  phenomena  of  Imbibition  of 
liquids  into  the  tissues  and  canals  of  the  living  body,  we  shall  have  to 
enqiure  how  far  they  are  capable  of  being  explained  on  the  physical 
principles  which  have  been  now  brought  forwards.— It  has  been  main- 
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tamed  by  some  that  Absorption  is  a  purely  vital  operation,  because  it 
does  not  occur  save  during  the  continuance  of  life.    But  this  is  not  true; 
since  mbibition  will  take  place  into  dead  tissues,  though  more  slowly 
than  into  the  same  parts  when  Hving;  and  the  difference  of  rate  seems  to 
be  fully  accounted-for,  by  the  difference  of  the  condition  between  a  mass 
of  tissue  all  whose  fluids  are  stagnant,  and  another  in  which  an  active 
circulation  is  taking  place.    Thus  it  is  stated  by  Matteucci,  that  if  the 
hind-legs  of  a  frog  recently  killed  be  immersed  for  some  hours  in  a  solution 
of  ferrocyanide  of  potassium,  every  part  of  the  viscera  will  be  foimd  to  be 
so_  penetrated  with  the  salt,  that  by  touching  it  with  a  glass  rod  moistened 
with  a  solution  of  the  cliloride  of  iron,  a  more  or  less  deep  blue  stain  is 
the  result.    Now  the  same  effect  is  produced  much  more  speedily  in  a 
living  ixog;  and  it  is  easily  proved  that  the  imbibition  takes  place,  in  the 
latter  case,  into  the  blood-vessels,  and  that  the  salt  is  conveyed  to  the 
remoter  parts  of  the  body  by  the  circulation,  instead  of  having  slowly  to 
make  its  way  by  transudation  through  the  tissues,  as  in  the  dead  animal. 
— But  further,  not  only  does  the  movement  of  blood  in  the  vessels  pro- 
mote the  diffusion  of  liquid  which  has  been  already  absorbed;  it  also 
increaa,es  the  rapidity  of  the  absorption  itself  in  a  very  extraordinary  de- 
gree.   Thus,  if  a  membranous  tube,  such  as  a  piece  of  the  small  intes- 
tine or  of  a  large  vein  of  an  animal,  be  fixed  by  one  extremity  to  an 
opening  at  the  bottom  of  a  vessel  filled  with  water,  and  have  a  stopcock 
attached  at  the  other  extremity,  and  be  then  immersed  in  water  acidu- 
lated with  sulphuric  or  hydrochloric  acid,  it  will  be  some  time  before  the 
acid  will  penetrate  to  the  interior  of  the  tube,  which  is  distended  with 
water ;  but  if  the  stopcock  be  opened,  and  the  water  be  allowed  to  dis- 
charge itself,  the  presence  of  the  acid  wiU  be  immediately  discovered  (by 
tincture  of  litmus)  in  the  liquid  which  flows  out,  showing  that  the  acid 
has  been  assisted  in  its  penetration  of  the  walls  of  the  tube,  by  the  passage 
of  a  current  through  its  interior.   Thus  the  continuance  of  the  Circulation 
is  obviously  one  of  the  most  potent  of  all  the  conditions  of  Absorption ; 
and  the  difference  in  the  rate  of  the  process  in  dead  and  living  organisms 
j)laced  imder  the  same  circumstances,  may  be  accounted-for  in  great  part, 
if  not  entirely,  by  the  stoppage  of  the  circulation  in  the  former.    All  the 
circumstances  which  are  laid  down  by  Physiologists  as  favoiu'ing  Absorp- 
tion, are  in  strict  accordance  with  the  Physical  principles  which  have  been 
now  explained.    These  circumstances  are: — 1.  The  ready  miscibility  of 
the  liquids  to  be  absorbed  with  the  juices  of  the  body.    2.  The  j)enetra- 
bility  of  the  tissue  through  which  the  absorption  takes  place.    3.  The 
absence  of  previous  distension  in  the  tissues  or  canals  towaixls  wliich  the 
flow  takes  place.    4.  The  elevation  of  the  temperature,  within  certain 
limits.    5.  The  vascvdarity  of  the  tissue,  and  the  rate  of  movement  of  the 
blood  through  the  vessels. — And  the  results  of  experiments  upon  recently- 
dead  membranes,  which  retain  almost  exactly  the  same  physical  condi- 
tions as  those  wliich  they  possessed  diu'ing  life,  but  have  entirely  lost  their 
Adtal  properties,  seem  most  decidedly  to  indicate,  that  the  relative  facUity 
with  which  different  substances  are  absorbed,  and  the  du-ection  most 
favourable  to  their  passage  through  the  tissues,  are  determined  in  gi-eat 
part  by  the  physical  relations  which  those  tissues  (and  the  vessels  that 
traverse  them)  bear  to  the  liquid  which  is  seeking  to  enter  them.  In 
this  way,  then,  many  of  the  phenomena  of  selective  absorption  are  pro- 
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bably  to  be  explained,  CBpecially  in  Plants  and  the  Wer  Animals:  and 
others  will  be  shown  to  be  due  to  the  endowments  of  the  cells  which  are 
in  relation  with  the  Absorbent  vessels  at  their  origin. 

2.  Absorption  in  Vegetables. 
173  In  the  lowest  orders  of  Plants,  we  find  this  function  performed 
under  its  most  simple  conditions.  Their  substance  is  composed  of  vesicles 
more  or  less  fii-mly  united  to  each  other,  and  but  slightly  altered  from 
theii-  original  spheroidal  form ;  and  the  envelope  which  surrounds  theni 
can  seldom  be  regarded  as  a  distinct  structure,  generally  differing  but 
little  from  the  remainder  of  the  cellular  tissue.  In  all  the  Algce  Zi), 
the  whole  sm-face  appears  to  be  endowed  with  the  power  of  absorption  to 
neai-ly  an  equal  degree;  and  although  the  semblance  of  a  stem  and  roots 
presents  itself  in  the  higher  orders,  yet  these  seem  to.  have  no  other  fimc- 
tion  than  to  give  the  means  of  attachment  to  the  frondose  expansion. 
The  preference  of  particular  species  of  Algfe  for  particular  rocks,  cannot 
be  fairly  considered  to  indicate  that  any  special  absorption  of  the  mineral 
particles  takes  place  thi-ough  their  roots ;  it  is  much  more  probably  due  to 
the  fact,  that  the  materials  of  these  rocks  are  in  some  degree  diffused  by 
solution  through  the  neighbouring  water :  and  something  may  be  also 
attributable  to  the  mechanical  qualities  of  the  rocks,  as  affording  advan- 
tageous surfaces  for  attachment. — The  difference  in  the  situation  inha- 
bited by  the  Licliens  (§  25)  appears  to  involve  a  separate  appropriation  of 
portions  of  their  surface  to  the  nutritive  and  reproductive  fvmctions,  and 
a  certain  specialization  of  the  absorbing  organs.  The  upper  surface  of 
these  plants,  being  exposed  to  the  sun  and  air,  becomes  hard  and  dry,  a 
condition  which  seems  to  favour  the  evolution  of  the  fruit ;  whilst  it  is 
mostly  by  the  lower  surface,  which  is  usually  soft  and  pale,  that  the 
nutriment  is  introduced  into  the  system.  The  latter  is  not  unfrequently 
furnished  with  hair-like  prolongations,  which  not  only  serve  to  fix  the 
plant,  but  appear  to  be  much  concerned  in  the  absorption  of  its  aliment; 
being  so  much  developed  in  some  Lichens,  which  are  located  upon  the 
ground,  as  almost  to  resemble  roots. — In  the  Fungi  we  find  the  same 
evolution  of  the  more  special  organ  from  the  more  general  type.  The 
lower  forms  of  this  group  (§  26)  seem  to  imbibe  their  aliment  by  their 
whole  surface ;  but  in  the  more  complex  structures,  in  which  the  repro- 
ductive system  is  separated  from  the  nutritive  by  the  intervention  of  a 
stalk  (as  in  the  Mushroom),  the  mycelium  at  its  base  is  prolonged  into 
filaments,  whereby  the  decaying  matter,  that  constitutes  the  food  of  this 
remarkable  group  of  plants,  is  introduced  into  the  system.  In  some 
species,  too,  the  whole  surface  is  covered  with  hair,  which  may  assist 
their  very  rapid  development  by  absorption  of  fluid  from  the  atmosphere. 
— In  the  Mosses  and  their  allies  (§  27),  we  find  a  somewhat  higher  form 
of  the  same  structure.  From  the  base  of  the  stem  there  usually  proceed 
slender  radical  filaments,  which  sometimes  ramify  through  the  soil  to  a 
considerable  extent ;  and  other  similar  filaments  are  frequently  developed 
from  the  sides  of  the  stalk,  and  from  the  lower  surfaces  of  the  leaves.  In 
Mosses  that  exist  on  rocks,  however,  these  filaments  ai-e  but  little  deve- 
loped, and  appear  to  serve  rather  for  mechanical  support,  than  for  ab- 
sorption of  nourishment,  wliich  must  in  such  circumstances  be  derived 
from  the  atmosphere  through  the  leaves.    Tlieae,  as  is  well  known,  are 
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very  permeable  to  fluid,  so  tliat  the  application  of  moisture  will  cause 
Mosses  to  recover  the  appearance  of  life  after  being  long  diied ;  and  the 
same  property  enables  these  beautiful  little  plants  to  vegetate  rapidly 
dviring  a  moist  season,  whilst  theii"  tenacity  of  life  enables  them  to  with- 
stand a  sxibsequent  di-ought. — In  ascending  through  these  tribes  of  Ciyp- 
togamia,  then,  we  may  trace  a  gradual  development  of  separate  absorbent 
organs,  and  may  observe  the  sjjecialization  of  the  function,  by  its  restric- 
tion to  one  particular  part  of  the  surface,  instead  of  being  diffused  over 
the  whole.  The  absorbent  filaments,  however,  are  very  inferior  in  their 
structure  to  true  'roots,'  being  little  else  than  elongated  cells,  resembling 
the  hairs  with  which  other  parts  of  the  surface  are  covered ;  and  they 
seem  to  absorb  fluids  eqiially  throughout  their  entire  length.  Further,  we 
find  that,  when  these  special  organs  are  not  developed,  or  are  insufficiently 
siipplied  with  nutriment,  the  general  sixrface  can  take-on  its  original 
function,  and  thus  supply  the  deficiency. 

174.  It  is  in  the  Ferns  (§  28)  that  we  first  meet  with  a  regular  '  de- 
scending axis'  of  growth,  from  which  the  absorbent  fibres  are  given  off; 
and  this  is  evolved  in  its  completest  form  in  the  Plia/nerogamia  (§  29). 
In  these  Vascular  plants,  moreover,  it  seems  to  be  tkrough  the  newly- 
formed  succulent  extremities  alone,  that  fluid  is  admitted ;  and  the  func- 
tion is,  of  course,  more  actively  performed  by  them,  in  proportion  to  the 
diminution  in  the  amount  of  surface  they  expose.  The  root  presents  a  great 
variety  of  forms  in  different  plants;  there  are,  however,  some  parts  which 
are  essential,  and  others  that  are  merely  accessory.  The  simplest  form, 
as  well  as  the  most  essential  part,  consists  of  single  fibres ;  these  occa- 
sionally exist  alone  (as  at  the  base  of  '  bulbs'),  but  more  often  proceed 
from  ramifying  branches  of  woody  texture  (as  in  most  trees  and  shrvibs), 
or  from  '  tubers'  (as  that  of  the  turnip).  Each  radical  fibre  is  of  a  struc- 
ture far  more  complex  than  the  absorbent  filaments  just  mentioned  as 
existiuo'  in  Cellular  plants;  for  it  is  a  cyliuder,  in  whose  axis  lies  a  bundle 
of  fibro%ascular  tissue,  whilst  its  exterior  is  composed  of  firm  cellular 
parenchyma;  at  its  free  termination,  however,  the  extremities  of  the 
vessels  are  covered  with  loosely-formed  cell\ilar  tissue,  tlu-ough  which  the 
fluid  passes  intt)  them.  The  sponcjiole,  as  this  poiut  has  been  termed,  is 
sometimes  spoken-of  as  a  cUstiuct  organ;  but  it  is  nothiug  more  than  the 
o-rowing  point  of  the  root,  which,  with  a  few  exceptions,  lengthens  only 
by  additions  to  its  extremity.  The  soft  lax  textui-e  of  the  newly-formed 
part  causes  it  to  possess,  in  an  eminent  degree,  the  power  of  absoii^tion ; 
but  as  the  fibre  continues  to  grow,  and  additional  tissue  is  formed  at  its 
extremity,  that  which  was  formerly  the  spongiole  becomes  consoHdated 
into  the  general  structure  of  the  root,  and  loses  almost  entii-ely  its  pecu- 
liar properties.  That  it  is  to  the  spongioles  that  the  principal  absorbmg 
power  of  the  root  is  due,  was  fully  proved  by  the  expeiiment  of  Senebier. 
Havin'^  fixed  two  roots  in  such  a  manner,  that  the  extremity  of  one  was 
in  contact  with  water,  whUst  of  the  other  every  part  was  immersed 
except  the  extremity,  he  found  that  the  first  root  absorbed  nearly  as  much 
as  usual,  wliilst  the  second  scarcely  took  up  a  sensible  quantity.  It  is 
not  improbable  that  the  relative  absorbent  power  of  the  spongioles  and  ot 
the  general  surface  of  the  root,  may  vary  in  different  plants,  accordmg  to 
the  character  of  the  texture  of  each,  and  the  situation  in  which  it  grows ; 
but  it  appears  to  be  a  general  fact,  that,  m  Vascular  plants,  the  spongioles 
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are  the  organs  specially  destined  for  introducing  the  fluid  nutriment  into 

*^'l7?*There  care  evident  limits  to  the  supply  of  alimentary  materials  to 
the  roots  of  Plants,  so  long  as  they  remain  in  the  same  spot  ;  and  some 
change  must  take  place  to  ensure  its  continuance.  As  the  Plant  cannot 
remove  itself  to  a  new  situation,  its  wants  are  provided-for  by  the  simple 
elongation  of  its  racUcal  fibres ;  and  their  extension  takes  place,  not  by 
increase  throughout  their  whole  length,  but  by  addition  of  fresh  tissue  to 
theii-  points.  This  addition,  being  made  in  the  direction  of  least  resist- 
ance enables  the  fibrils  to  insinuate  themselves  into  the  firmest  soil,  and 
even  to  overcome  the  obstacle  presented  by  solid  masonry;  for  however 
narrow  the  crevice  may  be  into  which  the  filament  enters,  the  subsequent 
expansion  of  the  tissue  by  the  infiltration  of  fluid  is  so  great,  as  to  enlarge 
the  opening  considerably,  and  even  to  rupture  masses  of  stone.  This 
tendency  to  increase  in  the  direction  of  least  resistance,  will  also  evidently 
cause  the  root  to  grow  towards  a  moist  situation;  and  by  keeping  this  in 
view,  many  of  the  facts  regarding  the  so-called  instinct  of  plants,  which  at 
first  'sight  appear  so  remarkable,  may  be  satisfactorily  explained.  Thus, 
it  was  noticed,  when  the  water  of  the  New  River  was  conveyed  thi-ough 
wooden  pipes,  that  if  these  pipes  were  carried  within  thirty  yards  of  trees, 
they  were  very  likely  to  be  in  time  obstructed  by  their  roots ;  which 
'found'  the  joints,  and  then  spread  out  in  'foxtails'  of  fibres,  two  or  three 
feet  long.  It  is  well  known  to  the  agriculturist,  that  the  course  of  large 
di-ains,  even  at  a  considerable  depth  in  the  ground,  is  liable  to  be  inter- 
i-upted  by  the  extension  of  roots,  not  only  from  trees,  but  also  from 
apparently  insignificant  plants.  Thus  at  Saucethorpe,  in  Lincolnshire,  a 
di-ain  nine  feet  deep  was  fiUed-up  by  the  roots  of  an  elm-tree,  which  was 
growing  at  upwards  of  fifty  yards  from  the  drain :  a  deep  drain  outside 
the  garden-wall  at  Welbeck  was  entirely  stopped  by  the  roots  of  some 
horse-radish  plants,  which  grew  seven  feet  into  the  ground :  and  at 
Thoresby  Park,  a  drain  fourteen  feet  deep  was  entirely  stopped  by  the 
roots  of  gorse  growing  at  a  distance  of  six  feet  from  it.* — In  other  cases, 
we  must  attribute  the  result  to  the  dispersion  of  vajDOur  through  the 
atmosphere  in  a  particular  direction.  Thus,  in  a  case  which  fell  under 
the  Author's  cognizance,  a  lime-tree,  which  grew  at  the  distance  of  about 
fifteen  feet  from  the  shaft  of  a  well,  sent  a  single  long  root  through  the 
soil,  in  a  direct  line  towards  a  point  of  the  shaft  at  which  there  was  a 
small  aperture  left  by  the  deficiency  of  a  brick  :  this  aperture  was  at  a 
height  of  eleven  feet  above  the  usual  level  of  the  water  in  the  well ;  and 
the  root,  having  passed  through  it,  divided  into  a  brush-like  mass  of  fibres, 
which  descended  into  the  water,  and  formed  a  large  mass  in  the  lower 
part  of  the  well.  Again,  in  a  peculiar  case  known  to  the  Author,  in 
which  one  tree  gi-ew  upon  the  trunk  of  another,  having  originated  from  a 
seed  deposited  at  about  twelve  feet  above  the  ground,  one  of  the  large 
roots  which  it  sent  down,  subdivided  about  two  feet  above  the  surface  of 
the  ground,  instead  of  proceeding  directly  down  to  it,  as  did  all  the  rest. 
Now  this  subdivision  took  place  above  a  large  stone,  on  the  centre  of 
which  the  root  would  have  impinged,  if  it  had  continued  to  grow  directlv 
downwards ;  and  it  woidd  appear  as  if  its  division,  half  proceeding  to  one 


*  "  Jnurnal  of  the  Royal  Agricultural  Society,"  Vol.  I.  p.  364. 
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side,  and  half  to  the  other,  was  due  to  the  direction  given  to  its  growth 
by  the  ascent  of  vapour  from  tjie  soil  beneath.  On  the  same  principle 
we  are  probably  to  explain  the  following  case.  "  Near  the  waterfall  at 
the  head  of  the  river  Leven,  in  the  Western  Higlilands,  is  the  ti-unk  of  a 
decayed  oak,  rotten  within,  hxxt  alive  on  some  parts  of  the  outside.  From 
one  of  these,  a  shoot  grows  out,  about  fifteen  feet  from  the  gi-ound ;  and 
this  shoot  has  proti-uded  from  its  lower  part  a  root,  which,  after  having 
reached  the  ground  (a  bare  rock),  runs  along  the  rock  in  a  hoi-izontal 
position,  about  thirty  feet  further,  tiU  it  reaches  a  bank  of  earth  in  which 
it  has  embedded  itself."* 

176.  The  absorbent  power  of  the  Spongioles  appears  limited  by  the 
size  of  their  pores ;  for  if  the  roots  be  immersed  in  coloured  solutions, 
they  take  up  the  most  finely  divided  particles,  leaving  behind  the  larger 
molecules,  which  are  only  absorbed  when  the  spongioles  have  been 
damaged.  The  pores  are  liable  to  be  blocked-up  by  fluids  which  are  of  too 
viscid  or  glutinous  a  consistence  to  pass  readily  through  them ;  and  if  the 
roots  be  immersed  in  a  thin  solution  of  gum  or  sugar  or  neutral  salts,  the 
watery  particles  are  absorbed  in  the  greatest  degree,  so  that  the  portion 
which  is  left  contains  a  larger  propoi-tion  of  the  ingredient  in  solution. 
The  power  of  selection,  however,  would  seem  to  extend  beyond  this: 
since  of  two  substances  equally  dissolved,  some  plants  will  take  one,  and 
some  the  other;  whilst  some  neutral  salts  are  rejected  altogether.  It  does 
not  appear  that  the  selecting  power  is  employed  to  prevent  matter,  which 
is  capable  of  exerting  a  deleterious  influence  upon  the  j^lant,  from  being 
introduced  into  its  tissue;  for  many  substances  are  taken-up  by  the 
roots,  which  speedily  put  a  stop  to  vital  action,  if  opportunity  be  not 
afibrded  for  their  excretion.  From  the  little  that  is  at  present  known  on 
the  subject,  it  seems  a  reasonable  inference,  that  the  rejection  of  any  pai- 
ticular  ingredient  of  the  fluid  ia  contact  with  the  roots,  results  either  from 
an  organic  change  effected  by  it  on  their  delicate  tissue  (such  as  is  proved 
by  the  experiments  of  M.  Payent  to  occur  when  tannin  enters  into  the 
solution,  even  in  very  minute  proportion),  or  from  the  want  of  molecular 
attraction  between  its  particles  and  the  substance  of  the  spongioles.  That 
some  kind  of  relation  between  the  living  tissue  and  the  crystalline  cha- 
racter of  the  salt,  is  concerned  in  the  selection,  appears  from  the  interest- 
ing resvilts  of  the  experiments  of  Dr.  Daubeny  on  the  absorption  of 
mineral  substances  by  Plants.  He  has  found  that,  if  a  Plant  naturally 
absorbs  the  compounds  of  any  particular  base,  it  may  also  take-up  those 
of  another  base  wliich  are  isomor2)hous  with  them  (most  vegetables,  for 
example,  absorbing  the  salts  of  Lime  and  Magnesia  with  equal  readiness); 
whilst  salts,  however  soluble,  which  have  a  crystalline  arrangement 
different  from  theirs  (such  as  those  of  Strontia),  are  not  absorbed.  | — The 
quantity  of  fluid  absorbed,  and  the  force  with  which  it  is  propelled  up- 
wards in  the  stem,  vary  not  only  in  different  species  and  individuals,  but 

*  "Gardeners'  Magazine,"  Oct.  1,  1837. 

t  "  Annalesdes  Sciences  Naturelles,"  Deuxieme  S6rie,  Botan.,  Tom.  III.  p.  5,  &c. 

t  "Linnoean  Transactions,"  1833.— Some  recent  experiments,  however,  by  the  same  dis- 
tinguished Chemist,  indicate  that  potash  and  soda  cannot  be  substituted,  one  for  the  other, 
in  the  vegetable  organism,  to  any  great  extent ;  for  the  proportions  of  these  two  bases  m 
the  alkaline  ash  of  barley  are  nearly  the  same,  whether  the  soil  in  which  the  bai-ley  is 
grown  be  manured  with  potash  or  with  soda,  or  be  left  without  artificial  addition,  (bee 
"Journal  of  the  Chemical  Society,"  Vol.  V.  p.  9.) 
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in  the  same  plant  at  different  periods  of  the  year,  and  even  of  the  day. 
The  former  seems  intimately  connected  with  the  activity  with  which  the 
other  processes  of  vegetation  are  being  carried  on,  and  especially  to 
depend  upon  the  quantity  of  vapour  transpired  from  the  leaves  (ohap. 
viiS-  aU  the  causes  which  increase  exhalation,  may  therefore  be  con- 
sidered as  stimulants  to  absorption  also.  The  vis  cl  tergo  possessed  by  the 
ascending  sap,  is  sufficiently  proved  by  the  celebrated  experiments  of 
Hales  on  the  vine.  By  gages  affixed  to  the  stem  during  the  bleeding- 
season,'  when  the  sap  rises  rapidly,  he  found  tha,t  acolumn  of  mercury  26 
inches  high,  equal  to  a  column  of  water  of  nearly  31  feet,  might  be  sup- 
ported by  the  propeUent  force  of  the  absorbent  organs;  but  if  the  upper 
pai-t  of  the  plant  was  cut  off,  this  power  soon  cUminished,  and  afberatime 

ceased  altogether.  i       u  +  ^ 

177.  There  would  seem  much  reason  to  believe,  that  the  mere  act  ot 
Absorption  in  this  and  other  cases,  is  due  to  the  physical  property 
ah-eady  referred-to,  as  possessed  by  many  organised  tissues,— viz .  the 
capability  of  producing  Endosmose  (§  169).  The  succulent  extremities 
of  the  spongioles  serve  as  the  medium  required  for  this  process ;  but  it 
may  be  reasonably  enquired  whence  the  other  condition  is  fm-nished, 
namely,  that  difference  in  density  of  the  fluids  on  the  opposite  sides  of 
the  septum,  which  is  necessary  for  the  commencement  and  continuance 
of  the  action.  This  is  supplied,  in  the  first  instance,  by  the  store  of 
nutritious  matter  obtained  by  the  embryo  from  its  parent,  and  contained 
within  its  tissues ;  and,  possibly,  at  a  later  period,  when  the  plant  is  sup- 
porting an  independent  existence,  by  the  admixture  of  a  portion  of  the 
dense  elaborated  sap,  with  the  crude  and  watery  ascending  fluid.  If  this 
be  the  tnie  explanation  of  the  phenomenon,  a  counter-current  ought  to 
exist,  and  an  exosmose  of  the  fluids  within  the  system  should  take  place 
into  the  surrounding  medium.  That  this  is  actually  the  case,  would 
appear  from  the  fact,  that  an  excretion  of  the  peculiar  products  of  the 
species  may  be  often  detected  around  the  roots  of  the  plant.  The  cessa- 
tion of  this  action  of  admixture  (a  change  evidently  depending  upon 
other  vital  actions)  at  the  death  of  a  plant,  fully  accounts  for  the  non- 
continuance  of  endosmose ;  which  is  also  checked  if  the  superincumbent 
column  of  fluid  be  not  drawn  off  by  the  leaves.  It  has  been  very  justly 
remarked  by  Professor  Henslow,  that,  "  if  we  suppose  the  plant  capable 
of  removing  the  imbibed  fluid  as  fast  as  it  is  absorbed  by  the  spongioles, 
then  we  may  imagine  the  possibility  of  a  supply  being  kept  up  by  the 
mere  hygi-oscopic  property  of  the  tissue;  much  in  the  same  way  as  the 
capillary  action  of  the  wick  in  a  candle  maintains  a  constant  supply  of 
wax  to  the  flame  by  which  it  is  consumed."*  And  this  is  probably  the 
explanation  of  the  fact,  that  absorption  of  fluid  continues  to  take  place 
into  the  open  mouths  of  the  vessels,  when  the  upper  part  of  a  plant  is 
cut  off,  and  the  divided  extremity  is  immersed  in  water ;  for,  so  long  as 
exhalation  takes  place  from  the  leaves,  so  long  will  a  demand  for  fluid 
be  created  in  the  vessels  from  which  they  draw  their  supply. 

178.  It  is  an  axiom  in  Vegetable  Physiology,  which  has  been  laid 
down  by  De  Candolle,  "  that  when  a  particular  function  cannot,  accord- 
ing to  a  given  system  of  structure,  be  sufficiently  carried  into  effect  by 


*  Treatise  ou  'Botany'  in  the  " Cabinet  Cyclopoedia,"  p.  177. 
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the  organ  wliich  is  onlinarily  appropriated  to  it,  it  is  performed  wholly 
or  iu  piu-t  by  another."  This  is  a  single  case  of  the  general  principle 
which  has  been  already  laid  down  (§  110);  and  the  reason  that  it  is 
more  evident  in  the  Vegetable  than  in  the  Animal  kingdom,  is  simply, 
that  in  tlie  former  the  specialization  of  function  is  nowhere  earned  so 
far  as  in  the  latter ;  so  that  any  part  of  the  general  sm-face  of  a  jilant 
can  perform  in  a  considerable  degree  all  the  functions  of  all  the  rest. 
We  miglit  then  ct  priori  expect,  that  whilst  the  roots  are,  in  the  usual 
condition  of  the  perfect  plant,  the  organs  by  which  its  fluid  nutriment  is 
absorbed,  and  the  leaves  its  organs  of  transpiration  and  respiration, 
some  traces  of  the  primitive  community  of  function  enjoyed  by  the 
general  surface  of  the  simpler  tribes,  would  be  found  in  the  capacity  of 
each  of  these  organs  to  perform  in  a  certain  degree,  if  required,  the 
function  of  the  other.  Thus,  it  is  evident  that  when  the  roots  are  either 
absent  or  imperfect,  or  are  implanted  in  an  arid  or  barren  soil,  serving 
merely  to  fix  the  stem  (as  happens  with  many  Orchidece  and  the  gene- 
rality of  aerial  parasites),  the  plant  must  derive  its  chief  supply  of  nutri- 
ment thi'ough  the  absorption  performed  by  the  leaves,  or,  in  leafless  plants, 
(as  the  Cactece),  through  the  general  sui-face.  And  it  must  be  obvious 
to  all  who  have  observed  the  manner  in  which  plants,  faded  by  the 
intense  action  of  light  and  heat,  are  refreshed  by  the  natural  or  artificial 
application  of  moisture,  that  absorption  takes  place,  in  these  instances 
also,  by  the  general  surface,  as  well  as  by  the  roots. — ^Various  experi- 
ments have  been  devised,  with  the  view  of  determining  the  relative 
extent  to  which  the  plant  is  supplied  by  these  two  channels;  but  the 
proportion  appears  to  depend  upon  the  circumstances  of  its  growth. 
Thus,  Bonnet  took  some  specimens  of  Mercwrialis,  and  immersing  the 
roots  of  part  of  them  in  water,  he  placed  others  so  that  only  their  leaves 
touched  the  fluid.  A  small  shoot  of  each  plant  was  kept  from  contact 
with  water ;  and  after  the  experiment  had  proceeded  for  five  or  six 
weeks,  those  which  had  derived  all  their  nutriment  through  the  leaves 
were  nearly  as  vigorous  as  those  which  had  imbibed  it  by  the  roots.  It 
is  by  the  under  sui-face  of  the  leaf,  where  the  cuticle  and  cellular  tissue 
beneath  it  ai-e  least  compactly  arranged,  that  absorption  is  performed  with 
the  greatest  rapidity;  and  the  downy  hairs  with  which  some  plants  are  plen- 
tifufiy  furnished,  seem  to  contribute  to  this  function,  acting  like  so  many 
rootlets.  These  prolongations  of  the  surface  are  usually  wanting  in  such 
plants  as  grow  in  damp  shady  situations,  where  moisture  abeady  exists 
in  abundance ;  but  in  hot,  dry,  exposed  localities,  where  it  is  necessary 
that  the  plant  should  avail  itself  of  every  means  of  collecting  its  food,  we 
find  the  leaves  thickly  set  with  them;  and  this  diversity  maybe  observed 
in  difierent  individuals  of  the  same  species  of  plant,  according  to  the  soil 
and  climate  in  which  they  exist,  and  even  in  the  same  individual  if 
transplanted. 

179.  In  tracing  the  gradual  evolution  of  the  special  Absorbent  appa- 
ratus of  the  more  perfect  Plants,  we  may  observe  many  iuteresting 
relations  between  the  progressive  stages  of  its  development,  and  the  per- 
manent forms  of  the  same  system  in  the  lower  ordei-s.  Thus,  the  embryo 
at  its  first  appearance  within  the  ovule  (chap,  xi.)  is  nothing  but  a  smgle 
cell,  like  that  of  the  Frotococcus,  in  the  midst  of  the  store  of  semifluid 
nutriment  prepared  by  its  parent,  which  it  gradually  absorbs  by  its  whole 
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surface,  just  as  do  the  simplest  Cellular  plants.  At  thetime  of  the  ripen- 
^'  of  the  seed,  we  find  a'  rudiment  of  the  futtu-e  root  which  is  deve- 
Wd  durmg  germination ;  but  in  the  early  stages  of  this  process,  the 
■aide  simply  prolongs  itself  into  the  ground,  and  -Pf .^^.^^^^^^ 
capable  of  iiibibing  moisture  thiwgh  its  whole  length,  like  t^at  of  the 
Liverworts  or  MosSes.  It  is  not  untH  the  true  leaves  are  evolved,  that 
the  root  begins  to  extend  itself  by  ramification;  then  first  protruding 
peifect  fibrUs,  composed  of  woody  fibre  and  vessels  and  terminated  by 
s])ongioles.-Thus,  then,  in  the  development  of  the  Absorbent  system  of 
Vecretables,  the  first  which  we  have  been  called  upon  to  study  m  detail, 
we  find  a  characteristic  example  of  the  laws  which  have  been  already 
enunciated  (chaps,  i.,  ii.)  ;  for  it  has  been  shown  that,  whether  we  trace 
its  various  forms  through  the  ascending  scale  of  the  difierent  tribes  of 
Plants,  or  watch  the  progress  of  its  evolution  in  the  more  perfect  orders, 
it  is  constantly  to  be  observed  that  the  special  structure  and  function 
ai-ise  by  a  gradual  change  out  of  one  more  general;  and  that,  even  where 
the  special  organ  is  most  highly  developed,  the  general  structure  retains, 
in  some  degree,  the  primitive  community  of  function  which  originally 
chai-acterised  it. 

3.  Absorption  in  Animals. 

180.  It  has  been  shown  in  the  preceding  chapter,  that  the  conditions 
under  which  the  function  of  Absorption  is  performed  in  Animals,  are  so 
far  different  from  those  which  obtain  in  Plants,  that  a  preparatory  pro- 
cess of  Digestion  becomes  necessary  in  the  former,  for  the  reduction  of 
the  food  to  the  fluid  form  required  for  its  entrance  into  the  system.  This 
process  is  effected  in  cavities  of  the  body,  which  are  bounded  by  a  con- 
tinuation of  its  external  surface,  modiffed,  by  its  secreting  power,  to 
supply  the  means  necessary  for  the  solution  of  the  aliment,  and,  by  its 
absorbent  faculty,  for  the  selection  of  the  part  of  it  capable  of  contri.buting 
to  the  nutrition  of  the  fabric.  But  so  long  as  this  aliment  remains  un- 
absorbed,  it  cannot  be  regarded  as  introduced  into  the  system ;  since  it 
merely  holds  the  same  relation  to  the  absorbent  vessels,  that  the  nutri- 
tious fluid  in  which  the  roots  of  plants  may  be  immersed,  bears  to  the 
ducts  which  they  enclose.  This  is  brought  into  clear  view  by  the  remark- 
able fact,  that  the  poison  of  the  most  venomous  Serpents,  and  the  Woorara- 
poison  of  the  South  American  Indians,  of  either  of  which  a  very  small 
quantity  will  produce  death  when  it  is  introduced  by  the  minutest  punc- 
tm-e  or  scratch  into  the  current  of  the  circulating  fluid,  are  perfectly 
innocuous  when  taken  into  the  stomach;  the  mucous  membrane  of  the 
alimentary  canal  apparently  having  a  peculiar  inaptitude  for  allowing 
them  to  penetrate  by  imbibition,  either  into  the  blood-vessels  or  into  the 
absorbents.  Some  experiments  recently  made  upon  the  latter  substance, 
by  MM.  Bernard  and  Pelouze,  are  peculiarly  interesting,  as  confirming 
the  statement  already  made  (§  176),  that  the  absorption  of  particulai- 
substances,  however  favourable  their  condition  may  appear,  may  be  pre- 
vented by  the  simply-physical  conditions  of  the  membrane  which  they 
have  to  traverse.* 


*  That  the  absence  of  poisonous  effects  from  the  Woorara  poison,  when  it  is  simply 
introduced  into  the  stomach,  docs  not  arise  from  any  modification  effected  in  its  properties 
by  the  agency  of  the  gastric  juice,  is  shown  by  the  fact  that  the  poison,  after  digestion  in 
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181.  It  has  further  been  sliowii  that  the  introduction  of  the  nutritive 
material  into  the  system,  is  eftected  in  the  lowest  animals  by  smiple 
imbibition  into  the  tissues  that  surround  the  digestive  cavity,  and  by 
percolation  thi-ough  them  towards  the  more  remote  pai-ts ;  and  where 
such  is  the  case,  the  digestive  cavity  either  itself  occupies  a  veiy  large 
pai-t  of  the  body,  as  in  the  Hydroid  Polypes  (§  151),  or  prolongations  of  it, 
in  the  form  of  canals,  extend  to  the  pai-ts  remote  from  the  principal 
cavity,  as  in  many  of  the  Acalephse  (§  153).  In  most  other  Invertebrata,  the 
nutritive  materials  are  taken-uj),  not  directly  from  the  digestive  sac,  but 
from  the  visceral  cavity  in  which  it  lies.  Into  this  visceral  cavity  they 
freely  pass,  by  the  apertures  that  remain  patent  in  the  Actinifbrm  and 
Alcyonian  polypes  (§  152);  but  in  all  the  higher  forms  of  the  digestive 
apparatus,  the  passage  takes  place  only  by  transudation  through  the 
walls  of  the  stomach  and  intestinal  tube;  the  chyle,  or  incipient  blood, 
being  thus  filtered-off  (so  to  speak)  from  the  chyme,  or  primary  j^roduct  of 
digestion.  In  the  lowest  MoUusca  (Fig.  49)  as  in  Rotifera  (Fig.  96),  and 
certain  Crustaceans  (Fig.  105),  the  flux  and  reflux  of  this  chylous 
fluid  through  the  body  constitute  the  only  means  by  which  its  tissues 
are  supplied  with  nutriment;  and  even  in  the  higher  MoUusca,  Insects, 
and  Crustacea,  the  sanguiferous  system  is  in  such  free  communication 
with  the  visceral  cavity,  that  their  blood  cannot  be  difierentiated  from 
its  contents.  There  is  in  these  animals,  therefore,  no  other  special 
absorption,  than  that  which  takes  place  through  the  walls  of  the  alimen- 
tary canal.  But  in  the  Echinodermata  and  Annelida,  which  have  a 
closed  sanguiferous  system,  the  contents  of  this  must  be  taken-up,  either 
from  the  visceral  cavity  (which  still  appears  to  be  the  principal  channel 
for  the  transmission  of  nutritive  materials  through  the  body,  thefr  san- 
guiferous circulation  being  in  all  probability  chiefly  subsexwient  to  respira- 
tion) or  directly  from  the  alimentary  canal.  That  absorption  does 
take  place  in  this  latter  mode,  would  seem  probable  from  the  very 
minute  distribution  of  blood-vessels  upon  the  surface  of  the  intestinal 

that  fluid  for  24  or  48  hours,  remains  as  virulent  as  ever ;  wMlst  the  gastric  fluid  to  which 
"Woorara  has  been  added,  loses  none  of  its  solvent  power.  The  various  secretions  which 
make-up  the  intestinal  juices,  have  been  experimented-on  with  the  same  results.  Hence  it 
appears  that  the  cause  of  the  ionocuousness  of  the  poison,  under  these  cii-cumstances,  must 
be  looked-for  ia  the  gastro-intestioal  mucous  membrane,  which  will  not  give  passage  to 
the  active  principle  of  the  poison,  soluble  as  this  is.  Expeiiment  proves  this  to  be  the 
case.  If  the  gastric  mucous  membrane  of  a  recently -killed  animal  be  adapted  to  an  endos- 
mometer,  so  that  the  mucous  sui-face  looks  outward,  and  the  endosmometer  containing 
sugared  water  is  then  placed  in  a  watery  solution  of  woorara,  endosmose  will  have  been 
found  to  have  taken  place  in  three  or  four  hours,  for  the  Uquid  wiUhave  risen  m  the  tube ; 
and  yet  this  wiU  contain  no  trace  of  woorara,  as  may  be  ascertained  by  moculatmg  with 
it.  If  the  expei-iment  were  allowed  to  go  on  for  a  much  longer  time,  the  endosmosis  of 
the  poison  might  occur- ;  but  we  should  then  find  that  the  mucous  membrane  had  under- 
gone modification,  the  mucus  and  epitheUum  covering  it  being  altered,  so  that  imbibitionand 
endosmosis  of  the  woorara  becomes  possible ;  and  if,  in  place  of  taking  a  quite  fresh  mucous 
membrane,  we  take  one  that  has  undergone  some  change,  the  endosmosis  of  the  poisonous 
fluid  occurs  instantly.— As  it  was  interesting  to  ascertain  whether  other  mucous  membranes 
possessed  this  resisting  power,  those  of  the  bladder,  nasal  fossas,  and  eyes  were  tried,  a,ud 
constantly  with  the  same  results.  An  injection  was  retained  in  the  bladder  without  in- 
convenience, for  from  six  to  eight  hours,  by  a  dog;  but  the  urme  it  passed  after  this 
time  had  aU  the  toxical  properties  of  woorara.  One  mucous  membrane  alone,  the  pulmo- 
nary, is  excepted  from  this  immunity  ;  for  the  poison,  when  apphed  to  ^it,  pi-oduces  the 
same  eifects  as  when  introduced  into  the  subcutaneous  areolar  tissue.—  h  umon  meai- 
cale,"  1850,  No.  125. 
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tube,  which  will  be  shown  to  exist  in  the  Holothuria  (Fig.  40)  and  in 
many  Annelida  (Figs.  114,  115).  xi,  x  ^-u       x  • 

182.  In  the  Vei-tebrata,  however,  it  is  by  vessels  alone,  that  the  nutri- 
tive fluid  is  removed  from  the  alimentary  canal,  the  walls  of  wliich  do 
not  allow  it  to  transude  into  the  surrounding  cavity.  And  we  here  find 
provided,  in  addition  to  the  blood-vessels  that  are  copiously  distributed 
upon  the  coats  of  the  gastro-intestinal  tube,  a  special  set  oi  Absorbent  vessels, 
which  seem  to  be  destined,  not  only  for  the  introduction  of  nutritive  mate- 
rials into  the  system,  but  also  for  submitting  these  to  a  certain  preparation 
(chap.  VIII.),  before  they  are  admitted  into  the  current  of  the  circulation. 
The  '  Absorbent  system'  of  vessels  consists  of  two  principal  divisions, 
Avhich  may  be  compared  to  two  sets  of  roots  proceeding  from  a  common 
tnink;  one  of  these  commences  upon  the  walls  of  the  intestines,  and  is 
termed  the  '  Lacteal'  system,  from  the  milky  character  of  the  '  chyle' 
which  it  contains;  whilst  the  other  takes  its  origin  in  various  parts  of 
the  substance  of  the  organism  at  large,  especially  in  the  skin  and  sub- 
cutaneous textures,  and  is  known  as  the  '  Lymphatic'  system,  from  the 
transparent  watery  aspect  of  the  liquid  it  conveys. — Although  the  walls 
of  the  whole  gastro-intestinal  canal  are  furnished  with  Absorbent  vessels, 
in  common  with  other  membranous  surfaces,  yet  it  is  on  those  of 
small  intestine,  below  the  point  at  which  the  liver  and  pancreas  dis- 
charge their  secretions,  that  the  Lacteals  espe- 
cially abound;  and  they  seem,  in  the  higher 
Vertebrata  at  least,  most  commonly  to  origi- 
nate in  the  interior  of  the  villi,  where  they 
are  siuTounded  by  the  plexus  of  capillary 
blood-vessels  that  lies  immediately  beneath 
the  external  smiace  of  these  filamentous  pro- 
cesses (Fig.  108).  In  Fishes,  however,  the 
villi  are  few,  or  are  altogether  absent,  and  the 
lacteal  trunks  receive  their  supplies  through  a 
coarse  plexus  situated  in  the  walls  of  the 
intestinal  canal.  Such  a  plexus  is  seen  also 
in  ReptUes,  in  which  villi  are  developed ;  and 
it  seems  probable  that  it  exists  in  the  higher 
Vertebrata,  in  which  the  mucous  membi-ane 
is  much  more  thickly  set  with  villi,  and  in 
which  it  appears  to  be  chiefly  through,  the 
lacteals  contained  in  these,  that  the  chyle 
gains  admission  into  the  larger  trunks.  The 
precise  mode  in  which  the  lacteals  commence 
near  the  free  extremities  of  the  villi,  cannot  be  stated  with  certainty;  but  it 
is  probable  that  they  form  loops  by  anastomosis  with  each  other,  so  that 
there  is  no  proper  free  extremity  in  any  case.  It  is  beyond  all  doubt,  how- 
ever, that  the  lacteals  never  commence  by  orifices  upon  the  internal  surface 
of  the  intestine,  as  was  formerly  imagined.  When  these  vessels  are  turgid 
with  chyle,  the  extremity  of  each  appears  to  be  imbedded  in  a  collection 
of  globules,  presenting  an  opalescent  appearance,  which  give  to  the  end 
of  the  villus  a  mulberry-like  form;  and  this  appearance  is  due  to  the 
distention  of  the  epithelial  cells  covering  the  extremities  of  the  villi, 
^vith  the  oleaginous  chyle  which  they  have  absorbed,  and  which  they 
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afterwards  yielcUip  to  the  lacteals,  returning  to  tlieir  original  condition 
when  this  selective  operation  has  been  accomplished.* 

183.  The  Lyirvpliatic  vessels  are  distributed  in  the  greater  number  of 
tissues  and  organs  which  possess  vessels  for  the  conveyance  of  blood; 
but  to  this  general  statement,  there  are  some  remarkable  exceptions ;  for 
they  are  entirely  wanting  in  the  substance  of  the  brain  and  spinal  cord, 
although  they  are  found  in  their  investing  membranes;  and  they  occur 
very  scantily  in  the  muscles.  It  appears  to  be  in  the  skin  and  the  sub- 
cutaneous textures,  at  least  in  Man,  that  they  are  most  plentifully  distri- 
buted ;  and  they  seem  there  to  originate,  like  the  lacteals  of  the  intestinal 
walls,  in  plexuses  of  which  the  meshes  are  very  close.  According  to 
Prof.  KoUiker,  the  lymphatics  in  the  tail  of  the  Tadpole  do  not  form  a 
network,  but  branch  out  like  rootlets,  their  ultimate  extremities,  or 
rather  their  commencing  radicles,  having  free  but  closed  ends,  ninning 
out  into  fine  points ;+  it  may  be  doubted,  however,  whether  this  is  not 
the  result  of  a  want  of  completeness  in  their  development,  and  whether 
these  ramifications  would  not  meet  and  inosculate  in  the  fully-developed 
Frog.  Like  the  capillary  blood-vessels  (§  211),  they  take  their  origin 
in  stellate  cells,  which  send  forth  long  projections;  but  these  branches 
do  not  inosculate  with  each  other  in  any  other  way  than  to  form  con- 
tinuous tubes;  and  if  they  subsequently  constitute  a  plexus,  it  must 
be  by  the  development  of  connecting  arches  at  a  later  period. — It  has 
been  maintained  that  the  minute  lymphatics  communicate  with  the 
capillary  vessels  in  their  neighbourhood ;  and  these  communications  have 
been  supposed  by  some  to  allow  the  direct  transmission  of  the  lymph 
into  the  sanguiferous  system ;  whilst  by  others  it  has  been  inferred  that 
the  liquor  sanguinis,  or  fluid  portion  of  the  blood,  (which,  when  diluted, 
closely  resembles  the  contents  of  the  lymphatics  in  its  composition)  finds 
its  way  into  the  absorbents.  It  is  nearly  certain,  however,  that  no  such 
apertures  exist;  and  that  when  any  direct  passage  of  fiuid  does  take 
place  from  one  set  of  vessels  into  the  other  (as  is  often  the  case  in 
ai-tificial  injections,  and  was  noticed  by  Prof.  KolUker  in  watching  the 
circulation  in  the  tail  of  a  Tadpole  which  had  been  injured),  it  is  through 
an  abnormal  opening. 

184.  The  walls  of  the  absorbent  vessels  (whether  lacteals^  or  lym- 
phatics) are  extremely  thin,  so  that  the  character  of  their  contained  fluid 
can  be  readily  discerned  through  them.  Those  which  form  the  idtimate 
ramifications  of  the  system,  appear  to  be  limited  only  by  a  very  delicate 
homogeneous  membrane;  and  it  is  not  certain  that  even  this  is  univer- 
saUy  present  in  the  absorbents  of  Fishes.  A  similar  membrane,  covered 
with  a  layer  of  pavement-epithelium  upon  its  inner  or  free  surface, 
constitutes  the  Lining  of  the  mid-sized  and  larger  trunks;  but  these 
possess,  in  addition,  a  middle  or  fibrous  layer,  in  which  non-striated 
muscular  fibres  may  be  distinguished,  and  an  external  sheath  of  areolar 

*  Bv  Prof  Goodsh-,  who  was  the  first  to  direct  attention  to  the  peculiar  appeai-ance 
presented  by' the  cells  at  the  extremities  of  the  viUi  durmg  the  process  of  lacteal  absorption 
it  was  maintained  that  the  ordinary  epitheHal  ceUs  faU-off,  and  that  the  chyMerous  cells 
are  developed  de  novo  within  the  viUns,  that  is,  beneath  its  '^^^^^°^^.^*-^^'^^^/^!!plpo«T 
researches  of  several  exceUent  observers,  however  have  shown  f J^?/-;^™' 
and  have  established  that  stated  in  the  text.  (See  especially  Prof.  Kolhker  s  Mikro 
skopische  Anatomie,"  Band  ii.  §  169.)       „      „   ,    ™       -.tt  no 

t  "Annalesdes  Sciences  NatureUes,"  3"  Scr.,  ZooL,  Tom.        p.  JS. 
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tissue  In  the  liiglier  Vertebrata,  the  Absorbents  are  furnished  with 
valves  which  aUow  tlie  passage  of  their  contents  in  only  one  direction, 
namely  from  theii-  origin  towards  their  termination  m  the  sanguiferous 
system;  these  valves,  however,  seem  to  be  wanting  m  the  ' plexuses  of 
origin,'  which  are  filled  by  mercury  injected  into  any  part  of  them  in 
Fishes  and  Reptiles,  however,  in  which  this  system  is  obviously  deve- 
loped upon  an  inferior  type,  the  valves  are  few  or  are  altogether 
wantinc'.— In  the  higher  Vei-tebrata,  again,  certain  small  solid  bodies  are 
found  in  the  course  of  the  lacteals  and  lymphatics,  which  are  termed 
'absorbent  glands.'  The  structure  of  these,  however,  does  not  cor- 
respond with  that  of  ordinary  glands;  and  they  have  been  more  appro- 
priately named  'ganglia,'  for  they  are  essentially  composed  of  plexuses 
of  absorbent  vessels,  convoluted  (so  to  speak)  into  knots,  and  dilated 
into  larger  cavities,  amongst  wliich  capillary  blood-vessels  are  minutely 
distributed;  the  whole  being  bound  together  by  areolar  tissue  and 
invested  in  a  capsule  of  the  same.  These  blood-vessels  have  no  direct 
communication  with  the  interior  of  the  lacteals,  but  are  separated  from 
them  by  the  membranous  walls  of  both  sets  of  tubes;  so  that  whatever 
passage  of  fluid  normally  takes  place  from  one  set  of  vessels  to  the 
other,  must  be  accomplished  by  transudation  through  these.*  According 
to  the  observations  of  Prof.  Goodsir,  the  absorbents,  when  they  enter  a 
gland,  lay  aside  all  but  their  internal  coat  and  epithelium;  and  the 
latter,  in  place  of  retaining  its  pavement-like  character,  presents  itself 
as  an  irregular  layer  of  spherical  nucleated  corpuscles,  measuring  about 
1-5 00 0th  of  an  inch  in  diameter;  which  layer  is  thickest  in  the  dilated 
lymphatics  which  form  the  '  cells'  of  the  centre  of  the  gland,  and  becomes 
gradually  thinner  towards  the  periphery,  where  it  is  continuous  with  the 
einthelium  of  the  aiTerent  and  efferent  vessels.  The  inner  layers  of  the 
central  epithelium  appear  to  have  no  tenacity;  so  that  the  component 
cells  may  be  readily  detached  from  one  another,  and  carried-off  in  the 
fluids  which  traverse  the  cavity. — Having  thus  considered  the  general 
structure  of  the  Absorbent  system,  we  shall  proceed  to  notice  its  more 
special  peculiarities  in  the  different  classes  of  Vertebrata. 

185.  The  proper  Absorbent  system  is  exhibited  in  its  simplest  and 
most  diffused  form  in  Fishes,  the  lowest  class  in  which  its  existence  has 
been  demonstrated.  Where  it  consists  of  distinct  vessels,  their  walls  are 
very  thin  and  distensible.  The  Lacteals  commence  in  a  somewhat  coarse 
network  of  canals,  that  seem  channelled-out  (as  it  were)  beneath  the 
mucous  lining  of  the  intestinal  canal,  and  cannot  be  shown  to  possess 
definite  walls;  from  these,  however,  the  chyle  is  conveyed  away  by 
proper  vessels,  which  form  capacious  plexuses  in  the  mesentery,  along 
the  course  of  the  alimentary  canal.  The  ILymphatics  are  distributed 
extensively  through  both  the  superficial  and  the  deep-seated  parts  of  the 
body;  and,  they  also,  by  the  convolutions  and  anastomoses  of  their  trunks, 
foi-m  numerous  plexuses  in  various  situations,  especially  around  the 
veins,  which  may  be  regarded  as  the  first  indications  of  the  so-called 

*  It  has  been  asserted  by  many  anatomists,  that  free  apertures  exist,  by  which  the 
contents  of  one  set  of  vessels  can  pass  dii-ectly  into  the  other ;  but  these  statements  are 
founded  on  the  results  of  injections,  which  can  be  very  easily  forced  to  make  such  aper- 
tures ;  and  the  most  careful  examination  has  failed  to  detect  them,  when  no  such  procedure 
has  been  employed. 
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*  glands'  that  are  prcBented  in  the  Mgher  classes.  Some  of  these  tiiinks, 
moreover,  dilate  into  sinuses,  which  ajjpear  to  be  contractile,  and  pre- 
figure the  '  lymphatic  hearts'  of  Reptiles.  Such  a  sinus  may  be  seen  in 
the  tail  of  the  Eel ;  and  another  is  found  on  each  side  of  the  cranial 
cavity  of  many  Fishes,  externally  to  the  jugular  veins.  Although  a  con- 
siderable proportion  of  the  lymphatic  trunks  unite  with  the  lacteal 
vessels,  to  form  principal  canals  (corresponding  with  the  thoracic  duct 
in  higher  animals),  which  empty  their  contents  into  the  systemic  veins 
neai-  the  heart,  there  are  many  other  communications  between  the  two 
systems,  as  Fohmann  appears  to  have  satisfactorily  demonstrated.  Thus, 
the  caudal  sinus  of  the  Eel  discharges  its  contents  into  the  caudal  vein, 
the  orifice  being  provided  with  a  valve. 

185.  The  conformation  of  the  Absorbent  system  presents  several  in- 
teresting peculiarities  in  the  class  oi  Reptiles.  As  in  Fishes,  the  vessels  are 
generally  destitute  of  valves,  though  these  may  occasionally  be  observed 
in  the  larger  trunks;  but  they  everywhere  seem  to  possess  distinct  walls. 
When  compared  with  that  of  Birds  and  Mammals,  the  absorbent  system 
of  Reptiles  seems  to  possess  an  enormous  extension ;  laxge  and  capacious 
lymphatic  plexuses  being  developed  around  the  great  veins,  and  the  length 
of  the  trunks  being  often  augmented  by  doublings  and  convolutions.  But 
this  extension  is  rather  apparent  than  real ;  for  there  is  stUl  an  absence 
of  the  '  glands,'  which  seem  to  concentrate,  as  it  were,  the  assimilating 
power  of  a  long  series  of  tubes;  and  the  relation  of  the  Absorbent  system 
of  Reptiles  to  the  more  concentrated  apparatus  of  Birds  or  Mammals, 
thus  comes  to  resemble  that  which  the  extended  tracheal  system  of  the 
Insect  bears  to  the  lungs  of  the  higher  Yertebrata. — The  Lacteals^  in 
Reptiles,  as  in  the  classes  above  them,  partly  commence  in  the  'villi'  of 
the  intestinal  canal;  but,  as  in  Fishes,  there  is  also  a  very  coarse  plexus 
of  absorbents  beneath  its  mucous  lining.    The  fluid  which  they  absorb  is 
collected  into  a  recexjtaculum  chyli,  situated  at  the  root  of  the  mesentery; 
and  fit-om  this  it  passes  by  two  or  more  ducts,  which  also  receive  many  of 
the  lymphatic  trmiks,  into  the  gi'eat  systemic  veins.    The  Lymphatic 
portion  of  the  system  is  furnished,  in  most  Reptiles,  with  certain  pul- 
sating dilatations,  or  lyiivphatic  hearts,  which  aid  in  the  propulsion  of 
the  contents  of  the  vessels;  the  walls  of  these  contractile  cavities  are 
formed  of  striated  muscular  fibres.    In  the  Frog  there  are  two  pairs  ol 
them;  one  situated  just  under  the  skin,  through  winch  its  pulsations 
are  readily  seen  in  the  living  animal,  immecUately  behind  the  hip-joint; 
whUe  the  other  pair  is  more  deeply  seated  at  the  upper  paa-t  ot  the 
chest     The  former  receive  lymph  from  the  posterior  part  ot  the  body, 
and  pour  it  into  the  veins  proceeding  from  the  same  part,  by  or^ces 
furnished  with  valves;  the  latter  collect  that  which  is  transmitted  from 
the  anterior  part  of  the  body  and  head,  and  empty  then-  contents  m 
like  manner  into  the  jugular  vein.    Their  pulsations^  are  totaUy  mde- 
pendent  of  the  heart  and  of  the  acts  of  respii^ation,  smce  they  contmue 
after  the  removal  of  the  former,  and  for  an  hour  or  two  after  somatic 
death  and  the  complete  dismemberment  of  the  ammal     Ne^^^^^^- f-^, 
synchronous  with  each  other  on  the  two  sides  of  the  body,  noi  always 
performed  in  the  same  space  of  time;  for  the  pulsations  are  not  only 
generally  irregular,  but  sometimes  exhibit  long  and  .^f  " 
^ssions  ;  when  in  constant  action,  they  occiu'  about  sixty  times  m  a 
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minute.  From  the  obsei-vations  of  Volkmaun,  however,  it  appears  that 
these  movements  are  dependent  upon  the  connection  of  the  lymphatic 
hearts  with  the  corresponding  segments  of  the  spinal  cord;  since  they 
cease  when  these  are  destroyed,  although  all  other  parts  may  be  left 
uninjured;  while  they  continue  so  long  as  this  connection  remains  perfect, 
although  all  other  parts  of  the  nervous  centres  be  destroyed.*— A  pair  of 
vesicles  similar  to  the  posterior  pair  in  the  Frog,  has  been  detected  in 
SalaTuanders,  Lizards,  and  Crocodiles,  in  wliich  they  are  situated  near 
the  root  of  the  tail,  and  are  connected,  in  like  manner,  with  the  veins  of 
the  lower  extremity;  they  have  also  been  discovered  in  Serpents,  where 
they  lie  under  the  last  rib.  It  was  for  some  time  believed  that  the 
CMonia  formed  an  exception  to  the  general  fact  of  the  existence  of  such 
pulsating  receptacles  in  Keptiles ;  but  these  have  been  shown  by  Miiller  to 
be  particidarly  large  in  that  gi"oup,  in  which  they  lie  behind  the  superior 
extremity  of  the  iliac  bones,  receiving  the  lymph  by  capacious  trunks 
from  the  posterior  extremities,  and  pouring  it  into  veins  that  discharge 
themselves  into  the  reno-portal  system,  t 

186.  In  Birds,  we  find  the  Absorbent  system  existing  in  a  more  perfect 
form ;  its  trunks  being  everywhere  provided  with  valves,  and  the  diifused 
plexuses  being  partly  replaced  by  '  glands'  or  '  ganglia,'  which  may  be 
probably  considered  as  performing  the  same  function  by  an  organisation 
of  more  concentrated  character.  The  lacteals,  which  are  not  farnished 
with  these  glands,  all  converge  towards  a  receptaculum  chyli,  from  which 
proceed  two  thoracic  ducts,  one  on  either  side,  to  terminate  in  the  angles 
formed  by  the  junction  of  the  jugular  and  subclavian  veins.  These  ducts 
receive,  also,  most  of  the  lymphatic  trunks ;  but  the  lymphatic  system 
has  two  other  communications,  as  in  Reptiles,  with  the  veins  of  the  lower 
extremity.  These  are  connected  with  two  large  dilatations  of  the 
lymphatic  trunks,  which  are  evidently  analogous  to  the  lymphatic  hearts 
of  Reptiles,  hwt  which  do  not  seem  to  have  any  power  of  spontaneous 
movement.  In  the  Goose,  they  are  about  the  shape  and  size  of  a  kidney- 
bean,  and  are  situated  in  the  angle  between  the  tail  and  the  thigh.  They 
were  supposed  by  Panizza  to  possess  an  automatic  power  of  alternate 
contraction  and  dilatation ;  but  these  motions  have  been  shown  by  Miiller 
to  be  due  to  the  respiratory  actions, — being  synchronous  with  them,  and 
ceasing  when  they  are  interrupted. 

187.  In  the  Absorbent  system  of  Maimnalia,  we  witness  its  most 
concentrated  and  highly-developed  form.  The  vessels  are  copioiisly  pro- 
vided with  valves ;  and  their  parietes  are  firmer  than  in  the  lower  classes. 
Instead  of  the  extensive  plexuses  of  Fish,  we  find  small  dense  '  glands' 
disposed  in  difierent  parts  of  the  system;  these  are  more  numerous  than 
in  Birds,  and  present  themselves  on  the  lacteals  as  well  as  on  the 
lymphatics,  being  known  in  the  one  case  as  the  '  mesenteric,'  and  in  the 
other  as  'lymphatic'  glands.  In  some  Mammalia,  especially  of  the  order 
Carnivora,  the  mesenteric  glands  cluster  together  into  a  single  mass 
named  the  pancreas  Asellii,  which  lies  at  the  root  of  the  mesentery.  The 
Lacteals  all  discharge  their  contents  into  the  recep)taculum  chyli,  wHch  is 
situated  in  the  lumbar  region,  close  to  the  spine ;  into  the  same  recep- 
tacle, many  Lymphatic  trunks  pour  the  fluid  which  they  have  collected 


*  "Muller's  Archiv.,"  1844.       +  Ibid.  1840. 
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from  the  posterior  part  of  the  trunk  and  extremities;  and  from  it  arises 
the  Thoracic  Bxict  of  the  left  side,  which  passes  forwards  along  the  spine, 
receiving  other  lymphatic  trunlcs  in  its  course,  and  terminates  at  the 
junction  of  the  left  jugular  and  subclavian  veins.    A  smaller  trunk  on 
the  right  side  receives  the  lymphatics  of  the  right  side  of  the  head  and 
upper  extremity,  with  those  of  the  right  lung  and  right  side  of  the  liver ; 
and  this  terminates,  in  like  manner,  at  the  junction  of  the  right  sub- 
clavian and  jugular  veins.    It  is  a  beautiful  instance  of  mechanical  adap- 
tation, that  as  the  angle  formed  by  the  convergence  of  two  veins  is  a 
point  of  much  less  resistance  than  any  other  part  of  the  walls  of  the 
vessels,  the  easiest  possible  entrance  is  thus  provided  for  the  fluid  dis- 
charged from  the  thoracic  ducts  into  the  current  of  the  circulation. 
Althoiigh  these  are  the  only  two  canals  by  which  the  Absorbents  usually 
communicate  with  the  veins  in  Man,  their  number  is  greater  in  many 
species  of  Mammalia;  they  all  terminate,  however,  in  the  same  part 
of  the  venous  system.     Thus,  the  left  thoracic  duct  often  resembles 
rather  a  plexus  of  vessels  than  a  single  tube;  branches  proceeding  from 
it  and  then  reuniting,  and  at  last  termiuatiug  ia  the  veias  by  several 
apertures.    Sometimes  it  consists  throughout  of  two  tubes,  which  anas- 
tomose with  each  other  and  with  the  duct  on  the  right  side,  and  terroinate 
separately  in  the  veins;  and  in  the  Pig  a  branch  of  communication  is 
sent  off  to  the  vena  azygos,  which  is  a  small  trimk  running  in  proximity 
with  it  along  the  spinal  column.    All"  these  modes  of  distribution  occur 
as  irregularities  of  conformation  in  the  Human  subject,  the  former  not 
being  uncommon ;  the  last,  however,  is  rare. 

188  The  cause  of  the  onward  movement  of  the  contents  of  the  Ab- 
sorbent vessels  in  the  Hgher  Vertebrata  which  have  no  '  lymphatic 
hearts,'  and  also  of  the  flow  of  fluid  towards  these  pulsating  cavities  m  the 
animals  which  possess  them  (situated,  as  they  are,  close  to  the  points  where 
the  fluid  of  the  absorbents  is  discharged  into  the  veins),  has  not  been  posi- 
tively determined.  This  movement  may  be  partly  attributed  to  the  vis  d 
tercl  produced  by  the  continual  imbibition  of  fresh  fluid  into  the  rootlets 
(so  to  speak)  of  the  vascular  tree,  and  partly  to  rhythmical  contractions  (with 
alternating  dilatations)  of  the  viUi  themselves,  as  observed  by  MM.  Giiiby 
and  Delafond;*  and  although  it  may  be  thought,  from  the  e-treme  das- 
tensibility  of  the  waUs  of  the  absorbents,  that  such  forces  will  be  rathei 
expended  in  dilating  them,  than  in  pusHng  onwards  the  column  of  liquid 
XhThe"contain,^et  it  must  be  remembered  that  they  are  surrounded 
by  tissues,^whose  tity,  during  the  living^state,  gives  to  ^hem  much 
more  resisting  power  than  they  possess  after  death,  i^irthei,  m  ail 
Z  movable  parts  of  the  body,  assistance  is  doubtless  afforded  by  the 
SccaToIl  prLJ^re  which  will  be  exercised  upon  the  absorbents  by  the 
™mdin-  tissues-  for  while  this  pressure  is  operating,  it  wdl  tend  to 
emX  S  contents,  wliicl  are  only  permitted  "^1  ^^^^ ^^^^^^ 

ki  one  direction;  and  when  the  pressure  is  relaxed  they  will  be 
te  E  from  beliind.    But  it  seems  probable  that  the  regiilar  propiilsion 

tftn^Vy  Pro^f  ^.Hiker  in  the  tail  of  the 
*  "Comptes  Bendus,"  1842,  p.  1199,  and  1843,  p-  1196. 
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tadpole;  and  it  being  apparently  by  sucli  contraction,  without  subsequent 
dilatation  and  re-filling,  that  the  absorbents  ai-e  emptied  after  death,  and 
tliis  with  considerable  rapidity. 

189.  We  have  now  to  enquire  into  the  relative  parts  which  are  per- 
formed in  the  function  oi  Absorption,  by  the  proper  Absorbents,  and  by 
the  Blood-vessels;  and  although  these  cannot  yet  be  said  to  be  precisely 
definable,  yet  there  can  be  little  doubt  that  we  are  in  possession  of  the 
general  truth  with  regard  to  them. — From  the  time  when  the  Lacteal 
vessels  were  first  discovered,  down  to  a  comparatively  recent  period,  it 
was  siipposed  that  they  constitute  the  channel  through  which  all  fresh 
nutritive  material  is  taken  into  the  body;  and  this  idea  seemed  to  derive 
confii-mation  from  the  great  uniformity  in  the  composition  of  the  chyle, 
which,  though  difierent  as  a  whole  from  that  of  blood,  appeared  adequate 
to  supply  those  substances  to  the  latter,  which  are  most  constantly  being 
eliminated  from  it  by  the  nutritive  and  respiratory  operations.  Various 
considerations,  however,  would  lead  to  the  conclusion,  that  the  nutritive 
materials  do  not  enter  through  the  lacteals  alone;  but  that  the  most 
soluble  portions  of  them,  together  with  other  substances  not  nutritious, 
find  theii-  way  directly  into  the  blood-vessels. — In  the  Invertebrata,  it 
will  be  recollected,  no  special  Absorbent  system  exists ;  and  in  all  those 
which  possess  blood-vessels,  it  is  by  them  alone  that  alimentary  matters 
are  iatroduced  into  the  system ;  it  would  not  seem  likely,  therefore,  that 
this  most  genei'al  method  of  performing  the  function  should  be  entirely 
superseded  in  Vertebrata  by  the  more  special  one.  But  further,  when  the 
extraordinary  vascularity  of  the  whole  gastro-intestinal  membrane  is  con- 
sidered, together  with  the  peculiaiity  of  the  special  distribution  of  the 
capillaries  in  the  villi ;  and  when  it  is  remembered  also  that  the  rapid 
movement  of  blood  through  these,  creates  the  condition  most  especially 
favourable  to  the  passage  of  liquids  into  them  from  the  outside  (§  172), 
it  might  be  almost  certainly  affirmed  that  endosmose  must  take  place 
between  the  contents  of  the  alimentary  canal  and  the  blood  in  the  vessels. 
- — This  conclusion  has  been  confirmed  by  numerous  experiments.  Thus 
it  was  ascertained  by  MM.  Tiedemann  and  Gmelin,  that  when  various 
substances  were  mingled  with  the  food,  which  might  be  easily  detected  by 
their  colour,  odour,  or  chemical  properties, — such  as  gamboge,  madder, 
camphor,  musk,  asafoetida,  and  various  saline  substances, — they  were 
seldom  found  in  the  chyle,  though  many  of  them  were  detected  in  the 
blood,  and  some  had  even  passed  into  the  urine.  So,  again,  it  was  found 
that  if  any  of  these  substances  be  introduced  into  a  portion  of  the  intestine 
separated  by  ligatures  from  the  remainder,  and  all  the  vessels  of  that 
portion  be  divided  or  tied,  save  its  artery  and  vein,  the  substance  may 
speedily  be  detected  in  the  blood,  and  if  it  be  poisonous  its  eflPects  are 
manifested  nearly  as  soon  as  usual;  whUst,  if  the  blood-vessels  be  tied 
the  lacteals  being  left  entire  and  uninterrupted,  a  long  period  elapses 
before  there  is  any  evidence  of  absorption.  It  cannot  be  doubted,  then 
that  alimentaiy  substances  in  a  state  of  solution,  such  as  albumen' 
gelatine,  or  sugar,  may  pass  into  the  blood-vessels  by  simple  endosmose' 
when  the  relative  densities  of  the  blood  and  of  the  intestinal  liquids  are 
such  as  to  favour  the  inward  current.  Conversely,  it  might  be  infeiTed 
that  if  the  liqmd  m  the  intestines  be  of  a  nature  to  determine  the  endos 
motic  current  in  the  contrary  direction,  some  of  the  constituents  of  the 
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blood  would  be  di-awn  from  them  into  the  alimentary  canal.  Now  it  has- 
been  shown  by  the  experiments  of  PoisseuHle,  that  an  endosmotic  ciUTent 
takes  place  through  animal  membranes  from  the  serum  of  the  blood 
towai'ds  certain  saUne  solutions;  and  thus  it  happens  that  when  these 
are  taken  into  the  alimentary  canal,  they  produce  a  copious  exudation 
of  fltiid  from  its  walls,  which  fluid  contains  a  considerable  quantity  of 
albumen. — It  appears,  then,  that  an  interchange  between  the  contents  of 
the  blood-vessels  and  those  of  the  alimentary  canal  takes  place,  in  either 
direction,  in  a  manner  which  is  in  all  respects  conformable  to  physical 
princij)les ;  so  that  Absorption  must  be  effected  through  the  blood-vessels 
of  the  higher  animals,  as  of  the  lower. 

190.  On  the  other  hand,  the  Lacteals,  as  already  pointed  out,  would 
appear  to  receive  only  substances  of  a  particular  class,  more  especially 
fatty  matters  in  a  state  of  more  or  less  fine  division,  with  which  albumi- 
nous compounds  are  intimately  mixed.    These,  being  first  drawn-in  by 
the  epithelial  cells  at  the  extremities  of  the  villi  (§  182),  and  then  trans- 
ferred to  the  lacteals,  are  doubtless  obtained  directly  from  the  food; 
for  the  quality  of  the  Chyle  depends  upon  that  of  the  aliment  last 
digested,  it  being  of  an  opaque  white  if  that  food  contained  much  oily 
or  fatty  matter,  and  of  a  more  transparent  aspect  if  such  matters  were 
deficient.     Moreover,  the  experiments  of  Bouchardat  and  Sandras* 
have  shown,  that  particular  kinds  of  fatty  substances  with  which  animals 
may  have  been  fed,  are  recognisable  in  the  chyle;  and  on  the  whole  it 
may  be  considered,  that  the  special  function  of  the  lacteals  is  to  take  up 
the  oleaginous  portion  of  the  food,  and  to  briag  it  into  that  intimate 
relation  with  albumen  which  seems  to  be  requisite  for  its  subsequent 
assimilation  (chap,  viii.)    Still  it  appears  by  no  means  certain  that  the 
blood-vessels  also  may  not  absorb  oleaginous  substances,  as  they  do  in 
Invertebrated  animals ;  particularly  as  it  has  been  shown  by  the  experi- 
ments of  Prof.  Matteuccijt  that  if  an  emulsion  be  made  by  shaking  a  few 
drops  of  oil  in  water  to  which  a  little  alkali  has  been  added,  and  an 
endosmometer  filled  with  a  weak  alkaline  solution  be  then  immersed  in 
this  emulsion,  the  oil  penetrates  in  a  short  time  through  the  membranous 
partition,  and  makes  its  appearance  in  the  interior  of  the  endosmometer. 
Now  as  the  blood  is  slightly  alkaliae,  and  as  its  density  favours  the 
imbibition  of  fluid,  there  seems  no  reason  why  fatty  matters  should  not 
thus  find  their  way  into  the  blood-vessels,  when  they  have  been  reduced 
to  a  state  of  fine  division  in  the  alimentary  canal,  and  have  been  rendered 
alkaline  by  the  admixture  of  the  biliaiy  and  pancreatic  fluids. 

191.  With  regard  to  the  relative  share  taken  by  the  Lymphatics  and 
the  Blood-vessels,  in  the  absorption  of  fluids  by  the  external  surface^  or 
from  the  closed  cavities  of  the  body,  and  in  that  'interstitial'  absorption 
which  removes  the  solid  particles  of  the  fabric  when  they  no  longer 
retain  their  vital  endowments,  there  has  been  a  yet  greater  amoimt  of 
misapprehension.  It  was  long  imagined  (the  doctrine  having  been  strongly 
sustained  by  John  Hunter  and  his  immediate  followers),  that  the  office 
of  the  Lymphatic  system  is  to  take-up  and  remove  all  the  ej^ete  matter 
which  is  to  be  cast  out  of  the  body,  as  no  longer  adapted  to  form  part  of 

*  "  Annales  des  Sciences  Naturelles,"  2°  Ser.,  Zool.,  Tom.  XVIII. ,  XX. 

t  "  Lectures  on  the  Physical  Phenomena  of  Life,"  Dr.  Pereira  s  Translation,  p.  111. 
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it,  and  as  inconvei-tible  into  any  other  useful  product.  For  such  an 
idea,  however,  there  is  not  the  least  adequate  foundation.  The  liquid 
contained  in  the  l7mphatics  has  all  the  characters  of  dilute  'liquor 
sanguinis'  (the  liquid  portion  of  the  blood  in  which  the  corpuscles  float); 
and  it  difiers  fi-om  that  of  the  lacteals  chiefly  in  the  absence  of  fat.  The 
lacteals,  indeed,  when  the  alimentary  canal  is  empty,  seem  to  perform  the 
function  of  lymphatics;  being  found  to  contain  a  fluid  which  resembles 
lymph  in  every  respect,  and  is  probably  derived  from  the  same  source. 
Again,  as  the  lymphatics  do  not  discharge  their  contents  into  any  of  the 
outlets  through  which  they  might  be  carried  ofi",  or  convey  them  to  the 
excretoiy  glands  by  which  they  might  be  eliminated  under  some  other 
form,  but  poiu-  them  mto  the  same  receptacle  with  the  nutrient  materials 
newly  imbibed  from  the  food,  whence  both  are  propelled  together  into 
the  general  cun-ent  of  the  circulation,  it  seems  almost  certain  that  their 
contents,  in  whatever  mode  obtained,  are  destined  to  be  employed  in 
the  formation  of  the  tissues,  and  not  to  be  forthwith  eliminated  from  the 
system. 

192.  With  respect  to  the  som-ce  of  the  Lymph,  and  the  manner  in 
which  it  is  imbibed,  there  is  at  present  a  deficiency  of  accurate  know- 
ledge. It  is  very  probable,  however,  that  it  partly  consists  of  the  residual 
fluid,  which,  having  escaped  from  the  blood-vessels  into  the  tissues,  has 
fui-nished  the  latter  mth  the  materials  of  their  nutrition,  and  is  now 
to  be  returned  to  the  c  urrent  of  the  circulation.  But  it  also  seems  not 
iinlikely,  that  it  may  p.irtly  be  derived  from  those  particles  of  the  solid 
fi-amework,  which  have  lost  their  vital  powers,  and  are  therefore  unfit  to 
be  retained  as  components  of  the  living  system,  but  which  have  not 
imdergone  such  a  degree  of  decay,  as  to  prevent  them  from  serving,  like 
the  aliment  derived  from  the  dead  bodies  of  other  animals,  as  a  material 
for  reconstruction,  when  it  has  been  again  subjected  to  the  assimilating 
process.*  In  what  way  the  selective  power  is  exercised,  by  which  extra- 
neous substances  are  usiially  prevented  from  entering  the  lymphatic 
system,  when  they  are  qmckly  received  into  the  blood-vessels,  cannot  at 
present  be  even  guessed-at :  since  there  is  no  reason  to  believe  that  the 
lymphatic  '  plexuses  of  origin'  are  in  relation  with  cells  (like  those  of  the 
villi)  to  which  such  a  function  might  be  attributed. — Although  the  I'ule 
is  not  so  constant  for  the  lymphatics  as  for  the  lacteals,  yet  it  does  not 
appear  that  these  absorbents  readily  take  up  liquids  in  contact  with  the 
skin,  imless  they  be  of  an  alimentary  character,  assimilating  in  com- 
position to  lymph.  There  are  certain  saline  compounds,  however,  which 
seem  to  pass  as  readily  into  the  lymphatics,  when  applied  in  solution  to 
the  cutaneous  surface,  as  into  the  blood-vessels,  or  even  more  readily;  no 
general  rule,  however,  can  be  laid-down  upon  this  subject;  and  it  is  pro- 
bable that  difi"erences  in  the  relative  distribution  of  the  two  orders  of 
vessels  in  the  skins  of  difi"erent  animals,  may  considerably  influence  the 
result.    A  pecuUar  aptitude  of  the  lymphatics  for  the  absorption  of 

*  In  this  point  of  view,  the  almost  entire  absence  of  lymphatics  from  the  Muscular  and 
JNervons  twsues  presents  an  obvious  signification;  since  when  these  tissues  are  disinte- 
grated by  being  called  into  vital  activity,  their  elements  at  once  pass  into  new  states  of 
combination,  which,  be.ng  purely  excrementitious  in  their  character,  are  not  fit  to  bP 
received  into  the  lymphatic  system  for  the  purposes  of  nutrition,  but  are  directly  conveyed 
by  the  sanguiferous  cui-rent  to  the  organs  which  are  charged  with  their  elimination  from 
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milk  seems  to  be  shown  by  the  experiments  of  Schreger,  who  found 
that  the  lymphatics  of  a  limb  long  immersed  in  it  became  tiu-gid  with 
this  fluid :  that  none  of  it  could  be  detected,  however,  in  blood  drawn 
from  the  pai-t,  was  sufficiently  accounted-for  by  the  circumstance  that  a 
bandage  had  been  tied  round  the  limb,  thereby  producing  turgescence  of 
the  superficial  veins.  The  fact  that  the  lymphatics  in  the  neighboiu'hood 
of  collections  of  peculiar  animal  flmds,  sometimes  become  filled  with  those 
fluids, — as  bile  from  an  over-distended  gall-bladdei-,  or  pus  from  an  abscess, 
— need  not  be  regarded  as  invalidating  the  general  statement  already 
made  with  regard  to  their  probable  function;  for  there  can  be  no  doubt 
that  under  such  circumstances  a  dii-ect  entrance  might  be  readily  gained 
into  the  absorbents,  either  through  rupture  or  vdceration  of  their 
walls ;  and  in  this  way  alone  could  particles  so  large  as  pus-globules  find 
their  way  into  these  vessels.  The  case  is  difierent,  however,  with  regai-d 
to  svibstances  introduced  through  the  skin  by  friction ;  for  these  often 
seem  to  find  their  way  quickly  into  the  lymphatics,  as  is  shown  by  the 
circumstance  that  if  they  be  of  an  instating  character,  red  streaks  appear 
along  the  coiirse  of  the  absorbents,  and  the  neighbouring  glands  are 
swollen.  This  is  probably  to  be  explained  by  the  peculiarly  abundant 
distribution  of  the  lymphatics  in  the  skin,  and  the  ready  access  which 
liquids  can  obtaiu  to  their  walls. 

193.  There  can  be  no  reasonable  doubt  that  it  is  by  the  Blood-vessels, 
rather  than  by  the  Lymphatics,  that  all  that  'interstitial'  and  'super- 
ficial' absorption  is  performed,  which  is  not  of  a  dii-ectly  nutritive 
character ;  and  in  particular  that  those  efltete  matters  are  carried  away 
from  the  tissues,  which  are  destined  to  immediate  elimination.  Thus, 
the  most  rapid  and  constant  in  its  formation  of  all  the  excretory  prodiicts, 
and  the  most  injurious  if  retaiued,  is  carbonic  acid;  and  this  is  conveyed 
by  the  venous  system  to  the  Lungs,  in  which  it  is  forthwith  removed 
from  the  blood.    So  again,  it  is  by  a  special  arrangement  of  a  part  of  the 
venous  system,  that  the  Liver  is  supplied  with  venous  blood  for  the 
elaboration  of  bile;  indicating  that  it  is  in  such  blood  that  the  elements 
of  the  bile  most  abound.    And  this  will  be  seen  to  be  the  case  with 
re^^ard  to  the  Kidneys  also,  in  the  lower  Vertebrata;  although  m  the 
higher  it  is  from  the  arterial  system  that  they  receive  then-  supply  ot 
blood  for  secretion  as  well  as  for  nutrition.    Further,  as  no  lymphatics 
exist  in  the  whole  Invertebrated  series,  it  is  obvious  that  nothmg  but 
the  sano-uiferous  system  can  perform  the  entii^e  function  of  interstitial 
absorption;  and  the  same  must  be  the  case  in  those  tissues  of  Yertebi-ata, 
which  are  destitute  of  special  absorbents.    Experiments  demonstratmg 
the  exercise  of  the  absorbent  power  by  the  blood-vessels,  upon  substances 
placed  in  contact  with  them,  are  most  numerous  and  convmcmg;  it  wi^i 
be  sufficient  to  mention  two.     Mayer,  having  mjec  ed  a  solution  of 
prussiate  of  potash  into  the  lungs  detected  it  m  tl^e  eft  cavities  o^^^^^ 
heart  sooner  than  in  the  right;  whence  it  is  obvious  that  it  must  have 
been  absorbed  by  the  pulmonary  blood-vessels  more  speedily  than  by  the 
WhatTcs  of  the  iJgs.    And  when  the  jugular  vein  of  a  young  dog 
iTsCd  bare  by  MagencUe,  and  a  solution  of  nux  ^o^J^^^^^^^ 
to  its  external  surface,  the  symptoms  of  poisonmg  manifested  themselves 

m  r^maybe  stated,  then,  as  a  general  fact,  that  the  Blood-vessels 
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are  the  principal  chauucls,  tlu-ough  wliicli  water  aud  substances  clissolved 
in  it  are  introduced  into  the  body,  either  from  the  walls  of  the  alimentary- 
canal,  or  fi-om  the  general  surface;  and  by  which  that  interstitial 
absorption  is  effected,  whereby  the  particles  that  have  served  their  pur- 
pose in  the  solid  fabric  are  removed  from  it : — But  that  the  Absorbent 
system,  possessed  by  the  higher  animals,  is  the  special  channel  for  the 
introduction  of  oleaginous  matters,  suspended  in  an  albuminous  fluid, 
from  the  intestinal  tube ;  and  for  the  return  to  the  sanguineous  cii-cu- 
lation  of  such  matters  as  may  be  yielded-back  by  the  tissues  (whether  from 
the  superfluity  imparted  to  them  by  the  blood,  or  as  j)roducts  of  their 
own  disintegration),  in  a  state  to  be  again  emjiloyed  for  the  purposes  of 
nutrition.  We  shall  hereafter  find  reason  to  believe  (chap,  ix.),  that 
dm-ing  its  slow  movement  through  the  absorbents,  and  especially  during 
its  jDassage  through  their  glandidse,  the  Chyle  and  Lymph  undergo  changes 
by  which  it  is  brought  into  a  nearer  likeness  to  the  Blood,  more  especially 
in  regard  to  the  vital  properties  of  that  fluid. 

195.  Notwithstanding  that  it  is  through  the  walls  of  the  alimentary 
canal,  in  most  of  the  higher  animals,  that  the  introduction  of  nutriment 
from  without  is  chiefly  efiected,  yet  it  must  not  be  lost  sight  of  that  the 
general  surface  of  Animals,  as  of  Plants,  is  still  to  a  certain  degree  capable 
of  taking  this  function  upon  itself;  and  this  not  merely  when  the  regiilar 
channels  have  been  closed,  but  even  in  some  cases  as  the  regular  func- 
tional duty  of  that  part.  Thus  the  experiments  of  Dr.  Madden*  show,  that 
a  positive  increase  usually  takes  jilace  in  the  weight  of  a  man  immersed  in 
a  warm-bath,  even  though  there  be  at  the  same  time  a  loss  of  weight  by 
pidmonaiy  exhalation  and  by  transudation  through  the  skin ;  and  he  found 
that  when  this  loss  was  taken  into  account,  the  quantity  of  water  absorbed 
was  about  an  ounce  and  a  half  in  half  an  hour.  The  absori^tion  will  be 
more  rapid,  when  the  fluids  of  the  body  have  been  previously  diminished 
by  unusual  exhalation;  thus  Dr.  S.  Smith  mentions  that  a  man  who  had 
lost  nearly  three  pounds  by  perspiration  during  an  hour  and  a  quarter's 
labour  in  a  very  hot  diy  atmosphere,  regained  eight  ounces  by  immersion 
in  a  warm  bath  for  half  an  houi\  And  a  patient  into  whose  stomach  no 
aliment  of  any  kind  could  be  introduced,  has  been  kept  alive  for  some 
time  chiefly  by  cutaneous  absorption,  the  body  having  been  immersed 
night  and  morning  in  a  bath  of  milk  and  water,  and  imbibing  from 
24  to  36  ounces  per  diem.— Even  the  vapovir  of  the  atmosphere  may,  in 
certain  cases,  afibrd  the  requisite  supply.  Thus  Frogs  seldom  or  never 
drink,  but  they  habitually  live  in  a  moist  atmosphere;  and  when  they 
have  lost  fluid  by  exposm-e  to  hot  dry  air,  they  will  regain  their  weight 
by  being  left  for  a  time  upon  moist  sand,  and  the  bladder  (which  serves 
as  a  reservoir  of  water  for  cutaneous  exhalation)  though  previously 
emptied,  mil  be  refilled.t  It  is  probable  that  the  same  may  occur-  in  all 
animals  with  a  soft  naked  skin;  and  there  are  cases  which  (if  the  facts 
be  correctly  reported)  would  seem  to  prove  imequivocally,  that  the  cuta- 
neous and  pulmonaiy  surfaces  even  in  Man  may  serve  upon  occasion  for 
the  introduction  of  large  quantities  of  fluid  from  the  vapour  of  the  atmo- 
sphere. | 

*  "Prize  Essay  on  Cutaneous  Absorption,"  pp.  59—63. 
t  See  Art.  'Ainpliihia'  in  "Cyclop,  of  Anat.  and  Physiol.,"  Vol.  i.  p.  104 
See  the  Author's  "  Human  Physiology,"  §§  468-470,  and  the  cases  there  cited 
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CHAPTER  V. 

OP   THE   CIRCULATION    OP   NUTRITIVE  FLUID. 

1.  General  Considerations. 

196.  In  beings  of  tlie  most  simple  organisation,  whetlier  belonging  to 
the  Animal  or  to  the  Vegetable  kingdom,  we  have  seen  that  every  part 
of  the  surface  is  equally  capable  of  absorbing  the  liquid  aliment  brought 
into  contact  with  it ;  and  that  the  materials  of  the  tissues  are  supplied 
by  the  continual  imbibition  of  the  nutriment  thus  immediately  derived 
from  external  sources.    In  such,  therefore,  it  might  be  inferred  that  no 
transmission  of  fluid  from  one  portion  to  another  would  be  required  for 
the  purposes  of  the  economy;  and  we  find  no  evidence  of  its  existence, 
either  in  a  structure  specially  adapted  to  it,  or  in  any  visible  motion  of 
such  fluid.    But  as,  in  more  complex  organisms,  a  small  part  only  of  the 
surface  is  particularly  appropriated  to  the  function  of  Absorption,  it 
becomes  evidently  necessary  that  means  should  exist,  for  conveying  to 
distant  parts  the  nuti-iment  they  require.    This  is  effected  by  the  Cir- 
culation of  the  nutritiou.s  fluid,  through  a  system  of  vessels  or  passages 
adapted  to  this  purpose ;  and  it  may  be  regarded  as  a  general  statement 
of  the  condition  of  this  system  in  all  classes  of  living  beings,  that  its 
development  is  proportional  to  the  degree  of  limitation  of  the  power  of 
absorption,  by  which  the  parts  directly  imbibing  aliment  are  removed 
from  those  requiring  supplies. — But  the  conveyance  of  nutrient  fluid  to 
the  remote  parts  of  the  organism,  is  not  the  only  object  to  be  fulfilled 
by  the  circulating  apparatus ;  since  the  crude  aliment  must  be  exposed 
to  the  influence  of  the  au'  before  it  becomes  fit  for  its  ultimate  purpose, 
and  that  which  has  once  passed  through  the  tissues  of  Animals  must 
undergo  a  similar  process  to  restore  it  to  its  proper  condition.  This 
process,  which  constitutes  the  function  of  Respiration  (chap,  vi.),  requires 
that  the  circulating  fluid  should  pass,  ia  all  highly-developed  organisms, 
through  certain  organs  specially  adapted  for  its  performance ;  and  hence 
the  arrangement  of  the  circulating  system  is  modified,  not  only  for  con- 
veying the  alimentary  materials  from  the  part  of  the  system  where  they 
are  introduced  to  that  where  they  are  required,  'but  also  for  causing  it  to 
be  brought,  during  some  part  of  its  transit,  into   relation  with  the 
atmosphere.    It  is  very  evident,  therefore,  that  the  uninterrupted  per- 
formance of  this  function  is  essential  to  the  continuance  of  life :  sitice 
not  only  does  the  nutrition  of  the  tissues,  or  '  vegetative  life,'  wholly 
depend  upon  the  materials  thus  supplied ;  but  the  presence  of  oxygen 
conveyed  by  the  vital  fluid  is  necessary  for  the  active  performance  of  the 
'  animal  functions'  by  the  nervo-muscular  apparatus  (§  93). 

197.  In  the  study  of  the  Circulation,  we  shall  have  reason  to  see  the 
peculiar  advantage  to  be  derived  from  the  investigation  of  the  simplest 
conditions  under  which  it  may  be  performed.  It  has  been  from  the 
confinement  of  their  attention  to  this  function,  as  it  exists  in  the  liigher 
Animals  only,  that  many  Physiologists  have  adopted  incorrect  and  narrow 
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views  as  to  tlie  powers  by  wliicli  it  is  maintained views  wMcli  are  inca- 
pable of  extension  to  tlie  whole  Animal  kingdom,  far  less  to  tlie  Vegetable 
creation  and  wliicli  must  tlaerefore  be  fundamentally  erroneous.  We 
shall  endeavour  to  show  that  principles  of  wider  comprehensiveness  may 
be  attained,  by  comparing  the  principal  facts  relative  to  the  circulation 
of  nutrient  fluid,  derived  from  all  the  classes  of  living  beings  in  which  ]t 
presents  itself. 

2.  Circulation  in  Vegetables. 

198.  The  tissues  of  the  lower  tribes  of  Cryptogamia,  being  almost 
entii-ely  cellular  in  theii-  structure,  do  not  seem  to  be  adapted  for  any 
veiy  regular  or  definite  transmission  of  fluid.  The  Algai,  as  already  stated, 
absorb  by  their  whole  surface;  and  there  appears  to  be  so  little  com- 
munication in  this  class  between  difierent  parts  of  the  same  individual, 
that,  if  one  portion  be  suspended  out  of  the  water,  it  will  dry  up  and 
die,  whilst  that  which  remains  immersed  will  preserve  its  freshness. 
No  trace  of  vessels  is  discoverable  in  this  order;  the  cells  present  a 
rounded  form  in  almost  every  part;  and  the  only  deviation  from  this 
aiTangement  occurs  in  the  '  veins'  which  strengthen  the  foliaceous  expan- 
sions of  some  of  the  higher  species,  in  which  we  find  the  cells  somewhat 
elongated,  and  presenting  an  approach  in  form  to  woody  fibre. — Amongst 
the  Lichens,  a  similar  uniformity  of  structure  prevails;  no  appearance  of 
vessels  is  pei'ceptible ;  but  wherever  the  form  of  a  stem  is  assumed,  the 
cells,  which  are  rounded  in  the  foliaceous  expansions,  possess  more  or 
less  of  elongation.  As  in  this  tribe  the  power  of  absorption  is  usually 
restricted  to  the  side  least  exposed  to  light,  some  capability  of  difiiising 
the  nutrient  fluid  is  required;  and  it  appears  that,  when  the  absorbent 
surface  is  placed  in  water,  the  liquid  is  slowly  transmitted  in  the  course 
of  the  elongated  cells,  to  the  whole  plant. — In  the  higher  Fungi,  we  may 
trace  a  frirther  development  of  this  simple  form  of  the  Circulating 
apparatus.  In  those  species  whose  reproductive  apparatus  is  elevated  on 
a  stipes  (as  in  the  Mushroom  tribe),  the  nutriment,  which  is  entirely 
received  by  the  mycelium  at  its  base,  is  transmitted  by  its  elongated  cells, 
and  probably  through  certain  hollows  left  by  the  sejjaration  of  the  tissue 
(teiTned  inter-cellular  spaces),  to  the  expansion  on  its  summit,  where  it 
is  difiused  in  every  direction. — It  may  be  regarded,  therefore,  as  a  general 
expression  of  the  function  in  these  Cellular  plants,  that,  when  there  is 
no  tendency  to  prolongation  in  a  particular  direction,  and  the  cells  retain 
their  rounded  form,  they  transmit  fluid  with  equal  readiness  towards  all 
sides ;  but  that,  when  any  separation  of  the  difierent  parts  takes  place, 
by  the  restriction  of  the  function  of  Absorption  to  one  portion  of  the 
surface,  there  is  a  tendency  to  the  evolution  of  an  axis  formed  of  pro- 
longed cells,  in  the  direction  of  which  the  fluid  is  conveyed  most  readily 
to  the  other  parts  of  the  system ;  its  course  being  most  rapid  in  those 
parts  in  which  the  laxity  of  the  tissue  and  the  direction  of  the  cells  oppose 
the  smallest  amount  of  resistance,  just  as  we  see  liquids  penetrating  easily 
through  unsized  paper. 

199.  In  the  higher  gi-oup  of  Cryptogamia,  consisting  of  the  Mosses 
and  Ferns  with  their  allies,  we  find  a  much  more  evident  approach  to  the 
vascular  structure  and  general  circulation  of  the  Phanerogamia,  Still, 
however,  its  lower  tribes  (such  as  the  Ilepaticce,  §  27)  are  so  closely 
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connected  witli  the  more  perfect  forms  of  the  preceding  group,  that 
what  has  been  said  of  those  will  be  equally  applicable  to  them. — Among 
the  Mosses,  strictly  so  called,  we  find  several  species  in  which  a  complete 
stem  is  developed,  furnished  with  radical  fibres  at  its  base,  and  bearing 
a  number  of  veined  leaves  regularly  arranged  upon  it.  In  these,  the 
cellular  tissue  between  the  central  and  cortical  portions  of  the  stem 
and  in  the  mid-veins  of  the  leaves  becomes  considerably  elongated,  so  as 
almost  to  resemble  woody  and  vascular  structure ;  it  does  not  appear, 
however,  that  fluids  are  so  readily  transmitted  along  this  tissue  (probably 
on  accovmt  of  its  greater  compactness)  as  they  are  through  the  softer 
parenchyma  which  envelopes  it.  It  can  scarcely  be  doubted  that  there  is 
in  Mosses  a  regular  transmission  of  fluid  absorbed  by  the  roots,  towards 
the  leaves;  especially  as  we  find  many  of  them  furnished  with  that 
special  exiudant  apparatus  for  the  transpiration  of  fluid,  which  is  ftdly 
developed  in  the  more  perfect  plants  (chap,  vii.) — In  the  Ferns,  the 
evolution  of  a  true  woody  stem  proceeds  to  a  much  greater  extent ;  and 
in  this  is  found  a  vascular  structure,  scarcely  diSering  from  that  of  the 
Phanerogamia.  Although  little  has  been  observed  as  to  the  circulation 
of  sap  in  this  group,  it  can  scarcely  be  doubted  that  the  fluid  absorbed  by 
the  roots  ascends  to  the  leaves,  as  in  Flowering-plants;  and  it  appears 

that,  as  in  the  least  actively- 
vegetating  states  of  the  latter, 
the  sap  ascends  rather  thiwgh 
the  cellular  parenchyma,  than 
through  the  '  scalariform  ves- 
sels,' which  generally,  if  not 
always,  contain  air. 

200.  We  shall  therefore 
pass-on  at  once  to  describe  the 
circulation  in  the  Phanero- 
gamia, in  which  it  has  been 
more  fully  investigated;  and 
we  have  first  to  speak  of  the 
ascending  current,  which  is 
produced  by  the  movement  of 
the  fluid  that  is  absorbed  at 
one  extremity  of  the  axis, 
towards  the  leaves  by  which 
a  large  proportion  of  it  is  ex- 
haled at  the  other.  —  Each 
annual  layer  that  composes 
the  wood  of  the  stem  of  Exo- 
gens,  consists  of  woody  fibre 
and  ducts,  intermixed  with 
more  or  less  of  cellular 
tissue  (Fig.  109);  the  vessels 
being  usually  situated  at  the 
inner  part  of  the  ring,  and  the  fibrous  tissue,  which  is  not  formed  untU 
later  in  the  year,  lying  externaUy  to  them.  The  vessels  have  usually  the 
greatest  diameter  in  long  slender  stems,  belonging  to  plants  oi  active 


longitudinal  section  of  Stem  of  Italian  Meed  : 
—a,  cells  of  the  pith ;  b,  fibro-vascular  bundle, 
containing,  1.  annular  duct;  2.  spiral  duct; 
3.  dotted  duct  with  woody  fibre  ;  e,  cells  of  the 
integument. 


vegetation,  in  which  the  sap  has  to  be  conveyed  Avith  rapidity  to 


a  con- 
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siderable  cUstaiice,  as  iu  the  Vine  and  the  Clematis;  and  they  are  tisually 
]ar*^er  also,  where  the  stem  is  dense,  as  in  the  Oak,  Elm,  Mahogany,  &c., 
than  where  its  softness  and  laxity  allow  the  whole  texture  to  convey 
fluid  more  readily,  as  in  the  Pine  tribe,  wliich  is  destitute  of  any  distinct 
sap-vessels,  or  in  herbaceous  plants,  in  which  they  are  usually  small  m 
l)ropoi-tion,  or  in  the  young  shoots  of  woody  branches  m  which  the  inter- 
cellular passages  abound.  In  the  latter  it  is  probable  that  the  cellular 
parenchyma  always  affords  the  principal  channel  for  the  ascent  of  the 
sap;  and  even  where  the  vessels  are  large,  it  appears  from  recent  experi- 
ments to  be  only  when  the  sap  is  ascending  rapidly,  that  they  take  part 
in  its  conveyance,  their  tubes  being  occupied  at  other  times  by  arr  alone, 
which  is  then  displaced.*  The  deposition  of  the  products  of  secretion, 
wliich  gives  strength  and  firmness  to  the  duramen,  destroys  or  gi'eatly 
diminishes  its  power  of  transmitting  fluid;  and  it  is  consequently  through 
the  external  layers,  which  constitute  the  alburnum  or  sap-wood,  that 
the  movement  of  fluid  chiefly  takes  place. — Of  the  precise  course  of  the 
ascending  sap  in  Endogens,  we  have  no  certain  knowledge ;  there  can  be 
little  doubt,  however,  that  it  is  conveyed  through  all  the  tissues  of  the 
stem  which  are  not  consolidated  by  interstitial  deposit,  but  more  especially 
by  the  ducts  when  these  are  peculiarly  large  and  open,  as  is  especially  the 
case  in  long,  firm,  slender  stems,  whose  leaves  are  borne  at  a  considerable 
distance  from  the  roots.  Of  this  arrangement,  the  various  species  of 
Calamus  or  'reed-palm'  (one  of  which  furnishes  the  well-known  'rattan- 
cane')  present  most  characteristic  examples;  the  ducts  being  of  great 
size  and  freely  pervious  through  considerable  lengths,  whilst  the  remain- 
ing tissues  of  their  wiry  stems  are  so  dense  as  to  be  quite  unfit  for  the, 
conveyance  of  fluid,  t 

201.  The  cause  oi  the 'ascent  of  the  sap  in  the  stem  has  long  been  a 
disputed  question  amongst  physiologists ;  some  attributing  it  altogether 

*  See  Hoifmaii  'On  the  Circulation  of  the  Sap  in  Plants,'  in  "Botanische  Zeitung," 
vols.  vi.  viii.,  translated  by  Mr.  Henfrey  in  "Scientific  Memoirs,"  1853. 

t  It  has  been  aifirmed  by  Prof.  Schleiden,  that  the  idea  of  the  ascent  of  the  sap  through 
vessels  is  altogether  a  fiction,  created  by  the  imagination  of  those  who  have  desired  to  find  in 
Plants  the  analogues  of  the  Animal  functions.  But  the  Author  cannot  help  believing  that 
the  desire  of  that  distinguished  Botanist  to  establish  the  entire  absence  of  analogy  between 
the  two  kingdoms,  has  much  to  do  with  his  somewhat  dogmatic  denial  of  a  movement  of 
fluid  through  vessels  in  Plants.  And  whilst  the  Author  is  far  from  denying  that  the  cells, 
woody  fibres,  and  intercellular  passages  of  the  stem,  all  assist  in  the  transmission  of  fluid 
from  the  roots  towards  the  leaves,  he  cannot  but  think  that  the  ducts,  when  fully  developed, 
are  the  special  channels  by  which  this  transmission  is  effected.  How  else  could  the  ascend- 
ing sap  find  its  way  through  the  wiry  stems  of  the  Calainus  rudentwni,  or  '  cable-palm,' 
wliich  are  sometimes  500  feet  long  ? — The  experiments  of  Honninger  ( '  Botanische  Zeitung, ' 
1843)  upon  the  absorption  of  ferro-cyanide  of  potassium,  the  course  of  which  upwards 
through  the  stem  was  afterwards  tested  with  sulphate  of  iron,  led  him  to  the  conclusion 
(which  has  been  adopted  by  Link  and  other  distinguished  Botanists)  that  it  is  only  through 
the  tubular  tissues  of  Vascular  plants,  that  fluid  ascends.  His  experiments,  however, 
were  chiefly  made  upon  species  in  which,  for  the  reasons  stated  in  the  text,  the  vessels  afford 
a  much  readier  channel  for  the  sap,  than  do  the  other  tissues.  On  the  other  hand,  Mr. 
Rainey  concluded  from  experiments  of  a  very  similar  kind,  made  with  bichloride  of  mer- 
cury, that  the  ascent  of  sap  chiefly  takes  place  in  the  intercellular  passages  ("Experimental 
Inquiry  into  the  Cause  of  the  Ascent  and  Descent  of  the  Sap,"  1847).— The  Author  cannot 
but  believe  that  the  discrepancies  of  these  and  numerous  other  observations  are  partly  due 
to  differences  in  the  structure  of  the  stems  of  the  respective  species  upon  which  they  have 
Ijeen  made,  and  partly  (as  the  results  of  Dr.  Hoflinan's  experiments  indicate)  to  differences 
in  the  epoch  or  activity  of  vegetation. 
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to  mechanical  uifluences,  and  some  regai-cUng  it  as  a  pui-ely  vital  (and 
thereiore  completely  inexplicable)  plienomcuon.  A  very  simple  experi- 
ment will  show  that  two  sets  of  causes  must  be  in  constant  operation.  If 
the  top  of  a  yoimg  tree  be  cut-off  in  the  spring,  and  the  divided  extremity 
be  immersed  in  water,  it  wOl  absorb  a  sufficient  quantity  of  fluid  for  the 
temporaiy  supply  of  the  leaves;  whilst,  on  the  other  hand,  the  portion  of 
the  stem  left  in  the  gi^ound  will  continue  for  a  time  to  discharge  the  fluid 
drawn-up  by  the  roots.  It  is  then  evident,  that  the  propidsive  power  of 
the  roots,  for  which  we  have  ah-eady  endeavoured  to  account  (§  177),  is  a 
partial,  but  not  the  entire,  cause  of  the  ascent  of  the  sap  in  the  stem;  since 
the  latter  will  continue  by  simple  imbibition,  when  the  open  extremities 
of  the  vessels  are  placed  in  fluid,  provided  that  the  functions  of  the  leaves 
are  sufficiently  active  to  occasion  a  demand  for  it.  Moreover,  there  would 
seem  no  reason  why  the  spongioles  should  not  be  as  capable  of  absorbing 
fluid  in  the  winter  as  in  summer;  and  if  the  ascent  of  the  sap  depended 
entii-ely  upon  them,  we  should  expect  that  it  would  be  continued.  That 
they  are  thus  capable  has  been  frequently  shown,  by  grafting  a  shoot  of 
an  evergreen  upon  a  stock  whose  leaves  are  deciduous ;  it  being  found 
that  the  uninterrupted  continuance  of  the  demand  meets  with  a  corre- 
sponding supply.  A  still  more  striking  experiment  is  to  train  a  shoot  of 
an  out-door  vine,  or  other  plant,  into  a  hot-house  during  the  winter;  the 
unusual  warmth  will  cause  an  immediate  development  of  the  buds,  for 
which  a  supply  of  nutriment  is  required ;  and  this  is  derived  from  the 
roots,  whose  usual  torpidity  at  this  season  is  thus  remarkably  inteiTupted. 
Careful  examination  of  the  first  movement  of  the  sajD  in  spring,  also  leads 
to  the  same  result ;  for  it  is  now  ascertained  that  the  upward  flow  begins 
near  the  buds,  and  that  it  may  be  progressively  observed  in  the  branches, 
trunk,  and  roots, — the  latter  not  commencing  their  action,  imtil  the  super- 
incumbent column  has  been  removed.  It  can  scarcely,  then,  admit  of  a 
doubt,  that  the  demand  for  fluid,  occasioned  by  the  vital  processes  which 
take  place  in  the  leaves,  is  the  essential  cause  of  the  motion  of  the  sap  in 
the  higher  parts  of  the  tree ;  and  that  the  propulsive  power  of  the  roots 
is  principally  expended  in  raising  it  to  the  sphere  of  that  influence.  It  is 
evident  that  the  quantity  of  fluid  absorbed  by  the  roots,  will  be  propor- 
tioned to  the  rapidity  of  its  removal  by  the  leaves  above ;  just  as  the  con- 
tinued rise  of  oil  in  the  wick,  by  simple  capillary  attraction,  is  regulated 
by  the  rate  of  combustion  at  its  apex. 

202.  It  has  been  commonly  supposed  that  the  '  crude  sap'  of  the 
ascending  current  is  entirely  unfit  to  nourish  the  growing  tissues;  and 
that  they  derive  the  materials  of  their  support  from  a  descending  current 
of  '  elaborated  sap,'  which  is  prepared  in  the  leaves,  and  is  thence  retm-ned 
by  a  distinct  set  of  vessels  to  the  axis,  through  which  it  is  transmitted 
even  as  far  as  the  extremities  of  the  roots.  This  doctrine,  however,  can 
by  no  means  be  admitted  in  the  form  here  stated;  although  it  probably 
contains  a  certain  amount  of  truth.  The  ascending  current  does  not 
contain  those  elements  only  which  are  absorbed  from  the  ^  soil,  namely, 
water,  carbonic  acid,  ammonia,  and  some  mineral  ingredients;  for,  as 
Prof.  Schleiden  remarks,*  "from  whatever  part  and  at  whatever  time  we 

*  "Principles  of  Scientific  Botany,"  translated  by  Dr.  Laakester,  p."  605.— The  whole 
of  the  Section  entitled  'General  phenomena  in  the  Life  of  the  entire  Plant  is  worthy  of 
careful  study  by  those  who  are  capable  of  supplying  by  their  own  knowledge  what  is  iett 
unsaid  by  its  learned  Author. 
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examine  tlie  sap  of  a  plant,  we  find  that  it  contains  organic  principles 
which  cannot  come  from  the  soil,  because  they  do  not  exist  there ;  such  are 
sucar,  gum,  albimien,  malic,  citric,  and  tai-taiic  acids,  &c."  The  presence 
of  "these  substances  in  the  ascending  current  is  accounted-for  by  some 
Physiologists,  on  the  idea  that  they  were  previously  contained  m  the 
tissues,  and  have  been  taken-up  by  it  in  its  progress  through  them] 
whilst  by  Schleiden  and  others  it  is  affirmed,  that  they  must  have  been 
generated  by  the  assimilating  action  of  these  tissues  upon  the  materials 
drawn-in  by  the  roots.*  Whichever  of  these  two  views  is  the  correct  one 
(and  it  is  possible  that  both  may  be  partly  true),  it  is  certain  that  the 
ascending  current  of  sap  must  be  capable  of  aflfording  nutriment  to  the 
growing  tissues,  in  so  far  as  it  holds  gum,  sugar,  and  albumen  in  solution; 
and  hence  there  is  no  sufficient  reason  for  looking  to  a  supply  of '  elaborated 
sap,'  afforded  by  a  hypothetical  descending  current,  as  their  sole  pabulum. 
But,  on  the  other  hand,  there  appears  sufficient  evidence  that  the  leaves 
ai-e  the  chief  agents  in  the  introduction  of  carbon  into  the  system,  by  the 
decomposition  of  the  carbonic  acid  of  the  atmosphere  (§  268);  and  that 
a  much  greater  quantity  of  the  organic  compounds,  at  the  expense  of 
which  the  new  tissues  of  the  plant  are  formed,  is  prepared  by  their  instru- 
mentality, than  by  any  other  means.  These  organic  compounds  must  be 
dispersed  through  the  axis ;  and  there  appears  strong  reason  to  believe 
that  this  dispersion  is  chiefly  effected  by  the  cellular  portion  of  it,  and 
especially,  in  Exogens,  by  the  bark  (with  which  the  leaf-stalks  are  in  very 
intimate  connection)  and  by  the  medullary  rays.  By  the  bark,  these 
compoimds  are  especially  conveyed  to  the  interspace  between  the  Uber 
and  the  alburnum,  in  which  the  formation  of  new  wood  takes  place ; 
whilst  by  the  medullary  rays  they  are  carried-in  towards  the  centre  of  the 
stem,  and  afford  the  means  of  consolidation  to  the  duramen.  It  is  in 
accordance  with  this  view,  that  if  a  ring  of  bark  be  removed  from  a 
stem,  the  parts  above  the  ring  undergo  an  unusual  amount  of  increase, 
whilst  those  below  the  ring  are  comparatively  atrophied.  There  is  no 
reason  to  suppose,  however,  that  this  dispersion  is  effected  by  anything 
like  a  current;  still  less,  that  any  special  system  of  vessels  is  provided  for 
conveying  back  the  '  elaborated  sap'  from  the  leaves  to  the  stem.  Its 
transmission  appears  to  be  simply  a  process  of  imbibition,  taking  place 
between  contignious  cells,  whereby  each  communicates  to  the  rest  a  por- 
tion of  the  nutritive  materials  with  which  it  is  charged;  every  one  making 
that  use  of  them  which  is  in  accordance  with  its  own  endowments. — 
Additional  evidence  in  favour  of  the  view  here  advocated,  will  be  given 
hereafter  (chap,  viii.) 

203.  It  appears  from  microscopic  observation,  however,  that  a  special 
circulation  of  peculiar  juices  does  take  place  in  certain  parts  of  particular 
tribes  of  plants,  through  that  system  of  anastomosing  vessels,  which  has 
been  termed  laticiferous  (Fig.  110).  This  cyclosis  has  been  only  observed 
in  plants  with  '  milky'  juices,  that  is,  in  those  wliich  have  a  '  latex'  ren- 
dered opaque  by  the  presence  of  floating  particles  of  resin,  caoutchouc,  or 
other  substances;  and  it  is  altogether  questionable,  whether  this 'latex' 

*  It  is  difficult  to  understand,  however,  how  this  process  can  he  effected  by  the  cells  of 
the  interior  of  the  stem  and  roots,  secluded  as  they  are  from  tlie  direct  influence  of  lirfit  • 
without  which  (we  have  eveiy  reason  to  believe)  no  dii-ect  production  of  organic  compounds 
Irom  inorganic  elements  can  take  place. 
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Laticiferous  vessels : — a,  their  formation  from  cells ; 
B,  network  of  milk-vessels  from  the  stipule  ^ofi'licMS 
elastica. 


is  not  peciiliar  to  the  plants  witli  milky  juices,  and  is  not  rather  to  be 
considered  in  the  light  of  a  special  secretion,  than  as  a  nutritious  fluid. 

When  the  laticiferous 
Fig.  110.       ^  vessels  are  cut  or  bro- 

ken across,  a  flow  of 
fluid  takes  place  from 
the  wounded  part;  and 
if  a  piece  of  the  bark 
or  leaf  of  a  '  milky' 
plant  be  cut  out  and 
placed  under  the  mi- 
croscope, the  fluid  con- 
tained in  the  vessels 
will  be  seen  in  raj)id 
movement  throughout. 
This,  however,  has  no 
relation  to  the  true 
circulation,  which  was 
first  described  by  Prof. 
Schultz  as  taking  place 
in  the  laticifero\is  ves- 
sels of  an  uninjured 
part.'"  The  movement 
seems  to  take  place  in 
all  directions,  the  currents  often  running  contrariwise  in  contiguous 
vessels.  Sometimes  one  of  these  currents  may  be  observed  to  stop,  its 
cessation  being  preceded  by  a  temporary  oscillation ;  it  afterwards  recom- 
mences, or  a  new  current  is  established  in  a  contrary  direction.   The  rate 

*  "Nova  Acta  Acad.  Nat.  Curios.,"  vol.  xviii.,  and  "Ann.  des  Sci.  Nat.,"  2"  Ser. 
Botaniqne,  torn.  vii. — The  statements  of  Schultz  have  been  called  in  question  by  many 
distinguished  Botanists,  amongst  others  by  Prof.  Schleiden,  who  have  regarded  the  move- 
ments described  by  him  as  the  result  of  injury  to  the  vessels,  pennitting  the  discharge  of 
their  contents,  and  consequently  establishing  a  current  towards  the  point  of  exit.  So  many 
competent  observers,  however,  have  satisfied  themselves  that  such  is  not  a  suificient  ex- 
planation, that  the  existence  of  a  regular  movement  of  the  latex  in  certain  plants  must,  in 
the  Author's  opinion,  be  regarded  as  an  established  fact,  whatever  be  its  degree  of  gene- 
rality. The  latest  recorded  observations  on  this  point  are  those  of  Prof.  Balfour ;  which 
are  to  the  following  effect. — "From  observations  made  last  summer,  I  am  disposed  to 
agree  with  Schultz's  statements.  It  is  true,  as  Mohl  remarks,  that  any  injury  done  to  the 
part  examined,  causes  peculiar  oscillatory  movements,  which  speedily  cease.  Thus  if  the 
young  expanded  sepal  of  the  Celandine  is  removed  from  the  plant  and  put  under  the 
microscope,  or  if  the  inner  lining  of  the  young  stipule  of  Ficus  elastica  be  treated  in  a 
similar  manner,  very  obvious  motion  is  seen  in  the  gi-anular  contents  of  the  vessels,  and 
this  motion  is  affected  by  pricking  the  vessels  or  by  pressure.  In  order  to  avoid  faUacy, 
however  I  applied  the  microscope  to  the  stipules  of  Ficus  elastica  while  still  attached  to 
the  plant  and  uninjured ;  and  I  remarked  that,  while  pressure  with  any  blunt  object  on 
the  stipule  caused  a  marked  oscillation  in  the  vessels,  showing  their  continuity,  there 
could  nevertheless,  be  obsei-ved  a  regular  movement  from  the  apex  towards  the  base,  mde- 
pendent  of  external  influences,  when  the  stipule  was  simply  aUowed  to  lie  on  the  field  of 
the  microscope,  without  any  pressui-e  or  injury  whatever.  This  movement  continued  for  at 
least  twenty  minutes  during  one  of  the  experiments,  and  I  have  no  doubt  might  have  been 
observed  longer  It  is  of  importance  to  distinguish  between  those  molecular  movements 
which  are  caused  by  injury  and  pressure,  and  those  which  depend  on  processes  going  on  in 
the  interior  of  the  Uving  plant.  My  experiments  are  by  no  means  complete ;  but  they  lead 
at  present  to  the  adoption  of  Schultz's  opinion  relative  to  the  existence  of  the  cyclosis.  — 
"Manual  of  Botany,"  1849. 
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of  movement  is  greatest  in  parts  wliich  aro  in  progress  of  development, 
other  thint^  remaining  the  same ;  it  is  also  accelerated,  withm  certain 
limits  by  warmth;  and  is  retarded  or  entirely  brought  to  a  stop  by  cold, 
recommencing  on  the  renewed  application  of  warmth.  A  strong  electric 
shock  pnts  an  end  to  it  immediately. 

204  The  resemblance  between  this  movement  m  Plants  and  the  capil- 
lary circulation  in  Animals,  makes  it  a  point  of  peculiar  interest  and 
importance  to  determine  the  nature  and  source  of  the  forces  by  which  the 
former  is  sustained.  It  is  quite  obvious  that  the  movement  cannot  be 
due  to  any  vis  cl,  tergo;  both  because  it  is  far  from  being  constant  m  its 
cUrection  in  particular  vessels,  and  because  there  is  no  organ  to  supply  a 
propelling  force,  wMch  could  extend  itself  through  such  a  complex  system 
of  anastomosing  canals.  ISTor,  again,  can  we  attribute  it  to  any  vis  cifrmite, 
like  that  which  takes  part  in  producing  the  ascending  current  from  the 
roots  towards  the  leaves.  It  is  certain^  too,  that  no  such  contraction  of 
the  laticiferous  vessels  themselves  takes  place,  as  could  be  eflfectual  in 
propelling  the  fluid  through  them.  Further,  the  movement  continues 
for  some  time  in  parts  that  have  been  completely  detached  from  the  rest, 
and  on  which  neither  vis  a  tergo  nor  vis  d  fronte  can  have  any  influence. 
On  the  other  hand,  the  facts  stated  in  the  preceding  paragraph  all  indicate 
that,  like  the  '  rotation  within  the  individual  cells  of  Plants  (chap.  VIII.), 
the  movement  of  fluid  witliin  the  laticiferous  vessels  (whatever  may  be 
its  jjurpose  in  the  vegetable  economy)  is  intimately  connected  with  the 
formative  operations  of  the  part,  and  is  dependent  upon  forces  which 
arise  out  of  these.  The  manner  in  which  they  become  so,  is  the  next 
object  of  our  enquiry;  and  on  this  subject,  some  views  have  been  put 
foi-th  by  Prof.  Draper,*  which  seem  to  help  towards  an  explanation  of  the 
phenomena. 

205.  It  is  capable  of  being  shown,  by  experiments  on  inorganic  bodies, 
that,  if  two  liquids  communicate  with  each  other  through  a  capillary  tube, 
for  the  walls  of  which  they  both  have  an  affinity,  this  affinity  being 
sti'onger  in  the  one  liquid  than  in  the  other,  a  movement  will  ensue ;  the 
liquid  which  has  the  greatest  affinity  being  absorbed  most  energetically 
into  the  tube,  and  driving  the  other  before  it.  The  same  resi^Lt  occurs 
when  the  fluid  is  drawn,  not  into  a  single  tube,  but  into  a  network  of 
tubes  permeating  a  soHd  structure;  for  if  this  porous  structm*e  be  pre- 
viously saturated  with  the  fluid  for  which  it  has  the  less  degree  of  attrac- 
tion, this  will  be  driven  out  and  replaced  by  that  for  which  it  has  the 
gi-eater  affinity,  when  it  is  permitted  to  absorb  this.  N'ow  if,  in  its  pas- 
sage through  the  porous  solid,  the  liquid  undergo  such  a  change  that  its 
affinity  be  diminished,  it  is  obvious  that,  according  to  the  principle  just 
explained,  it  must  be  driven  out  by  a  fresh  supply  of  the  original  liquid, 
and  that  thus  a  continual  movement  in  the  same  direction  would  be  pro- 
duced.— ISTow  this  is  precisely  what  seems  to  take  place  in  an  organised 
tissue  that  is  permeated  by  a  fluid,  between  whose  particles,  and  those 
of  the  tissue  which  it  penetrates,  affinities  exist,  which  are  concerned  in 
the  formative  changes  that  take  place  during  its  circulation.  For  these 
affinities  are  continually  being  newly  developed  by  acta  of  growth,  as  fast 

*  "  On  the  Forces  which  produce  the  Organisation  of  Plants,"  by  John  William  Draper, 
M.D.,  New  York,  1844  ;  pp.  29  et  scq. 
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as  those  wliich  previously  existed  are  satisfied  or  neutralised  by  the  changes 
that  have  already  occiu-red ;  and  thus  iu  the  circulation  of  the  nutritive 
fluid,  there  is  a  constant  attraction  of  its  particles  towards  the  walls  of 
the  vessels,  and  a  continual  series  of  changes  produced  in  the  fluid  as  the 
result  of  that  attraction.  The  fluid,  which  has  given  up  to  a  certain 
tissue  some  of  its  materials,  no  longer  has  the  same  attraction  for  that 
tissue ;  and  it  is  consequently  driven  from  it  by  the  superior  attraction 
then  possessed  by  the  tissue  for  another  portion  of  the  fluid,  which  is 
ready  to  undergo  the  same  changes,  to  be  in  its  turn  rejected  for  a  fresh 
supply.  Thus  in  a  growing  part,  there  must  be  a  constantly-renewed 
atti-action  for  that  portion  of  the  nutritive  fluid  which  has  not  yet  tra- 
versed it ;  whilst,  on  the  other  hand,  there  is  a  diminished  attraction  for 
that  which  has  yielded-up  the  nutritive  materials  required  by  the  particular 
tissues  of  the  part ;  and  thus  the  former  is  continually  driving  the  latter 
before  it.  But  the  fluid  which  is  thus  repelled  from  one  part,  may  still  be 
attracted  towards  another,  because  that  portion  of  its  contents,  which  the 
latter  reqviires,  may  not  yet  have  been  removed  from  it;  and  in  this 
manner  the  current  may  be  maintained  through  the  whole  capillary  net- 
work, until  the  liquid  has  been  entirely  taken  up  by  the  tissues  which  it 
permeates.  The  source  of  the  movement  being  thus  attributable  to  the 
formative  actions  to  which  it  is  subservient,  it  is  obvious  that  it  must  be 
affected  by  any  external  agencies  which  quicken  or  retard  these;  and  it  is 
thus  that  the  influence  of  heat,  cold,  and  electricity  upon  the  rate  of  the 
flow  seem  most  readily  explicable. — These  principles  will  be  hereafter 
shown  to  have  a  most  definite  application  to  the  phenomena  of  the 'capil- 
lary circulation'  in  Animals  (§  251). 

206.  The  development  of  the  Circulating  system  during  the  growth  of 
Vascular  Plants,  has  not  yet  been  made  an  object  of  special  attention;  the 
general  facts  with  which  we  are  acquainted,  however,  correspond  exactly 
with  the  principles  which  have  been  previously  stated. — As  the  absorption 
of  nutriment  by  the  embryo  within  the  ovule  api)ears  to  take  place  through 
the  whole  siirface,  there  is  no  transmission  of  fluid  from  one  portion  to 
another;  nor  do  we  find,  even  at  the  period  of  the  ripening  of  the  seed, 
any  distinct  vascular  structure.  As  far  as  its  circulating  system_  is  con- 
cerned, therefore,  the  young  plant,  at  the  commencement  of  germmation, 
is  on  a  level  with  the  simpler  ceUular  tribes.  During  the  rapid  longitu- 
dinal development,  however,  wliich  then  takes  place  in  the  stem  and  root, 
there  is  of  course  a  peculiar  transmission  of  fluids  in  those  du-ections; 
and  this  appears  to  be  at  first  performed,  as  in  the  stem  of  the  Fimgi,  by 
elongated  cells  and  intercellular  passages.  It  is  not  untH  the  true  leaves 
are  expanded,  that  we  find  true  ducts  in  the  stem,  formed  by  the  coales- 
cence of  linear  series  of  cells,*  mostly  containing  spiral  fibres  or  some  other 
secondary  gTOwth  in  their  interior;  and  it  is  very  interesting  to  remark, 
that  these  ducts  in  young  plants  often  present  the  appearance  wluch  is 
characteristic  of  the  Ferns,  having  the  spiral  fibre  more  or  less  regularly 
disposed  within  them  (Fig.  109,  i,  2);  whilst,  after  the  stem  has  ceased 
to  increase  rapidly  in  length,  these  canals  are  converted  into  dotted  ducts 
(Figs.  109,  3).    The  anastomosing  vessels  of  the  latex  m  lake  manner 

♦'riiis  view  of  the  mode  in  which  the  ducts  of  Plants  axe  formed,  based  on  a  comparison 
of  thl^Jn^uTf™  wTch  they  present  has  ^een  confirnied  by  the  ^^^^^^^^ 
Dr.  Hobson  on  the  history  of  their  development.  ("  Ann.  of  Nat.  Hist.,   vol.  xi.  p.  i  l.) 
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orio-inate  from  cells  of  less  regular  form,  which  open  into  one  another  at 
several  points,  and  not,  as  in  the  formation  of  ducts,  by  their  extremities 
alone.    This  change  is  represented  in  progress  in  Fig.  110,  A. 

3.  Circulation  in  Animals. 

207.  In  following  the  evolution  of  the  Circulating  system  through  the 
Animal  scale,  it  will  be  easy  to  discover  its  conformity  to  the  same  gene- 
ral plan,  as  that  which  has  just  been  traced-out  in  the  Vegetable  kingdom. 
In  propoi-tion  as  the  power  of  absorbing  aliment  is  restricted  to  one  part 
of  the  sm-face,  whether  external  or  internal,  does  it  become  necessary  that 
means  should  be  provided  for  conveying  the  nutritive  fluid  to  distant 
organs;  not  merely  that  it  may  furnish  the  supplies  which  they  are  con- 
stantly requiring  for  the  maintenance  of  their  respective  structures,  and 
for  the  manifestation  of  their  vital  properties;  but  also  that  it  may  itself 
undergo  certain  changes,  which  are  essential  to  the  continuance  of  its 
characteristic  qualities.  Not  only  does  the  Circulation  of  fluid  through 
the  system  enable  the  new  materials  to  be  deposited  in  their  appropriate 
situations,  but  it  also  takes-up  and  removes  the  particles,  which,  having 
manifested  a  tendency  to  decomposition,  are  no  longer  fit  for  the  offices 
which  they  previously  contributed  to  perform ;  so  that,  by  the  various 
processes  of  elimination,  these  may  be  separated  from  the  general  mass, 
and  be  either  appropriated  to  some  other  purpose  in  the  economy,  or  be 
altogether  carried  out  of  the  structure.  The  excretion  of  carbonic  acid 
by  the  Respiratory  apparatus  is  one  of  the  most  considerable  and  im- 
portant of  these  processes ;  and  it  will  be  found  that  the  distribution  of 
the  Circulating  system  has  always  an  express  relation  to  the  conditions 
under  which  this  is  performed.  In  fact,  so  peculiar  is  this  adaptation  in 
the  higher  Animals,  that  many  have  considered  the  sanguiferous  system 
under  two  heads, — ^that  belonging  to  the  general  circulation  of  nutritious 
fluid  through  the  body, — and  that  which  performs  the  respiratory  circu- 
lation, conveying  the  blood,  which  has  been  rendered  impure  by  the 
changes  it  has  previously  undergone,  to  the  organs  where  its  physical  and 
vital  properties  are  to  be  renewed  by  contact  with  the  air.  Respiration 
differs  not  in  kind,  however,  from  the  other  functions  of  purification,  but 
only  in  its  relative  importance;  and  although  in  warm-blooded  Yerte- 
brata,  whose  nervo-muscular  energy  can  only  be  maintained  in  full  vigour 
by  a  constant  supply  of  oxygenated  blood,  its  cessation  even  for  a  short 
time  is  fatal,  there  are  many  amongst  the  lower  classes,  in  which  it  can 
be  suspended  for  a  considerable  period  with  imjDunity,  and  in  which  the 
increased  amount  of  other  secretions  appears  to  counterbalance  the  dimi- 
nution in  its  products.  We  find  too,  even  in  the  highest  Vertebrata, 
peculiar  modifications  of  the  circulating  apparatus  in  connection  with 
other  secreting  organs,  as  the  Liver  in  Mammalia,  and  the  Kidneys  in 
Birds ;  and  yet  more  remarkable  modifications  of  the  same  nature  are 
elsewhere  found :  so  that  it  should  rather  be  stated  as  a  general  fact,  that, 
in  proportion  to  the  variety  of  the  organs,  and  the  importance  of  the 
functions  they  perform,  is  the  special  adaptation  of  the  Circulating  appa- 
ratus which  supplies  them,— than  that  it  undergoes  modification  accordincr 
to  the  conditions  of  the  respiratory  system  alone,  as  Cuvier  maintainecf 
In  proportion  as  the  function  of  Absorption  is  restricted  to  one  part-of 
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the  sixi-faco,  that  of  Respiration  will  be  limited  to  another;  and  the  pro- 
cesses of  Nutrition,  and  the  formation  of  Secretions,  will  go-on  in  parts 
of  the  stx-uctiu-e  distant  from  both;  and  all  these  must  be  brought  into 
harmony  by  the  Cu-culatiiig  system,  the  arrangement  of  which  will  evi- 
dently vary  from  the  most  simple  to  the  most  complicated  form,  according 
to  the  number  and  variety  of  the  actions  to  wliich  it  is  subservient,  and 
the  vigour  with  which  these  are  pei'formed. 

208.  Still,  in  most  of  those  animals  whose  ISTervo-Muscular  energy  is 
the  greatest,  the  arrangement  of  the  Circulating  apparatus,  and  the  rate 
of  the  movement  of  blood  through  it,  appear  to  have  special  reference  to 
the  demand  for  oxygen  created  in  the  discharge  of  the  Animal  functions, 
and  to  the  necessity  for  the  removal  of  the  carbonic  acid  generated  in 
the  same  processes ;  whilst  there  is  evidence  that  the  organic  operations 
of  growth  and  development  might  be  carried-on  by  means  of  a  much 
less  rapid  flow,  and  by  a  less  perfectly-oxygenated  blood.  A  remarkable 
example  of  this  principle  is  presented  by  the  condition  of  the  Circulation 
in  the  class  of  Insects,  in  which  the  activity  of  the  animal  functions  is 
relatively  greater  than  in  any  other  group ;  for  we  find  that  the  movement 
of  their  nutritive  fluid,  which  is  subservient  in  them  to  nutrition  alone, 
is  comparatively  slow  and  feeble  (§  224),  the  very  active  aeration  of 
their  neiwo-muscular  apparatus  being  accomplished,  not  so  much  by  the 
medium  of  their  blood,  as  by  the  penetration  of  air-tubes  into  the  tissues 
themselves  (§  302). 

209.  The  Circulating  apparatus  of  Animals,  at  least  where  it  is  dis- 
tinctly developed,  difiers  in  one  important  particular  from  that  of  Plants. 
We  have  seen  that,  in  the  latter,  the  sap  which  has  been  elaborated  in 
the  leaves  is  dispersed  throu.gh  the  fabric,  giving-up  its  nutritive  con- 
stituents to  the  parts  to  which  it  finds  its  way  (§  202) ;  and  if  any  of  it 
mixes  with  the  ascending  current,  and  circulates  a  second  time  through 
the  system,  the  amount  of  this  is  comparatively  small.  In  the  higher 
Animals,  on  the  contrary,  we  observe  that  the  same  fluid  is  repeatedly 
transmitted  through  the  body ;  the  alterations  which  are  efiected  in  one 
part  of  its  course  by  the  withdrawal  of  materials  for  particular  processes 
of  Nutrition,  being  counterbalanced  in  others  by  nutritive  operations  of 
some  difiierent  kind  (see  chap,  viii.),  as  likewise  by  those  of  Respii-ation 
and  Secretion,  and  by  the  contiaual  admixture  of  new  alimentary  mate- 
rials. 

210.  In  all  the  higher  forms  of  the  Circulating  apparatus,  again,  we 
find  a;  central  organ  of  impulsion,  the  Hecm't,  into  which  the  fluid  returned 
from  the  various  parts  of  the  body  is  poured,  and  on  whose  contractile 
force  the  maintenance  of  the  cui-rent  chiefly  depends.  From  this  it 
passes-out  by  one  or  more  large  trunks,  which  convey  it  to  the  several 
organs  and  tissues;  these  are  called  Arteries.  The  arteries  gradually 
subdivide  into  ramifying  vessels,  which,  repeatedly  undergoing  the  same 
change  (Fig.  Ill),  terminate  in  a  complex  system  of  anastomosing  (inter- 
communicating) tubes,  of  nearly  uniform  size,  which  are  termed  Capil- 
laries. It  is  in  these  only,  that  the  blood  comes  iuto  sufficiently  intimate 
relation  with  the  tissues  which  it  supports,  or  by  which  secretions  are 
elaborated  from  it,  for  the  performance  of  chemical  or  vital  reactions  be- 
tween them ;  so  that  we  may  consider  the  function  of  the  arteries  to  be 
the  simple  conveyance  of  the  nutritive  fluid  from  the  central  organ  of 
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impulsion  to  this  network  of  capillaries,  which  exists  in  most  of  the  living 
tissues  of  the  body,  and  in  near  proximity  to  the  remainder.    Even  the 

Fia.  111. 


a 


Web  of  Frog's  foot,  atretchiug  between  two  toes,  magnified  3  diameters ;  showing  the 
blood-vessels,  and  their  anastomoses  :  a,  a,  veins ;  J,  b,  b,  arteries. 

walls  of  these  trunks  are  furnished  with  a  distinct  set  of  branches  (the 
vasa  vasontm),  proceeding  from  neighbouring  vessels,  for  their  own  nutri- 
tion. After  traversing  the  capillaries,  the  blood  is  received  into  another 
series  of  vessels,  formed  by  their  reunion,  which  are  termed  Veins;  and 
these,  gradually  coalescing  into  larger  trunks,  return  it  to  the  central 
reservoir. — The  walls  of  the  Arteries  and  Veins  are  formed  of  several 
layers  of  tissue,  which,  however,  constitute  three  principal  '  coats.'  The 
inner'  coat  is  a  pellucid  structureless  membrane,  continuous  both  with 
that  which  lines  the  heart,  and  with  that  which  forms  the  sole  boimdary 
of  the  capillaries ;  and  this  is  covered  on  its  free  or  internal  surface  by  a 
layer  of  epithelial  cells.  The  outer  coat  is  simply  protective,  and  is 
foi-med  of  condensed  areolar  tissue.  The  middle  or  '  fibrous '  coat,  how- 
ever, which  is  much  thicker  in  the  arteries  than  in  the  veins,  is  partly 
composed  of  yellow  elastic  tissue ;  and  partly  of  non-striated  muscular 
fibre.  By  the  agency  of  the  former,  which  is  especially  abundant  in  the 
larger  arteries  that  receive  the  blood,  direct  from  the  heart,  the  inter- 
mitting jets  in  which  the  fluid  is  at  first  propelled  by  its  contractions, 
are  gradually  converted  into  a  continuous  stream.  The  latter,  on  the 
other  hand,  is  more  abundant  in  the  smaller  arteries,  and  appears  to 
supply  a  propulsive  force  in  some  degree  complementary  to  that  of  the 
heart ;  but  its  main  purpose  seems  to  be,  to  reg-ulate  the  diameter  of  the 
vessels,  in  doing  which  it  is  probably  influenced  in  some  degree  by  the 
Synipathetic  system  of  nerves  that  is  minutely  distributed  upon  it.  Of 
rapid  alterations  in  their  diameter,  which,  being  emotional  in  their  soiu-ce. 
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can  be  only  referred  to  tlie  instrumentality  of  tlie  nei-vous  system,  we 
have  a  cliaracteristic  example  in  the  act  of  '  blushing.' — The  capillaiy 
vessels,  too,  in  the  liigher  animals,  possess  a  distinct  wall,  which  is  con- 
tinuous with  the  lining  membrane  of  the  larger  vessels ;  and  they  are 
thus  to  be  considered  in  a  different  light  from  that  of  a  mere  system  of 
passages  excavated  in  the  substance  of  the  tissues. 

211,  Thetnmks  and  branches  of  the  Blood-vessels  appear  to  be  formed, 

in  the  first  instance,  like  the  ducts 
FiQ.  112.  of  Plants  (§  206),  by  the  coales- 

cence of  cells  arranged  in  linear 
series ;  those  of  moderate  size 
taking  their  origia  in  single  or 
double  files  of  such  cells,  whose 
coalesced  walls  form  the  primitive 
simple  membranous  tubes  of  these 
vessels ;  whilst  the  principal  trunks, 
like  the  heart  (§  248),  are  formed 
out  of  aggregations  of  cells,  of 
which  those  in  the  interior  liquefy 
to  form  the  cavity,  whilst  those  on 
the  periphery  are  metamorphosed 
into  the  fibrous  and  other  tissues  of 
which  their  more  substantial  walls 
are  composed.  The  first  Capillary 
network,  however,  seems  to  be 
formed  by  the  coalescence  of  pro- 
longations of  stellate  cells  (Fig. 
112),  which  come  into  contact 
either  with  the  walls  of  vessels 
already  existing,  or  with  each 
other ;  and  when  their  cavities 
have  become  continuous  with 
those  of  vessels  previously  tra- 
versed by  blood,  they  too  begin  to 
receive  that  fluid,  then  enlarge, 
and  at  last  form  a  regular  network 
of  tubes, — their  cellidar  origia, 
however,  being  still  indicated  by 
the  presence  of  nuclei  in  their 
walls.*  The  subsequent  deve- 
lopment of  capillaries,  on  the  other 
hand,  usually  takes  place  by  out- 
growth from  the  vessels  previously 
formedj  in  the  mode  thus  described 
by  Mr.  Paget.  +  "  Suppose  a  Une 
or  arch  of  capillary  vessel,  passing 
below  the  edge  or  surface  of  a  part  to  which  new  material  has  been 
superadded.    The  vessel  will  at  fii'st  present  a  slight  dilatation  in  one, 

*  See  the  observations  of  Prof.  Kolliker  'Sur  le  ddveloppement  des  Tissus  chez  les 
Batraciens,'  in  "Ann.  des  Sci.  Nat.,"  3"  Ser.,  Zool.,  Tom.  vi. 

t  "Lectures  on  Surgical  Pathology,"  vol.  i.,  p.  216. 


Formation  of  Capillaries  in  tail  of  Tadjpole  : — 
a,  a,  capillaries  permeable  to  blood ;  h,  h,  tat  gra- 
nules attached  to  tlie  walls  of  the  vessels,  and  con- 
cealing the  nuclei ;  c,  hoUow  prolongation  of  a  ca- 
pillary ending  in  a  point ;  d,  a  branching  cell,  with 
nucleus  and  fat  granules,  communicating  by  three 
branches  with  capillaries  already  formed ;  e,  blood- 
corpuscles,  still  containing  granules  of  fat. 
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and  coinciclently,  or  shortly  after,  in  another  point,  as  if  its  wall  yielded 
a  little,  near  the  edge  or  surface.  The  slight  pouches  thus  formed 
gi-adualiy  extend,  as  blind  canals  or  diverticula,  from  the  original  vessels, 
still  dii-ecting  their  course  towards  the  edge  or  surface  of  the  new  mate- 
rial, and  crowded  with  blood-corpuscles,  which  are  pushed  into  them 
from  the  main  stream.  StUl  extending,  they  converge,  then  meet;  the 
partition-wall  that  is  at  first  formed  by  the  meeting  of  their  closed  ends, 
clears  away;  and  a  perfect  arched  tube  is  formed,  through  which  the 
blood,  diverging  from  the  main  or  former  stream,  and  then  rejoining  it, 
may  be  continuously  propelled." — This  last  process  may  be  seen  in  the 
growing  parts  of  the  tail  of  the  Tadpole,  in  the  develoj)ment  of  the  filamen- 
tous giiis  and  of  the  legs  of  the  Water-Newt,  in  the  first  evolution  of  the 
extremities  of  the  embryoes  of  higher  animals,  and  in  the  formation  of 
new  structures  in  the  fully-developed  organism,  either  for  the  repan-  of 
injiu-ies,  or  as  the  result  of  morbid  processes.  In  some  instances  it 
would  appear  that  the  wall  of  the  newly-forming  vessel  gives  way, 
and  that  the  blood-corpuscles  escape  from  it  into  the  parenchyma,  at 
first  collecting  in  an  undefined  mass,  but  soon  manifesting  a  definite 
direction,  and  coming  into  connection  with  another  j)ortion  of  the  arch 
or  with  some  adjacent  vessel.  Thus,  then,  a  cliannel  and  not  a  vessel 
is  formed;  and  it  is  probably  in  this  way  that  those  passages  are 
excavated,  wliich  take  the  place  of  distinct  vessels  in  many  of  the  lower 
tribes  of  animals. 

212.  The  foregoing  description,  however,  is  by  no  means  applicable  to 
the  entire  Animal  kingdom;  for  in  many  of  the  simpler  tribes,  there  is 
no  circulation  of  a  proper  nutritive  fluid;  and  in  many  others,  the  vascu- 
lar system  is  far  from  possessing  the  completeness  of  organisation  which 
it  exhibits  in  the  higher  groups.  An  entire  deficiency  of  any  special 
provision  for  this  purpose,  is  seen  alike  in  such  among  the  lower  tribes 
of  Animals  as  possess  no  digestive  cavity,  and  in  such  as  have  the  diges- 
tive cavity  or  its  prolongations  extending  through  their  whole  fabric. 
To  the  first  category  belong  the  Cestoic^  Entozoa  (§  138),  which  derive 
the  whole  of  their  aliment  by  imbibition  of  the  juices  of  the  animal  they 
infest,  through  the  soft  integument  with  which  their  bodies  are  every- 
where covered.  Notwithstanding  the  specialized  condition  of  some  parts 
of  their  organisation,  therefore,  they  are  on  the  level  of  the  Algse  as 
regards  the  general  difiusion  of  the  power  of  absorption;  and  there  is 
consequently  no  occasion  for  any  circulation  of  nutrient  fluid  through 
their  bodies.  In  the  second  categoiy  we  find  the  Trematode  Entozoa,*  and 
the  classes  of  Zoophytes  and  Acalephce  among  the  Radiata;  for,  as  already 
shown  (§§  151 — 154),  the  digestive  cavity  of  these  animals  is  either  itself 
in  such  immediate  relation  to  their  tissues,  that  they  can  supply  them- 
selves directly  by  imbibition  with  the  alimentary  materials  which  it  has 
prepared;  or  it  so  communicates  with  the  visceral  cavity,  that  these 

*  A  system  of  vessels,  wWch  have  been  until  lately  reputed  to  be  sanguiferous,  does 
indeed  exist  in  botli  the  above  named  tribes  of  Entozoa :  but  it  seems  now  quite  cer- 
tain that  these  vessels,  together  with  the  trunks  which  in  the  Gestoidea  have  been  re- 
garded as  constituting  an  alimentary  canal,  really  belong  to  the  'water-vascular'  system 
of  Siebold.  What  is  the  nature  of  their  contents,  and  what  is  the  pui-pose  of  the  move- 
ment which  is  seen  in  them,  are  still  far  from  being  clearly  known.  But  as,  on  the  whole 
this  system  of  vessels  appears  most  to  resemble  the  ' respii-atory  tree'  of  the  Holothurida 
(§  284),  it  will  be  described  in  connection  with  the  Respiratory  organs  generally  (§  285).  ' 
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materials  find  their  way  through  the  latter  to  the  parts  not  in  immediate 
contact  with  it ;  oi',  agam,  a  system  of  lacuna;  or  of  channels  is  prolonged, 
either  from  the  digestive  or  from  the  visceral  sac,  into  parts  which  are  far 
removed  from  the  principal  cavity  of  either. 

213.  The  simplest  provision  for  a  proper  Circulation  of  nutritive  fluid, 
consists  in  the  complete  separation  of  the  Digestive  cavity  fi-om  the 
'general  cavity  of  the  body;'  the  immediate  products  of  the  digestive 
operation  being  limited  to  the  former ;  whilst  the  latter  is  filled  with  a 
'  chylaqueous  fiuid'  (§  40,  note),  the  materials  of  which  have  transuded  into 
it  through  the  walls  of  the  alimentary  sac  or  tube  which  it  sun'Oimds. 
This  fluid  resembles  the  chyle  of  Vertebrata,  rather  than  their  blood, 
in  the  low  proportion  of  its  organic  to  its  aqueous  components,  in  its 
imperfect  coagulating  power,  in  the  absence  of  colonizing  matter,  and  in 
the  natnre  of  the  floating  corpuscles  which  it  contains.    In  the  simpler 
forms  both  of  Articulated  and  of  Molluscous  animals,  we  find  the  flux  and 
reflux  of  this  chylaqueous  flviid  in  the  general  cavity  of  the  body, — ^main- 
tained by  no  special  provision,  bnt  due  only  to  movements  that  are 
related  immediately  to  some  other  purpose, — constituting  the  only  provi- 
sion for  supplying  the  organs  generally  with  nutriment,  and  for  keeping 
the  nutritious  fluid  itself  in  the  requisite  state  of  aeration.    This  is  the 
case,  for  example,  with  the  Rotifera  and  Bryozoa,  which,  in  this  respect, 
are  upon  the  same  grade  of  development ;  it  is  the  case,  too,  with  the 
small  tribe  of  Pycnogonidce  (§  231),  even  in  their  permanent  condition; 
and  it  seems  to  be  true  also  of  the  larval  condition  of  certain  Myriapods 
and  Insects.    The  group  of  Nematoid  Entozoa,  too,  in  which  the  intes- 
tinal canal  lies  freely  in  the  midst  of  the  visceral  cavity  (Fig.  52),  seems 
to  rank  in  the  same  category,  together  with  a  gi'oup  of  inferior  worm-like 
animals  of  similar  organisation,  which  inhabit  fresh  waters  and  seas ;  for 
although  they  have  a  system  of  vessels  which  has  been  regarded  as 
sanguiferous,  it  is  almost  certain  that  these  vessels  belong  to  the  same 
category  with  those  of  the  other  Entozoa,  and  that  whatever  circiilation 
of  nutritive  fluid  may  take  place  in  their  bodies,  it  is  restricted  to  the 
visceral  cavity,  with  which  the  tissues  generally  are  in  immediate 
contact. 

214.  As  we  ascend  fi-om  the  lower  MoUusca  and  Articidata  towards 
the  higher  members  of  each  sub-kingdom,  we  find  that  the  Cu-culating 
system  is  gradually  developed  as  an  ofiset  (so  to  speak)  from  the  visceral 
cavity.  This  is  seen  most  clearly  in  the  Tunicated  MoUusks,  which, 
whilst  very  closely  allied  to  the  Bryozoa,  are  superior  to  them  in  this 
particular;  for  the  whole  sinus-system  through  which  the  blood  is  carried, 
not  merely  to  the  body  generally,  but  also  to  the  respiratory  organs,  is 
but  a  prolongation  of  this  cavity,  with  which  it  remains  in  the  freest 
communication ;  and  the  heart  is  but  a  portion  of  one  of  these  sinuses, 
partially  or  completely  surrounded  by  a  muscular  envelope.  This  state 
has  its  parallel  among  the  Articulata,  in  the  condition  of  the  cu'cvilatmg 
system  of  many  Insect-larvse,  as  also  in  that  of  many  Entomostracous  Cins- 
taceans,  and  perhaps  in  some  of  the  lower  forms  of  Ai-achnida.  Proceed- 
ing higher,  however,  we  find  the  heart  becoming  more  and  more  musculai-, 
and  the  arteries  that  proceed  from  it  acquiring  distinct  parietes;  the 
blood  which  has  been  distributed  by  these,  however,  becomes  dispei-sed 
through  the  lacunse  between  the  tissues  and  organs ;  and  before  retunnng 
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to  the  heart,  it  passes  into  the  visceral  cavity,  which  may  itself  be  so 
contracted,  as  to  present  the  semblance  of  a  large  venous  sinus.  Through- 
out the  Invertebratecl  series,  with  two  exceptions  wliich  are  perhaps 
rather  apparent  than  real,  we  may  trace  this  connection  of  the  Cii-culating 
system  with  the  'general  cavity  of  the  body;'  and  it  is  only  among  the 
Vei-tebrata  (with  these  exceptions)  that  we  find  the  sanguiferous  system 
forming  a  completely  closed  cui-rent.  The  only  trace  that  seems  to 
remain  in  that  series,  of  the  lacunar  circulation  so  universal  in  the  infe- 
rior classes,  is  at  the  commencement  of  the  Lymphatic  system  of  Absor- 
bents ;  which  seem  to  take  up,  for  return  into  the  circulating  current,  the 
sm-plus  of  such  nutritious  fluid  as  may  have  escaped  from  the  capillaries 
into  the  interstices  of  the  tissues  (§192).* 

215.  The  only  class  among  the  Radiata  in  which  a  proper  Circulation 
of  nutrient  fluid  takes  place,  is  that  of  Echinodermata ;  but  the  true 
nature  of  this  circulation  is  far  from  being  entirely  understood.  It  seems 
unquestionable,  from  the  recent  investigations  of  M.  de  Quatrefages  (op. 
cit.)  and  Dr.  T.  Williams  (op.  cit.),  that  a  very  important,  if  not  the 
principal  part,  in  the  distribution  of  the  nutritive  materials  that  have 
ti-ansuded  through  the  walls  of  the  digestive  cavity,  is  here  jDerformed  by 
the  movement  of  the  '  chylaqueous  fluid,'  which  is  the  product  of  that 
transudation,  through  the  'general  cavity  of  the  body;'  this  movement 
being  kept-up  by  the  vibration  of  the  cilia  which  clothe  its  lining  mem- 
brane. And  it  is  further  remarkable  that  the  principal  provisions  for 
aeration  which  we  meet- with  in  this  class,  are  applied  to  the  '  chylaqueous 
fluid'  of  the  general  cavity,  rather  than  to  the  fluid  (blood?)  contained 
within  the  more  special  vascular  system  (§  284). — The  existence  of  a 
system  of  vessels  apparently  sanguiferous,  in  some  of  the  principal  types 
of  the  gi'oup,  has  long  been  known ;  but  many  points  relating  to  its 
minute  distribution,  as  well  as  in  regard  to  its  functions,  yet  remain  to 
be  elucidated.  In  particular,  it  is  a  point  of  gi-eat  interest  to  determine 
whether  or  not  it  commimicates  in  any  part  of  its  course  Avith  the 
'general  cavity  of  the  body,'  as  the  analogy  of  Invertebrated  animals 
generally  would  lead  us  to  expect,  if  its  function  be  really  the  circulation 
of  nutritive  fluid ;  for  it  can  hardly  be  thought  probable,  that  even  in  the 
most  elevated  forms  of  the  Radiated  sub-kingdom,  the  special  circulating 
apparatus  (which  is  not  found  to  exist  in  any  group  of  animals  below 
them)  should  at  once  attain  a  character  of  the  highest  elevation,  in  such  a 
complete  '  closm-e'  as  is  not  presented  even  by  the  most  elevated  MoUusca 
or  Articulata.  The  recent  observations  of  Miiller  and  Leydig  appear  to 
show  that  such  communications  do  exist ;  and  the  observations  of  Dr.  T. 
Williams  upon  the  identity,  alike  chemical  and  morphological,  between 
the  chylaqueous  fluid  and  the  contents  of  the  vascular  system,  are  to  the 
same  purpose.  If,  too,  as  is  also  affirmed  by  Dr.  T.  Williams,  the  vascular 
trunks  are  lined  with  cilia,  and  their  contained  fluid  is  propelled  by 
ciliary  agency,  a  very  strong  case  will  be  undoubtedly  made  out  in  favour 
of  the  doctrine,  that  the  vascular  system  which  has  been  supposed  to  be 

_  *  See  the  admirable  Memoir  of  Prof.  Milne-Edwards,  '  Observations  sur  la  Circulation  ' 
n    .^"°-/le9Sci.  Nat.,"  3°  Ser.,  Zool.,  Tom.  iii.  ;  that  of  M.  de  Quatrefages  'Sur  In, 
Gavite  Generale  du  Corps  des  Invertcbres, '  Op.  cit.,  Tom.  xiv.  ;  and  that  of  Dr  T 
LP"  *®  Blood-proper  and  Chylaqueous  Fluid  of  Invertebrated  Animals  '  in 
"Philos.  Transact."  1852. 
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'  closed'  in  this  class,  is  either  a  diverticulum  from  the  general  cavity  of 
the  body,  as  in  other  Invertebrata,  or,  like  the  supposed  sanguiferous 
system  of  Annelida  (§  219),  is  a  peculiar  form  of  the  Water- vascular 
system. — Both  as  to  the  arrangement  of  this  system,  and  as  to  its 
degree  of  development,  a  considerable  difference  seems  to  exist  among 
the  principal  sections  of  the  class. 

216.  In  the  Asterias,  in  which  the  digestive  cavity  is  prolonged  into 
the  '  rays'  or  lobes  of  the  body  (Fig.  37),  a  '  mesenteric'  trunk  is  found  lying 
on  the  surface  of  each  of  the  radial  caeca;  and  the  several  trunks,  con- 
verging from  the  rays  to  the  central  disk,  imite  with  other  branches 
from  the  stomach,  to  foi-m  a  circle  or  vascular  ring  around  the  upper  part 
of  the  disk.    This  is  connected  with  a  similar  ling  suri'ounding  the  en- 
trance to  the  stomach  on  the  lower  surface,  by  means  of  a  vertical 
descending  vessel,  which  Tiedemann  found  to  possess  muscular  irritability, 
and  regarded  as  the  rudiment  of  a  heart ;  whilst,  from  the  lower  ring,  other 
vessels  proceed  which  are  distributed  through  the  disk  and  rays.  No 
capillary  network,  however,  nor  even  any  system  of  minute  ramifications, 
has  yet  been  ti'aced  in  continuity  with  these  trunks. — In  the  Echinus, 
two  vascular  trunks  are  found  to  run  along  the  intestine,  one  of  which  is 
supposed  to  be  venous,  the  other  arterial.  The  supposed  mesenteric  vein 
passes  towards  the  oral  orifice,  where  it-  terminates  in.  a  vascular  ring, 
with  which  is  connected  a  contractile  vesicle,  resembling  that  of  Holo- 
thuria  (Fig.  40,  p),  but  of  more  prolonged  form.    From  this  oral  ring 
are  given-off  five  vessels  which  supply  the  parts  connected  with  the 
mouth,  five  trunks  which  pass  along  the  ambulacral  regions  in  the  mem- 
brane lining  the  general  cavity  of  the  body,  and  another  trimk,  appa- 
rently arterial,  which  runs  along  the  border  of  the  intestinal  tube.  The 
ambulacral  trunks  converge  again  towards  a  vascular  ring  that  surrounds 
the  anus ;  whence  also  are  given  off  trunks  for  the  supjjly  of  the  ova- 
ries.— In  the  Holotlmria,   the  vascular  system  attains   a  far  higher 
degree  of  development;  for  the  trunks  subdivide  into  ramifications  of 
greater  minuteness,  and  the  fluid  they  contain  is  therefore  more  exten- 
sively distributed.    The  same  general  plan  may  be  traced,  as  in  the  pre- 
ceding cases ;  but  with  variations  which  seem  to  have  reference  to  the  more 
special  development  of  the  respiratory  apparatus  in  this  order,  as  well  as 
to  its  transitional  character.    The  intestinal  system  of  vessels  consists  of 
a  lono-  trunk,  doubled  on  itself,  which  passes  along  the  exterrtal  margin 
of  the  intestine  (Fig.  40,  v  e),  and  which  ramifies  minutely  upon  its 
surface ;  its  two  inflexions  being  directly  connected  by  the  anastomotic 
branch  va,v  a'.    The  ramifications  of  this  trunk,  along  the  upper  part 
of  the  intestine,  seem  to  terminate  directly  in  those  of  the  internal  iates- 
tinal  vessel  vi;  but  those  of  the  middle  part  of  the  alimentaiy  canal  are 
continuous  with  those  of  the  mesenteric  trunk  vm;  whilst  between  this 
last  trunk  and  the  internal  intestinal  trunk,  is  a  series  of  minute  plexuses 
V  r.    The  course  of  the  blood  through  this  system  of  vessels  has  not  been 
positively  determined ;  but  it  would  seem  probable  that  one  of  the  intes- 
tinal trunks  is  venous  and  the  other  arterial,  and  that  the  minute  distri- 
bution of  the  blood-vessels  upon  the  walls  of  the  intestinal  canal  has 
reference  to  the  introduction  of  fresh  nutritive  materials  into  the 
sanguiferous  circulation;  whilst  it  can  scai-cely  be  doubted  that  the 
mesenteric  plexus  is  subservient  to  respii-ation,  though  it  does  not  come 
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into  immediate  relation  with  tlie  '  respiratory  trees'  (§  284).  Besides 
this  system  of  vessels,  there  is  another,  consisting  of  an  annular 
trunk  {va),  which  surrounds  the  mouth  (as  in  Echinus),  and  sends  off_ 
branches  to  the  buccal  apparatus  and  to  the  tentacula  (<),  as  also  to  a  set  of 
tegumentary  vessels  {vl,  vl'),  which  supply  the  general  suiface.  In  con- 
nection with  the  oisophageal  collar  is  found  a  saccular  dilatation  {p), 
which  seems  to  represent  the  pulsatile  vessel  of  the  Echinus;  but  whether 
it  possesses  a  similar  contractile  power,  is  not  known.  The  connection  of 
this  set  of  vessels  with  the  preceding  has  not  yet  been  made  out. 

217.  Th.Q  Articulated  classes  are  usually  regarded  as  inferior  to  the 
Mollusca  in  the  evolution  of  their  circulating  apparatus ;  and  it  certainly 
never  presents  the  same  concentrated  condition  in  the  former  group,  as 
in  the  latter.  There  are  some  extensive  gi-oups  in  this  sub-kingdom,  as 
ah-eady  remarked  (§  212),  in  which  there  does  not  appear  to  be  any  other 
circulation  than  such  as  may  take  place  in  the  '  general  cavity  of  the 
body;'  the  fluid  in  its  lacunse  being  continually  put  in  motion  by  the 
movements  of  the  animal,  and  being  thus  driven  from  one  j^art  of  the 
body  into  another.  Amongst  the  lowest  Articulated  animals  which  have 
been  until  recently  supposed  to  possess  a  proper  blood- vascular  system,  this 
can  no  longer  be  regarded  in  its  former  light ;  and  we  shall  see  that  even  in 
the  case  of  the  Annelida,  a  considerable  modification  of  previous  views  may 
not  improbably  be  required.  Where  a  Sanguiferous  system  unquestionably 
exists,  it  appears  to  be  constantly  formed  upon  the  following  plan.  A 
vascular  trunk  passes  along  the  dorsal  region,  in  which  the  blood  passes 
from  behind  forwards,  being  propelled  by  the  contractions  of  its  walls ; 
this  trunk,  in  its  typical  development,  is  divided  by  transverse  valvu- 
lar partitions  into  as  many  chambers  as  there  are  segments  of  the  body; 
and  by  the  successive  contractions  of  the  walls  of  these  chambers,  the 
circulating  fluid,  which  enters  at  the  posterior  extremity  of  this  '  dorsal 
vessel,'  or  which  is  received  into  it  at  any  portion  of  its  length,  is  pro- 
pelled forwards  through  a  principal  trunk  which  is  continuous  with  its 
anterior  extremity,  as  well  as  through  smaller  vessels  proceeding  from 
the  chambers  to  their  own  segments.  This  arrangement,  however,  is 
seldom  completely  carried-out.  For  in  the  lowest  forms  of  this  '  dorsal 
vessel,'  although  it  is  distinctly  contractile  through  its  whole  length, 
there  is  no  division  into  chambers ;  whilst  in  the  highest,  a  considerable 
portion  of  it  is  destitute  of  propulsive  power,  only  a  few  chambers,  or 
even  but  a  single  one,  being  endowed  with  muscular  contractility.  The 
blood  propelled  foi-wards  and  distributed  by  the  (iorsa^  vessel,  is  collected 
and  returned  to  the  posterior  part  of  the  body  by  a  ventral  trunk. — As 
in  most  other  parts  of  the  nutritive  apparatus  of  this  group,  it  may  be 
observed  that  a  very  exact  bi-lateral  symmetry  prevails,  alike  in  the 
central  organs,  and  in  the  peripheral  distribution  of  the  blood-vessels. 

218.  A  large  share  in  the  distribution  of  nutritive  materials  through 
the  system  of  the  Annelida,  is  undoubtedly  taken  by  the  '  general  cavity 
of  the  body;'  which  not  only  surrounds  the  alimentary  canal  throughout 
its  whole  length,  but  also  sends  prolongations  into  the  greater  number  of 
the  appendages  that  are  given  off;  as  well  from  the  head,  as  from  the 
trunk.  The  fluid  contained  in  this  cavity  is  richly  corpusculated  and 
coagulablc;  and  it  is  kept  in  continual  movement  by  the  contractions 
and  extensions  of  the  diff"erent  segments  of  the  body,  which  most  of  these 
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animals  ai'e  incessantly  performing.  The  visceral  portion  of  the  cavity 
is  sometimes  almost  completely  divided  by  transverse  inflections  of  its 
lining  membrane,  into  segmental  chambers;  but  these  always  communi- 
cate with  each  other  more  or  less  freely,  so  that  there  is  a  continuous 
passage  for  their  contained  fluid  from  one  part  of  the  body  to  another. 
This  fluid,  when  seen  in  motion  within  the  cirrhi  and  other  ajspeudages 
into  which  it  freely  passes,  has  been  usually  considered  as  blood;  but  it 
is  obviously  to  be  regarded  in  the  same  light  as  the  '  chylaqueous  fluid'  of 
inferior  animals ;  yet  when  its  composition,  the  universality  of  its  dif- 
fusion, and  the  obvious  provisions  for  its  aeration,  are  together  taken  into 
account,  it  seems  impossible  to  resist  the  inference,  that  it  is  scarcely  less 
essentially  subservient  to  the  nutrition  of  the  fabric,  than  is  the  blood  of 
higher  animals.  In  certain  degraded  Annelida,  indeed,  no  vascular 
system  exists ;  and  it  is  obvious  that  the  movement  of  the  chylaqueous 
fluid  thi'ough  the  visceral  cavity  and  its  prolongations  must  there  be  the 
sole  representative  of  the  circulation.* 

219.  In  by  far  the  greater  number  of  animals  belonging  to  this  class, 
however,  there  is  a  vascular  system  of  very  remarkable  character ;  con- 
sisting of  a  set  of  trunks  and  vessels,  usvially  famished  with  a  multiplicity 
of  organs  of  impulsion,  and  subdividing  into  ramifications  of  great  minute- 
ness. The  extent  and  mode  of  distribution  of  this  vascular  system  differ 
greatly  in  the  several  sections  of  the  class;  but  they  obviously  have 
reference  in  great  degr-ee  to  the  amount  of  specialization,  and  to  the  mode  of 
arrangement,  of  the  Respiratoiy  apparatus.  The  fluid  which  they  contain 
is  usually  coloured,  being  very  commonly  red,  sometimes  green,  more 
rarely  of  a  yellowish  or  brownish  hue,  and  occasionally  colomiessj  but  it 
seldom,  or  never  contcdns  corpmcles ;  and  in  this  respect,  therefore,  it 
departs  so  widely  from  the  usual  character  of  a  nutritive  fluid,  as  to  sug- 
gest a  strong  doubt  whether  it  be  truly  blood,  and  whether  the  vessels 
which  contain  it  ought  to  be  regarded  as  the  representatives  of  the  sangui- 
ferous system  of  higher  animals.  This  doubt  derives  additional  force  from 
the  greater  degree  of  resemblance  which  this  vascular  system  of  Annelida 
bears  to  the  '  aquiferous  system'  of  the  Trematoid  Entozoa  (§  286),  the 
Nemertine  Worms,  &c.  (the  connection  between  the  two  being  established 
by  the  Leech  and  its  allies),  than  to  the  typical  form  of  the  sanguiferous 
system  of  the  Articulated  sub-kingdom  as  it  exists  in  Myiiapoda;  and 
from  the  very  anomalous  character  which  it  would  present,  if  really  sang|iu- 
ferous,  in  being  the  only  known  example  in  the  whole  Invertebrated  series, 
of  a  blood-vascular  system  not  communicating  freely  with  the  general 
cavity  of  the  body.  It  seems  far  from  improbable,  however,  that  the  func- 
tion of  this  apparatus  is  essentially  respiratoiy ;  and  that  it  may  perform 
the  function  of  the  sanguiferous  system  in  distributing  a  highly  aerated 
fluid  through  the  body  for  the  oxygenation  of  its  tissues,  whilst  the  move- 
ment of  the  chylaqueous  fluid  thi'ough  the  general  cavity  answers  the 
purposes  of  nutrition,  t 

*  Seethe  Memoirs  of  M.  de  Quatrefages  and  of  Dr.  Williams  already  cited ;  and  the 
'  Etudes  sur  les  Types  inferieurs  de  I'Embranchement  des  Anneles,  by  the  former  ot  tnese 
observers,  in  the  "Ann.  des  Sci.  Nat.,"     Ser.,  Zool.,  Tom  xiv. 

+  The  question  above  stated  with  regard  to  the  real  nature  of  the  vascular  system  m  the 
Annelida,  was  first  suggested  to  the  Author  by  his  fnend  Mr.  T.  H.  Huxley  whose 
doubts  on  this  point  appear  to  him  fully  justified  by  the  evidence  which  will  f  ^  adduced 
hereafter,  in  regard  to  the  '  water-vascular  system'  of  the  Entozoa  and  their  alhes.  iherc 
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220  In  the  Leech  and  its  allies,  which  constitute  the  cUvision  of  tHs 
class  tiiat  is  most  nearly  allied  to  the  inferior  Annulosa,  four  principal 
lon<ntudinal  trunks  maybe  distinguished;  namely,  a  dorsal  a  ventral, 
and°two  lateral.  The  lateral  tranks  alone  seem  to  be  endowed  with  pro- 
pulsive power;  and  they  appear  to  contract  and  dilate  alternately  with 
each  other  They  send  off  branches  which  form  a  plexus  underneath  the 
skin:  and  this  distribution  of  the  circulating  fluid  seems  to  have  reference 
chiefly  to  its  aeration,  there  being  no  more  special  provision  for  that 
piu-pose.  The  lateral  tranks  communicate  freely  with  each  other  by 
transverse  arches,  into  which  a  continual  stream  of  blood  is  poui-ed  by 
the  contraction  of  one  or  other  of  them ;  and  this  is  distributed,  by  vessels 
proceeding  from  the  arches,  to  the  intestinal  canal,  the  generative  organs, 
and  also  to  a  set  of  looped  vessels  which  proceed  to  a  row  of  sacculi  on 
each  side  of  the  body,  that  have  been  variously  regarded  as  respiratory 
organs,  as  muciparous  follicles,  and  as  representing  the  '  water-vascular' 
system,— the  latter  view  being  probably  the  correct  one  (§  286).  From 
these  various  parts  it  is  conveyed  to  the  cutaneous  plexus,  chiefly  through 
the  two  median  (dorsal  and  ventral)  trunks;  and  in  this  plexus  it  seems 
to  execute  an  oscillatory  movement  from  one  side  to  the  other,  by  the 
alternating  impulses  of  the  lateral  trunks,  into  one  or  other  of  which  it 
will  at  last  find  its  way,  to  recommence  its  movement  through  the  body 
generally.* 

221.  In  the  i^/^ica?  Annelida,  the  most  constant  parts  of  this  apparatus 
are  the  dorsal  and  ventral  trunks;  the  lateral  vessels,  however,  often 
exist,  although  they  are  seldom  of  the  same  relative  importance  as  in 
the  Suctoria;  and  the  dorsal  and  ventral  trunks  are  themselves  some- 
times double  along  a  pai-t  or  the  whole  of  their  course,  running  on  the 
two  sides  of  the  median  line,  or  at  a  little  distance  from  it,  like  the  longitu- 
dinal vessels  in  the  Entozoa  (Fig.  136).  Moreover,  we  generally  find  special 
contractile  dilatations  on  some  part  of  the  vascular  system;  sometimes  only 
a  single  one  exists;  but  more  commonly  they  are  greatly  multiplied. 
Our  acquaintance  with  the  circulation  in  this  group,  has  chiefly  resulted 
from  the  skilful  observations  of  MM.  Milne-Edwards  and  De  Quatre- 
fages.t — In  the  Terehella,  whose  gills  are  arborescent,  and  situated  round 
the  head  (Fig.  113,  k,  k),  there  lies  in  the  anterior  part  of  the  body,  on  the 
dorsal  aspect,  a  large  trunk  (l),  which  receives  at  its  posterior  extremity, 

are,  it  is  true,  some  very  cogent  objections  against  ranking  the  vascular  system  of  the 
Annelida  in  the  same  category ;  and  more  especially,  the  apparent  absence  of  any  such 
external  opening,  in  the  neighbourhood  of  the  anus  or  ekewhere,  as  is  presented  by  all  the 
ordinary  forms  of  the  water-vascular  system.  But  it  is  by  no  means  certain  that  such 
communications  do  not  sometimes  exist  in  the  Annelida ;  and  there  are  undoubted  examples 
among  the  Entozoa,  of  vessels  which  must  be  ranked  as  belonging  to  the  water-vascular 
system,  though  destitute  of  any  external  orifice. — The  Author  has  thought  the  expression 
of  these  doubts  to  be  called-for  by  the  present  state  of  the  enquiry,  which  f ui-ther  research 
wUl  probably  soon  elucidate ;  but  he  has  not  felt  justified  in  venturing  upon  so  bold  a  step 
as  the  removal  of  the  supposed  sanguiferous  system  of  Annelida  out  of  the  category  of  the 
Circulating  Apparatus,  although  he  has  felt  no  hesitation  as  to  this  step  in  the  case  of  the 
lower  Annulose  animals. 

*  This  description,  which  differs  from  that  of  M.  Duges,  who  first  described  the  circula- 
tion in  the  Hirudunidfe,  is  given  on  the  authority  of  M.  Gratiolet  "Ann.  des  Sci.  Nat.," 
3°  Ser.,  Zool.,  Tom.  xiv.,  p.  189. 

t  See  the  elaborate  Mernoii-  of  the  former  in  the  "Ann.  dos  Sci.  Nat.'"  2«  Ser.,  Zool., 
Tom.  x.  :  and  the  rimmiS  of  the  researches  of  the  latter  already  referred  to. 
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from  a  venous  sinus  (n)  surrounding  the  ojsophagus,  the  contents  of  an 
extensive  vasculai-  plexus,  that  has  ramified  on  the  walls  of  the  intestine, 


Pig.  113. 


Fio,  114. 


Circulating  Apparatus  of  Terehella  con- 
chilega:—a,  labial  ring;  b,h,  tentacula;_ 
c,  fii-st  segment  of  the  trunk ;  (/,  slrin  ol 
tlie  back ;  e,  pharynx ;  /,  intestine ;  g,  lon- 
gitudinal muscles  of  the  inferior  surface 
of  the  body;  h,  glandular  organ  (liver?); 
i,  organs  of  generation ;  j,  feet ;  k,  k,  bran- 
ohiie ;  I,  dorsal  vessel  acting  as  a  respira- 
tory heart;  m,  dorso-intestinal  vessel; 
n,  venous  sinus  surrounding  cesophagus; 

inferior  intestinal  vessel ;  o,  o,  ventral 
trunk;  p,  lateral  vascular  branches. 


Circulating  apparatus  of 
Eunice  aangniiiea:  —  a,  h,  c,  an- 
tennie ;  e,  first  segment  of  the 
body;  /,  feet;  g,  pharynx; 
g',  mandibular  muscles ;  i,  intes- 
tine; J',  dorsal  vessel;  /.superior 
intestinal  vessels ;  s,  their  wteral 
branches;  ventral  vessel;  <,  its 
lateral  branches ;  f,  contractile 
bulbs  on  these  branches;  v, 
branchice ;  x,  subcutaneous  ves- 
sels of  the  back. 


and  on  the  muscles,  integuments,  &c.  This  trunk,  or  dorsal  vessel, 
propels  forwards  the  blood,  which  it  receives  from  behind,  by  irregulai- 
contractions.  At  its  anterior  extremity  it  subdivides  into  numerous 
branches,  of  which  the  principal  enter  the  respiratory  organs  {k,  k),  whilst 
others  pass  to  the  head  and  ten  taenia  (6,  b);  so  that  a  lai'ge  proportion 
of  the  blood  is  aerated,  before  it  is  again  circulated  thi'ough  the  system. 
The  vessels  that  return  it  from  the  gills  reimite  into  a  triuik  (o,  o),  which 
passes  down  the  ventral  surface  of  the  body,  giving  off  a  paii-  of  trans- 
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verse  vessels  to  each  segment,  and  then  returning  along  the  inferior  side 
of  the  intestine  {n');  this  trunk  is  of  com-se  to  be  regarded  m  the  light 
of  an  artery.  The  blood  is  conveyed  back  into  the  venous  sinus  both 
from  the  intestine  and  from  the  parietes  of  the  body,  by  the  dorso- 
intestinal  vessels  (-«.),  which  must  be  considered  aa  vems.  The  pro- 
pulsion of  blood  into  the  gills  seems  principally  due  to  the  contractions 
of  the  doi-sal  vessel,  which  may  here  be  regarded  as  a  sort  of  respiratory 
heart;  but  its  motion  through  the  arterial  trunk  would  appear  to  be 
partly  owing  to  contractions  of  the  gills  themselves,  which  are  occa- 
sionally seen  to  take  place.  The  irregularity  of  these,  however  requires 
some  supplemental  force,  suoh  as  that  which  has  been  already  described 
in  the  inferior  tribes,  for  the  maintenance  of  a  steady  current;  and  there 
are  many  allied  species,  in  which  the  blood  circulates  no  less  energetically, 
mthout  any  such  evident  propelling  agents. 

222.  In  the  Ewnice  (Fig.  114)  we  find  the  same  general  distribution 
of  vessels,  but  there  is  an  important  change  in  the  position  in  the  respira- 
tory organs,  which  involves  a  complete  alteration  in  the  character  of  the 
different  parts  of  the  system.  The  branchial  organs  {u)  are  not  concen- 
trated round  the  head,  but  are  disposed  in  '  combs'  along  the  whole  body. 
The  dorsal  trunk  (l!)  receives  from  the  dorso-intestinal  vessels  (l),  as  in 
the  former  case,  the  blood  which  has  ramified  on  the  intestines ;  but  this 
fluid,  as  will  presently  appear,  is  as  much  arterial  as  venous.  The  con- 
tractions of  this  trunk  are  not  so  regular  and  powerful  as  in  the  Tere- 
bella,  and  seem  to  be  but  little  concerned  in  maintaining  the  circulation. 
The  vessels  into  which  it  divides  anteriorly,  are  distributed  only  to  the 
head  and  neighbouring  parts ;  and,  by  the  reunion  of  the  vessels  which 
return  the  blood  so  distributed,  the  ventral  trunk  (cj)  is  formed,  which 
here  possesses  a  venous  character.  The  general  distribution  of  its  ramifi- 
cations is  very  similar  to  that  described  in  the  Terebella,  except  that 
it  transmits  blood  to  the  branchise  as  well  as  to  the  general  system ;  but 
each  transverse  branch  (t)  presents  a  dilatation  or  bulb  {f)  near  its 
origin,  which  seems  to  propel  the  blood  that  enters  it,  by  regular  con- 
tractions, partly  through  the  pectinated  branchiaa,  and  partly  upon  the 
intestines,  cutaneous  surface,  muscles,  &c.,  after  permeating  which  it  re- 
enters the  dorsal  vessel.  This  multiplication  of  blood-propelling  organs 
is  very  interesting,  when  viewed  in  reference  to  the  general  tendency 
to  repetition  of  parts  manifested  in  this  class.  It  is  found  that,  in  the 
Annelida  which  possess  it,  the  Adtality  of  portions  of  the  body  is  preserved 
during  a  veiy  long  time  after  the  subdivision  of  the  animal.  In  higher 
tribes,  however,  this  multiplication  is  restricted  to  a  particular  division 
of  the  body,  as  will  be  presently  seen  in  the  Earth-worm. 

223.  In  the  Arenicola  (Fig.  115)  we  observe  another  interesting  variety 
in  the  arrangement  of  the  vascular  system,  which  partly  resembles  the 
forms  already  noticed,  and  partly  conducts  us  to  others  which  would  at  first 
sight  appear  entirely  different.  The  dorsal  vessel  (o,  o)  traverses  almost 
the  entire  length  of  the  body  posteriorly,  and  it  receives,  as  before,  the  blood 
which  has  circulated  on  the  intestine  and  external  surface,  as  well  as  some 
directly  transmitted  by  the  branchise.  It  terminates,  however,  at  about  the 
anterior  fourth  of  the  body,  in  a  kind  of  contractile  ventricle  {n),  which 
answers  the  piu-pose  of  a  heart ;  but  it  first  sends  forward  branches  (.r) 
to  the  head,  the  vessels  returning  from  which  enter  the  ventral  ti'unk  {t) 


234 


OF  THE  CIRCULATION  OF  NUTRITIVE  FLUID. 


that  passoH  backwards  from  tlie  propelling  cavity.    The  branches  of  this 

trunk  are  almost  entirely 


Fio.  115. 


-a 


m 


distributed  to  the  giUs 
(j} — i^^);  and  the  blood 
which  is  returned  from 
them,  is  partly  transmit- 
ted to  the  intestine  by  the 
lateral  intestinal  vessels 
(p),  partly  to  the  integu- 
ments, and  partly  to  the 
dorsal  vessel  direct.  The 
branchiae  here,  as  in  the 
Terebella,  seem  to  exert 
a  direct  propelling  power 
on  the  blood  which  passes 
through  them. — In  the 
Lmnhricus  or  '  Earth- 
worm,' again,  we  find  the 
dorsal  vessel  communi- 
cating with  the  ventral 
trunk,  not  by  one  con- 
tractile cavity  at  its 
anterior  extremity,  but 
by  several  loop-like  di- 
lated canals,  which  seem 
to  exercise  a  similar 
propelling  agency.  The 
waves  of  blood  can  be 
distinctly  seen,  if  the  ani- 
mal be  kept  without  food 
for  a  time,  until  it  has 
discharged  the  black 
earth  which  usually  fills 
its  intestinal  canal.  The 
blood  which  is  thus  for- 
cibly jiropelled  into  the 
ventral  trunk,  is  con- 


veyed backwards  along 
the  body,  and  distributed 
to  its  difierent  organs, 

Ciroulatmg  Apparatus  of  ^re»jcotooi«catoMW»,  aB  seen  from   ggpeciaUv  to    the  aqui- 
above  at  a  ancl  as  seen  from  the  side  at  n ;— a,  proboscis;       l  J  t,-  i,   +:i  „ 

rXrW  cTetractor  muscles  ;i,  dilated  oosopliagus,  or  crop;    ferOUS  tubeS  whlch  take 

e,  ca!cal  appendages;  /,  stomach;  g,  mtestme;  A,  muscular  i          £  reSpU'a- 

partitionssiWounding  the  abdominal  portion  of  the  digestive  "^^^1 

tube  •  ii  to  thirteen  pairs  of  branohise ;  j,  organs  of  genera-  tory  tracliese  01  mglier 
tion;'fc,  setiferous  tubercles  and  their  muscles;  I,  secreting  „•  l-.^pa+l^ina  Articulata' 
cajca  of  the  yellow  matter  exuded  from  the  skm  ;  m,  secretmg  air- Dreatning  ArtlClUAI,.!, 
C£eca  (biliary?)  surrounding  the  intestine  ;m,m,  heart  ;o,dorsa^  from  thcSO  it  IS  re- 
vessel ;  0',  abdominal  portion  of  the  vessel;  ^,  lateral  mtestmal  ,  ,  rlr.r<5nl  vpq- 
vessels  •  q  subcutaneous  vascular  network;  r,  branchial  arteries  turnfed  tO  tUC  OOrsai  VCS- 
.  andveilis;  s,  branchial  veins  returning  to  the  dorsal  vessel;  t  aeration  having 
t,  ventral  trunl^;         cutaneous  vessels;  a;,  lateral  pharyngeal  >-^^  <^  +i,^^„„l, 

vessels ;  e,  labial  vMcular  ring.  been  effected  througil  tJie 

medium  of  the  general 

surface.— The  great  extent  and  importance  of  the  ca23illm-y  system  in  the 
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Aunelick  compared  with  tlic  feebleness  of  the  central  propelling  powers, 
is  an  interesting  feature  in  the  character  of  their  vascular  apparatus,  and 
shows  that  wo  have  not  yet  arrived  at  a  condition  of  the  circulating 
system  very  far  removed  from  that  which  it  presents  m  Plants. 

224  In  the  higher  Articulata,  the  Circulating  apparatus,  instead  ot 
heincf  distinctly  cUfFerentiated  from  the  '  general  cavity  of  the  body,  as 
it  seems  to  be  in  the  Annelida,  is  always  in  intimate  connection  with 
it    Through  the  whole  series  of  Myi-iapods,  Insects,  Crustacea,  and 
Arachnida,  the  'blood'  and  the  'fluid  of  the  general  cavity  are  iden- 
tical •  for  the  former,  in  some  part  of  its  circulation,  escapes  into  the 
lacuniB  between  the  tissues,  and  is  cUffused  through  the  interior  of  the 
peritoneal  and  pericardiac  sacs.    And  in  the  embryonic  condition  ol 
these  animals,  as  in  certain  degraded  forms,  the  development  of  whose 
circulating  system  is  permanently  arrested  at  the  same  point  (§  231), 
there  is  no  other  circulation  than  the  movement  of  chylaqueous  fluid  to 
and  fro  within  the  visceral  cavity. — In  the  Vascular  system  of  the  Myria- 
jjoda,  as  in  other  parts  of  their  structure,  we  meet  with  the  condition 
which  may  be  regarded  as  typical  of  the  Articulated  series ;  for  this  class 
presents  the  full  evolution  of  that  multiple  heart,  which  is  developed  (so 
to  speak)  out  of  the  principal  dorsal  trunk  usually  found  in  the  lower 
Articulata;  whilst  it  also  exhibits  that  uniformity  in  its  structure,  and 
in  the  distribution  of  the  vessels  proceeding  from  it,  which  are  obscured 
in  the  higher  Articulata  by  the  unequal  development  of  the  successive 
segments,  and  by  the  specialization  of  particular  organs.    This  change  of 
type,  however,  is  by  no  means  abrupt.    It  appears  from  the  researches 
of  Mr.  Newport,*  to  whom  we  owe  the  greater  part  of  our  knowledge  of 
the  vascular  system  of  this  class,  that  in  the  IvlidcB,  which  form  the  con- 
necting link  between  the  Myriapods  and  the  higher  Annelida,  the  walls 
of  the  dorsal  vessel  are  very  thin,  and  the  valvular  constrictions  between 
its  successive  segments,  which  are  formed  by  reduplications  of  the  mus- 
cular tunics,  are  by  no  means  complete ;  further,  the  number  of  these 
chambers,  which  corresponds  with  that  of  the  movable  segments  of  the 
body,  is  very  large,  being  no  less  in  one  genus  than  seventy-five.  A 
greater  multiplication  even  than  this,  is  seen  at  an  early  period  in  the 
life  of  the  lulidas ;  for  each  of  their  movable  segments,  to  which  two 
paii-s  of  legs  are  attached,  is  formed  by  the  coalescence  of  two  original 
segments ;  and  every  one  of  the  latter  at  first  possesses  its  own  subdivi- 
sion of  the  dorsal  trunk,  the  indications  of  which  are  seen,  even  in  the 
adult  animal,  in  the  duplication  of  the  cardiac  muscles  and  of  the  arteiial 
trunks  on  each  side,  whilst  the  cavities  have  completely  coalesced.  It 
has  been  observed  by  Mr.  Newport  and  Dr.  T.  Williams,  that  in  the 
larva  of  lulus,  the  visceral  cavity  contains  a  corpusculated  fluid;  and 
this  fluid  may  be  seen  to  perform  an  oscillatory  movement,  some  days 
before  the  piilsations  of  the  dorsal  vessel  can  be  detected,  and  before  the 
tracheal  system  is  developed. — In  some  of  the  Geophilidce,  the  number  of 
distinct  chambers  is  even  greater  than  in  the  lulidse,  being  no  fewer 
than  a  hundred  and  sixty  in  one  species ;  but  the  whole  apparatus  pre- 
sents a  higher  type  of  structure. 


*  See  his  Memoir  '  On  tlie  Nervous  and  Circulatory  Systems  of  Myrlapoda  and 
Macrourous  Arachnida,'  in  "  Philos.  Transact.,"  1843. 
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Fio.  117. 


225.  In  the  ScohpendridcB,  on  the  other  hand,  the  number  of  chaui- 
bera  IS  reduced,  in  accordance  with  that  of  the  Regmeuts  of  the  body 
being  never  greater  than  twenty- 
one  (Fig.  116),  and  sometimes  as 
small  as  fifteen;  the  muscular 
portion  of  theii'  walls  is  much 
more  developed ;  and  the  valvu- 
lar partitions  which  isolate  the 
successive  segments  from  each 
other,  as  well  as  the  valves  which 
guard  the  orifices  of  the  vessels, 
are  much  more  complete  than 
in  the  lower  tribes.  The  an- 
terior and  posterior  portions  of 
this  dorsal  vessel,  and  the  parts 
in  immediate  connection  with 
it,  are  shown  in  Fig.  117;  in 
which  the  figures  i,  2,  indicate 
its  first  and  second  chambers, 
and  17,  18,  19,  20,  21,  those  of 
the  corresponding  segments  at 
the  opposite  extremity.  The 
walls  are  formed  of  two  layers 
of  muscular  fibres,  some  of  them 
annular  and  others  longitudinal ; 
and  similar  fibres  may  be  traced 
upon  the  principal  systemic  ar- 
teries. The  pui-pose  of  these 
fibres  is  obviously  to  produce 
contraction  of  the  chambers; 
their  dilatation  being  accom- 
plished by  the  bands  of  alar 
fibres,  f,  f,  which  extend  to  a 
considerable  distance  from  either 
side  of  the  dorsal  vessel,  and  are 
inserted  into  the  dermo-skeleton 
of  their  own  segment.  Each 
chamber  has  a  pair  of  apertures  guarded  by 
valves,  which  is  probably  for  the  entrance  of 
venous  blood;  but  the  source  from  which  they 

receive  it  has  not  been  clearly  made  out;  it  ^,  tteir  subdivisions,  some  of 
k  nroba,blv  however,  the  great  sinus  formed  by  them  inosculating  with  the  hepa- 

io  ^LKjua,ui.j ,  iivj.     'JO  1     xi,      1         1    tic  vessels 0;        aortic  arches; 

the  pericardial  sac  which  surrounds  tne  dorsal  median  trunk,  continued  from 
vessel.    From  each  chamber,  also,  a  pafr  of  sys-  tly^^rL^^tSl'  forTthe 

temic  arteries,  h,  h,  is  given  ofi",  which  are  espe-   ventral  trunk ;  «,  mandibular  ar- 

cially  distributed  to  the  organs  of  the  upper  side  aec^j,dary°^S'sr«*''%'Qterio^ 
of  their  own  segment,  but  inosculate  with  those  1^;^^^^Z^^mIm. 
of  other  segments.     From  the  most  anterior  dorsal  vessel, 
chamber  (i)  is  given  off  a  pair  of  large  arches,  _        ,      • , 

«  r,  2^  r,  which  encircle  the  oesophagus,  to  meet  again  upon  its  under-side 
in  the 'ventral  ti-unk,  xij;  but  it  also  sends  foi-wards  a  median  tnink 


Dorsal  vessel  of  Sco- 
lopendra,  composed  of 
twenty-one  segments, 
with  its  alar  fibres. 


Circulating  Apparatus  of  Seo- 
lopendra ; — A,  cephalic  segment ; 
B,  basilar  segment ;  c,  foot-jaws; 
1, 2, 3,  anterior  cardiac  chambers ; 
17,  18,  19,  20,  21,  cardiac  cham- 
bers of  the  posterior  extremity 
of  the  body;  a,  antennffi ;  6,  c, 
cephalic  ganglia ;  d,  eyes ;  e,  ex- 
tremity of  foot-jaws ;  f,  f,  alar 
muscles  \g,g,  valvular  partitions ; 
%,  h,  systemic  arteries ;  i,  k,  I, 
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o  that  gives  off  two  emaller  pairs  or  arches,  u,  v  which  in  like  manner, 
Seei  in  the  anterior  continuation  of  tlie  ventral^  trunk,  w.  From  the 
median  trunk  are  also  given  off  the  vessels  which  supply  the  cephahc 

ment  and  its  organs  of  sensation ;  the  lateral  branches,  s  t  which  supply 
he  mouth  and  its  appendages,  being  Wished  by  a  trunk  that  comes  off 
fi-om  the  principal  aortic  arch  on  each  side.   The  distribution  of  the  arte- 
rial branches  3f  the  dorsal  vessel  is  extremely  minute;  even  it  own 
parietes  being  furnished  with  distinct  nutrient  branches,  ...  _  The  ventral 
trunk,  wliich  Ues  upon  the  ganglionic  cord  and  is  principaUy  formed 
by  the  union  of  the  arches  that  surround  the  oesophagus,  may  be  re- 
garded as  representing  the  'aorta'  of  Yertebrated  animals;  it  is  of 
far-e  diameter  in  the  anterior  portion  of  the  body,  but  gives  off  a  pan: 
of  arterial  branches  in  each  segment;  but  at  its  posterior  extremity  it  is 
reduced  to   a  comparatively  smaU  size,  there  subdividmg  mto  two 
principal  branches,  which  supply  the  last  pair  of  legs.  The  branches  suc- 
cessively given  off  from  this  aortic  trunk  chiefly  proceed  to  the  muscles  of 
the  leo^s;  but  one  set  of  them  is  distributed  to  the  tracheae;  and  it  is 
worthy  of  note  that  the  tracheae  and  blood-vessels  are  mixed-up  together 
in  a  remarkably  iatricate  manner  in  the  peritoneal  membrane. — The 
course  of  the  blood  has  not  been  fuUy  made  out;  but  there  is  a  strong 
probability  from  analogy  that  the  venous  system  is  altogether  lacunar; 
and  that  the  blood  which  has  circulated  through  the  system,  together 
with  that  which  has  been  sent  to  the  tracheae  for  aeration,  finds  its  way 
to  the  great  pericardiac  sinus,  and  thence  re-enters  the  dorsal  vessel 
through  the  apertures  in  its  successive  chambers.    A  portion  of  this 
mixed  fluid  will  be  at  once  sent  outwards  by  the  contraction  of  each 
chamber,  into  the  arterial  trunks  proceeding  from  it ;  but  the  principal 
portion  will  be  transmitted  from  behind  forwards  by  the  peristaltic  action 
of  the  chambers,  those  of  the  anterior  segments  dilating  whilst  those  of 
the  posterior  contract;  and  thus  the  current  will  be  directed  through  the 
aortic  arches  into  the  ventral  trunk,  and  also  through  the  arterial 
branches  supplying  the  head.    Besides  the  dorsal  and  ventral  trunks,  we 
find  a  pair  of  lateral  trunks,  o,  which  are  specially  connected  with  the 
hepatic  organs ;  the  branches  of  these  inosculate  with  those  of  the  ventral 
trunk ;  but  in  what  way  the  blood  is  propelled  through  them  is  un- 
known.— ^In  the  family  of  Scutigeridai,  an  interesting  transition  is  pre- 
sented to  the  structure  which  the  dorsal  vessel  possesses  in  Insects ;  for 
every  alternate  chamber  is  much  smaller  and  shorter  than  the  one  before 
and  behind  it,  and  receives  very  little  blood  from  its  auricular  orifices,  so 
that,  the  total  number  of  chambers  being  sixteen,  the  number  of  the  prin- 
cipal chambers  is  no  more  than  eight ;  whilst  at  the  same  time,  the  whole 
organ  is  shorter  and  of  more  compact  form. 

226.  It  is  not  a  little  remarkable  that  Insects  should  have  been  long 
regarded  as  unpossessed,  of  a  proper  circulation;  the  peculiar  provision 
for  the  conveyance  of  air  through  the  interior  of  their  bodies  having 
been  supposed  to  render  the  movement  of  blood  unnecessary.  Such, 
however,  is  by  no  means  the  case ;  for  the  circulation  in  Insects  is  at 
least  as  active  as  it  is  in  other  Ai-ticulata ;  and  it  is  only  such  an  extra- 
ordinary rapidity  in  the  flow  of  blood,  as  would  have  been  required  by 
animals  of  such  wonderful  energy,  if  their  respiration  had  been  localised 
in  one  organ,  which  is  rendered  unnecessary  by  the  universal  diffusion 
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of  that  function.— We  find  in  Insects  iv  dorsal  vessel  (Pig.  57  a  a) 
tormed  upon  the  same  plan  m  that  of  Myriapocla;  but  the  division  into 
cliambers  is  restricted  to  the  abdonnnal  portion  of  the  body,  tlie  vessel 
being  continued  tln-ough  the  thorax  to  the  head,  as  a  simple  contractile 
trunk.  Ihua  it  happens  that  the  number  of  distinct  chambers  never 
exceeds  eight;  and  it  appears  that  in  many  Insects  it  is  even  less.  The 
musculai-  walls  of  these  chambers  are  considerably  developed,  and  their 
valvular  apparatus  is  very  complete.  The  dorsal  vessel  is  suiTounded,  as 
in  Myriapoda,  with  a  pericardial  sac,  in  which  blood  has  been  seen  to 
move;  this  may,  therefore,  be  regarded  as  a  venous  sinus,  from  which 
the  blood  is  received  into  the  several  chambers,  by  a  paii^  of  valvular 
orifices  within  each.  The  fluid  is  propelled  from  behind  forwards, 
through  the  successive  chambers;  and  is  then  driven  onwards  to  the 
head,  through  the  trunk  which  is  the  anterior  continuation  of  them. 
Several  branches  have  been  detected,  into  which  this  subdivides  for  the 
supply-  of  blood  to  the  parts  of  the  head :  but  no  pair  of  aortic  arches 
for  the  conveyance  of  blood  to  the  under  side  of  the  body,  has  yet  been 
made  out,  although  a  ventral  trunk  has  been  discovered  by  Mr.  ISTewiwrt, 
lying  upon  the  gangliated  nervous  column,  as  in  Myriapoda.  The  coui-se 
of  the  circulation  has  been  chiefly  watched  in  transparent  Larvse,  and 
in  Pupae  during  their  development;  and  it  has  appeared  as  if,  when 
the  currents  had  once  passed  out  of  the  dorsal  vessel,  they  made  then- 
way  rather  through  lacunae  among  the  tissues,  than  thi-ough  distinct 
vessels.  The  principal  stream  of  blood  from  before  backwards  does  not 
seem  to  flow  along  the  ventral  trunk,  but  through  two  lateral  passages 
which  lie  near  the  ventral  surface ;  and  it  is  fr^om  these  that  the  secon- 
dary currents  diverge,  which  pass  into  the  wings  and  legs,  and  then 
return  back  to  the  main  stream.  These  currents,  too,  seem  to  be  rather 
'  lacunar,'  than  restrained  by  distinct  parietes ;  but  it  is  probable  that 
the  walls  of  the  passages  may  be  more  complete  in  the  perfect  Insect. — 
The  mode  in  which  the  aeration  of  the  blood  is  provided-for  in  Insects, 
was  long  misapprehended;  but  from  the  enquiries  of  M.  Blanchard  it 
appears  that  the  tracheae  are  ensheathed,  even  to  their  minutest  ramifi- 
cations, by  prolongations  of  the  sanguiferous  canals,  and  that  the  blood 
is  therefore  aerated  wherever  the  tracheae  penetrate.*  This  view  is 
in  perfect  accordance  with  the  fact  long  since  observed  by  Mr.  Bower- 
bankt  and  others,  that  the  current  of  blood  in  the  '  nerves'  of  the  wings 
moves  in  a  space  which  completely  surrounds  the  tracheae. — So  far, 
then,  as  the  course  of  the  circulation  in  Insects  is  yet  known,  it  may  be 
probably  considered  to  be  as  follows.  The  blood  impelled  forwards 
by  the  dorsal  vessel,  is  transmitted  to  different  parts  of  the  body,  either 
by  distinct  vessels,  or  by  lacunae ;  after  passing  through  the  tissues,  it 

*  "Ann.  des  Sci.  Nat.,"  S^Ser.,  Zool.,  Tom.  ix.,  xii.  Such,  at  least,  api^eais  to  the 
Author  to  he  the  most  probable  interpretation  of  the  facts  ascertained  by  M.  Blanchard's  iu- 
jections,  taken  in  connection  with  those  observed  in  the  living  Animal. — The  statements  of 
M.  Blanchard  have  been  called  in  question  by  several  Anatomists,  more  especially  by  M. 
Jolly  (Op.  cit.  Tom.  xii.);  they  have  been  confirmed,  however,  by  others  (Op.  cit.,  Tom.  xv.) 
See  also  the  observations  of  Dr.  T.  WUliams  ("Ann.  of  Nat.  Hist.,"  Vol.  xiii.,  p.  194), 
who  states  that  those  minute  ramifications  of  the  trachea3,  in  which  the  spiral  fibre  dis- 
appears (§  302)  are  not  accompanied  by  blood-channels. 

t  "Entomological  Magazine,"  April,  1833,  and  October,  1836. 
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finds  its  way  by  imbibition  into  the  outer  elieaths  of  the  smaller  tracheae, 
which  thus  serve  to  collect  it  for  aeration ;  and  from  these  it  is  trans- 
mitted, whilst  undergoing  exposure  to  the  air  contained  in  the  trachea?, 
towards  their  external  orifices,  where  it  is  collected  from  their  sheaths 
by  a  system  of  canals  wliich  convey  it  back  into  the  great  pericardiac 
sinus,  whence  it  enters  the  dorsal  vessel. 

227.  The  dorsal  vessel  of  the  Larva  is  far  less  perfect  in  its  structure, 
than  is  that  of  the  Imago  j  being  sometimes  almost  as  destitute  of 
valvulai-  partitions  as  is  that  of  the  Annelida,  and  very  commonly  pre- 
senting no  higher  a  development  than  does  that  of  the  lower  Myriapoda. 
But  in  its  advance  towards  the  perfect  state,  a  gradual  thickening  of  its 
walls,  and  a  completion  of  its  valvular  partitions,  may  be  noticed;  and 
at  the  same  time  the  whole  organ  becomes  contracted  in  length,  and 
presents  a  more  concentrated  condition.  In  many  aquatic  larvae,  espe- 
cially of  the  order  Newroptera,  there  are  leaf-like  appendages  aflixed 
to  the  tail,  ia  which  the  circulation  may  be  distinctly  seen,  the  streams 
passing-off  in  loops  from  the  main  trunks,  and  entering  them  again,  so 
as  to  be  conducted  to  the  posterior  extremity  of  the  dorsal  vessel. 
Previously  to  the  metamorphosis,  the  currents  cease  in  these  organs; 
and  this  is  for  the  most  part  true  also  of  the  currents  in  the  wings, 
which  may  be  -uniformly  observed  in  these  organs  in  the  Pwpa  state,  but 
which  veiy  seldom  continue  for  any  length  of  time  after  the  last  meta- 
morphosis, although  they  may  be  frequently  seen  in  individuals  that 
have  recently  emerged.  The  cessation  of  the  circulation  in  the  wings 
is  obviously  the  cause  of  their  complete  deficiency  in  reparative  power ; 
no  losses  of  substance  in  them  being  ever  made  good,  so  that  old  bees 
may  always  be  distinguished  from  young  ones  by  the  cliipped  indented 
edges  of  these  organs,  resulting  from  the  accidental  injuries  to  which 
they  have  been  subjected. — In  certain  aquatic  larvae,  especially  of  the 
Gnat  tribe,  in  which  the  visceral  cavity  occupies  a  large  part  of  the 
body,  tliis  may  be  seen  to  be  in  the  freest  coinmu.nication  with  the  dorsal 
vessel,  which  has  not  itself  any  vascular  prolongations ;  and  the  move- 
ment of  the  blood,  which  can  be  easily  watched,  on  accoimt  of  the 
miiltitude  of  corpuscles  which  it  contains  and  the  transj)arency  of  the 
bodies  of  these  larvae,  appears  to  take  place  from  behind  forwards  in  the 
dorsal  vessel,  and  from  before  backwards  in  the  great  venous  sinus, 
without  any  diverging  currents ;  not  only  the  parietes  of  the  body,  but 
all  their  contents,  being  in  such  immediate  relation  with  the  circulating 
fluid,  that  no  ftirther  provision  is  necessary.  In  some  larvte  whose  deve- 
lopment is  yet  less  advanced,  even  the  dorsal  vessel  appears  to  be 
wanting,  although  the  fluid  of  the  visceral  cavity  is  in  a  state  of  con- 
tinual oscillatory  movement. 

228.  The  Circulating  apparatus  of  the  Arachnida  presents  us,  at  least 
in  the  higher  forms  of  the  class,  with  a  much  greater  completeness  than 
that  of  Insects ;  and  this  is  especially  seen  in  the  addition  of  a  set  of 
vessels  that  is  specially  subservient  to  the  aeration  of  the  blood,  in  accord- 
ance with  the  greater  localisation  of  the  respiratory  organs  themselves. 
Nevertheless  there  is  no  essential  departure  from  the  plan  of  stnicture 
already  described  as  prevailing  in  Myriapods  and  Insects;  and  between 
the  higher  members  of  the  former  class,  and  the  Macrourous  Arachnida, 
such  as  the  Scorpion,  the  conformity  in  the  arrangement  of  the  vascular 
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system  is  extremely  close.  The  following  are  the  most  important  of  the 
facts  ascertained  by  Mr.  Newport  (loo.  cit.),  in  his  minute  investigat: 


Fig.  118 


Diagram  of  the  Circulatory  and  other  organs  in  Bidhus ; 
—A,  antennal  claws;  B,  eyes;  c,  c,  puhnono-branclup ; 
D,  alimentary  canal;  E,  anal  oi-iflce ;  P,  poison-glands; 
a,  anterior  continuation  of  the  dorsal  trunlc,  ginng  oil  1,  2, 
2*  branches  to  the  posterior  legs,  besides  the  two  great 
arches  which  form  the  ventral  trunk;  h,  cephahc  ganglia; 
Coptic  nerve;  d,  great  suboesophageal  ganghon ;  e,  ocelli; 
f,  supra-cEsophageal  artery,  gmng  oiT  6-U  branches  to  the 
cephalic  ganglia  and  organs  of  sense;  </  lateral  trunks  ol 
suTicEsophageal  arteries,  givmg  off  3  4,  5,  branches  to  the 
anterior  members ;  h,  h,  chambers  of  the  heart  1—7 ;  J,  i, 
ventral  artery;  k,  k,  branches  given  off  m  each  segment ; 
I,  1,  branches  of  caudal  artery;  m,  m,  ganghomo  cord; 
n,  L  portal  system  of  vessels;  o,  o,  its  branches;  p,  p, 
systen^c  arteries  given  off  from  the  cardiac  chambers  ;  q.q, 
great  caudal  artery;  r,  r,  its  branches  of  commuracation 
^th  the  portal  trunk  s,  s;  t,  termination  of  cardiac  portion 
in  anterior  dorsal  trunlc ;  u,  n,  auncular  openings  mto 
cardiac  chambers;  x,  diaphragm  dividing  cephalo-thorax 
from  abdomen ;  y,  anterior  pair  ot  systeimc 
tributed  on  this ;  z,  visceral  arteries. 


arteries  dis- 


lons 

into  the  Circulating  appa- 
ratus of  the  Scorpionidoi. 
— The  dorsal  vessel  nins 
continuously  from  the  pos- 
terior extremity  of  the  tail 
as  farasthecephalo-thorax, 
and  may  be  described  as 
consisting  of  a  ca/rdiac  por- 
tion (Fig.  118,  h,  h,  1—7) 
which  occupies  the  abdo- 
men, a  dorsal  artery,  a, 
which  is  the  anterior  con- 
tinuation of  this,  and  a 
caudal  artery,  q,  q,  which 
is  its  posterior  portion. 
The  structure  of  the  cardiac 
portion,  which  contains 
eight  chambers  (the  pos- 
terior one,  however,  being 
very  imperfect),  is  similar 
in  most  respects  to  that  of 
the  dorsal  vessel  of  the 
higher  Myriapods  and  per- 
fect Insects;  but  it  differs 
in  this,  that  the  valvular 
partitions  between  them 
are  much  less  complete;  a 
difference  which  probably 
has  reference  to  the  fact, 
that  the  cardiac  portion 
has  to  send  a  great  arterial 
tmnk  backwards  as  well 
as  forwards.  The  blood 
enters  the  cardiac  cham- 
bers from  the  surroimding 
sinus,  through  the  am-icu- 
lar  orifices  u,  u;  and  a 
poi'tion  of  it  is  sent  forth 
again,  vdthout  being  pro- 
pelled into  the  adjacent 
chambers,  through  the  sys- 
temic arteries  f.  The 
anterior  continuation,  or 
dorsal  trunk  a,  passes 
thi-ough  the  sejitum  x, 
wliich  divides  the  cephalo- 
thorax  from  the  abdomen ; 


and  soon  afterwards  gives 
off  a  pair  of  large  branches,  which  pass  round  the  oesophagus,  like  the  aortic 
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arches  of  Myi-iapoda  to  reunite  below  it  into  the  ventral  trunk  i,  i.  It  then 
eives  off  lai-£?e  branches,  i,  2,  to  the  two  posterior  pairs  of  legs,  and  a  smaller 
one  2*  to  the  thorax;  after  which  it  separates  into  three  principal  trunk^ 
of  which  one,  /,  is  median,  and  runs  above  the  oesophagus,  givmg  oli 
branches  (6-14)  to  the  cephaUc  ganglia  and  organs  of  sense,  whilst  the 
others,  g,  pass  forwards  at  the  sides  and  below  the  oesophagus,  to  supply  the 
two  remaining  paii-s  of  legs  (3,  4)  and  the  great  prehensile  claws  (5).  in  this 
arrangement,  there  is  a  very  marked  conformity  to  the  type  of  the  bcolo- 
pencU-a  (§  225).  Besides  these  vessels,  the  dorsal  trunk  gives  ofl  proper 
visceral  branches,  z,  which  proceed  backwards  along  the  anterior  portion 
of  the  alimentary  canal,  inosculating  with  branches  from  the  systemic 
arteries p,  p.  The  posterior  continuation  of  the  multiple  heart,  constituting 
the  caudal  artery  g,  g,  passes  backwards  to  the  extremity  of  the  taU,  giving 
off  in  its  course  the  systemic  arteries  I,  I,  and  also  the  lateral  branches  r,  r, 
which  communicate  with  the  portal  trunk  s,  s.— The  mntral  t/runk,  i,  i, 
which  lies  upon  the  upper  surface  of  the  gangliated  nervous  cord,  extends 
backwards  from  its  commencement  in  the  aortic  arches,  nearly  to  the 
termination  of  the  taU;  gradually  diminishing  in  diameter,  as  it  gives  off 
minute  vessels  for  the  nutrition  of  the  cord,  and  successive  pairs  of 
branches,  h,  h,  which  pass  downwards  to  communicate  with  the  portal 
trunk;  its  terminal  branches  in  the  last  caudal  segment  being  distributed 
with  the  terminal  nerves  proceeding  from  the  ganglionic  cord. — Beneath 
the  ganglionic  column  we  find  another  trunk,  designated  by  Mr.  Newport 
as  the  portal;  the  purpose  of  which  appears  to  be,  to  collect  the  blood 
from  the  systemic  vessels,  and  to  transmit  it  for  aeration  to  the  pulmonary 
branchise,  c,  c.  This  trunk  is  formed  by  the  coalescence  of  branches  from 
various  sources;  but  especially  from  the  ventral  trunk  in  the  abdominal 
region,  and  from  the  caudal  artery  in  the  tail.  Its  branches  are  almost 
entii-ely  distributed  upon  the  respiratory  organs. — Such  is  the  general 
distribution  of  the  proper  'vascular'  portion  of  the  circulating  apparatus, 
which  seems  to  be  altogether  arterial  in  its  character ;  the  venous  circu- 
lation in  the  body  at  large  would  seem  to  be  altogether  '  lacunar ;'  whilst 
the  return  of  the  blood  from  the  pulmonary  branchi^  to  the  heart  pro- 
bably takes  place  by  definite  canals. — The  course  of  the  blood,  therefore, 
would  seem  to  be  as  follows.  Of  that  which  is  returned  from  the  respir- 
atory organs  to  the  chambers  of  the  multiple  heart,  one  part  is  sent  forth 
by  the  systemic  trunks  proceeding  from  each  chamber  which  it  has  just 
entered,  another  part  is  transmitted  forwards  from  chamber  to  chamber 
into  the  dorsal  trunk,  whilst  a  third  portion  seems  to  be  propelled  back- 
wards into  the  caudal  trunk.  The  dorsal  trunk  distributes  the  blood  to 
the  cephalo-thorax  and  its  organs  of  sensation  and  motion ;  whilst  a  por- 
tion of  it  is  carried  backwards  through  the  aortic  arches  and  ventral 
trunk,  partly  for  the  nutrition  of  the  ganglionic  cord,  and  partly  for  trans- 
mission into  the  portal  system.  So,  again,  the  caudal  trimk  conveys  the 
blood  backwards  to  the  extremity  of  the  tail,  giving  off  nutrient 
branches  to  the  various  parts  of  that  organ,  and  also  transmitting  a  part 
of  its  contents  directly  into  the  portal  system.  The  great  portal  trunk, 
(which  may  perhaps  be  considered  as  made  up  by  the  coalescence  of  the 
two  lateral  canals  that  exist  in  Insects  and  many  Articulata)  receiving 
blood  from  these  som-ces,  and  collecting  that  which  has  been  distributed 
through  the  tissues  by  the  systemic  branches  of  the  dorsal  and  ventral 
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trunks,  transmits  this  fluid  for  aeration  to  the  puhnouaiy  branchite,  from 
which  it  is  retm-ned  by  a  set  of  '  branchio-cardiac  canals '  to  the  gi-eat 
cavity  surrounding  the  heart. 

229.  Tlie  circulation  has  not  been  studied  with  the  same  minuteness 
in  the  Araneidce;  but  from  the  researches  of  M.  Blanchard*  it  appeai-s 
that  the  course  of  the  blood  is  essentially  the  same  as  in  Insects,  but  that 

it  is  distributed  by  more  perfect  vessels. 
The  dorsal  vessel  forms  a  multiple  heart  of 
four  or  five  chambers  iu  the  abdomiual 
region  (Fig.  119);  but  the  partitions  be- 
tween these  chambers  are  often  scarcely  per- 
ceptible, so  that  the  cardiac  cavity  is  really 
single  but  elongated,  as  in  the  Stomapod 
Crustacea  (§  230).  The  blood  is  sent  forth 
from  this  organ,  partly  by  systemic  vessels 
directly  proceeding  from  its  segments,  but 
chiefly  by  the  dorsal  trank  (a)  which  forms 
its  anterior  continuation ;  and  from  this,  on 
its  entrance  ruto  the  cephalo-thorax,  nume- 
rous branches  are  given  oS  to  the  various 
organs  of  sensation  and  motion,  and  also  to 
the  viscera  contained  in  that  division  of  the 
body.  The  blood  thus  distributed  through 
the  system  is  stated  by  M.  Blanchard  to 
find  its  way  to  the  pulmonary  branchise  by 
lacunar  passages,  neither  ventral  trunk  nor 
a  portal  system  of  vessels  having  been  yet 
made  out ;  and  from  the  resi^iratoiy  organs 
it  is  carried  back  to  the  heart  by  distinct 
branchio-cardiac  canals  {b,  c,),  which  discharge  themselves  into  the  sevei"al 
chambers  of  the  multiple  heart.  The  more  difl\ised  the  respiratory 
function  is  rendered,  by  the  prolongation  of  the  pulmonary  branchise  into 
tracheae,  the  more  does  the  circtdation  resemble  that  of  Insects  in  the 
predominance  of  the  lacunar  over  the  vascular  type. 

230.  It  is  among  the  Crustacea,  that  we  find  the  sanguiferous  system 
presenting  the  most  develoj)ed  form  under  which  it  exists  in  the  Articu- 
lated series.  In  the  lower  orders,  however,  the  segments  of  whose  bodies 
are  nearly  alike  throughout,  the  contractile  portion  of  the  dorsal  vessel 
is  elongated,  and  the  distribution  of  its  branches  is  nearly  uniform  in  each 
segment ;  but  the  advance  towards  a  higher  type  is  shown  in  the  order 
Slomapoda,  the  members  of  which  have  usually  an  elongated  fusiform 
heart,  developed  as  a  muscular  dilatation  of  a  part  of  the  dorsal  vessel, 
which,  towards  its  anterior  and  posterior  extremities,  possesses  the  cha- 
racter of  a  sanguiferous  trunk.  The  same  is  the  case  also  in  the  Limulns. 
But  in  the  order  Decaijoda,  which  includes  the  most  elevated  forms  of 
this  class,  we  find  the  heart  contracted  into  a  short  fleshy  sac,  possessed 
of  considerable  muscular  power,  and  concentrating  in  itself  the  propellent 
force  which  is  diffused  in  the  lower  tribes  through  a  lai-ge  pai-t  or  the 
whole  length  of  the  dorsal  trunk.  This  organ  in  the  Lobster  is  situated  on 

*  "  Annales  des  Sciences  NatureUes  :"  3»  S6r.,  Zool.,  Tom.  xii.,  p.  317. 


Heartof  Jfyi/a/e: — a,  arterial  ti-unk 
proceeding  to  cephalo-thorax;  6,  ves- 
sels of  the  anterior,  and  c,  vessels  of 
posterior  pulmonic  ajiparatus. 
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the  median  line,  at  tlie  posterior  part  of  the  cephalo-thorax  (Fig.  120,  A,  d); 
from  its  anterior  part  is  given-off  a  largo  cephalic  trunk  (e)  wliich  passes 


Fio.  120. 


Circulating  Apparatus  of  Zohsier  .-—a,  Heart  and  Systemic  Arteriea  aa 
seen  from  above  ; — a,  smaller  antennoe ;  b,  larger  anteunte  ;  e,  eyes ;  d,  heart  ■ 
e,  ophthalmic  artery;  /,  antennar  arteries  ;  r/,  h,  superior  abdominal  artei-y  ' 

B,  Great  Ventral  Sinus,  receiving  venous  blood  from  the  system,  and  trans- 
mitting it  to  branchicE  ;— n,  first  pair  of  legs  (claws) ;  b,  venous  sinus. 

c,  Respiratory  Circulation,  as  seen  in  a  transverse  section  of  one  of  the 
segments ;— a,  leg ;  6,  venous  sinus ;  c,  branchio-cardiao  trunks ;  d,  branchise  • 
e,  branchial  veins,  or  efferent  vessels,  uniting  to  form  branchio-cardiao 
trunlcs ;  J,  branchial  arteries  proceeding  from  venous  sinus. 

forwards,  and  soon  subdivides  into  branches  for  the  snj^ply  of  the  eyes 
and  neighbouring  organs,  and  also  a  pair  of  antennary  arteries;  whilst 
from  Its  posterior  extremity  is  given-off  the  abdominal  or  caudal  arteiT 
{ff,  h),  from  which  successive  paii's  of  branches  are  s6nt-forih  laterally  to 
the  se^ents  of  the  abdomen.  The  same  arrangement  prevails  in  the 
trab  (j^ig.  58);  but  the  posterior  trunk  is  there  much  smaller  in  propoi% 
tion,  m  accordance  with  the  undeveloped  state  of  the  abdominal  se^ 
ments.    These  two  trunks,  with  the  heart,  obviously  represent  the  entire 
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dorsal  vessel  of  the  lower  Articulata;  the  transitional  form  being  shown 
in  the  Scorpion.  Besides  these  trunks,  a  paii-  of  large  hepatic  arteries  is 
given-off  from  the  sides  of  the  heart,  which  are  exclusively  distributed  to 
the  liver;  whilst  beneath  the  caudal  artery,  a  large  sternal  trunk  origi- 
nates, which  bends  down  towards  the  ventral  aspect  of  the  body,  where 
it  divides  into  an  anterior  and  a  posterior  branch,  the  former  of  which 
supplies  the  thoracic  members,  whilst  the  latter  distributes  blood  to 
the  vmder  surface  of  the  abdomen.  This  may  probably  be  regarded  as 
homologous  with  the  ventral  trunk  of  the  Scorpion,  though  it  has  not  yet 
been  shown  to  have  any  connection  with  the  cephalic  by  aortic  arches. 
The  blood  conveyed  to  the  body  by  these  arteries,  appears  to  return 
through  the  lacunte  of  the  tissues  into  two  sets  of  large  venous  sinuses; 
of  which  one  consists  of  a  series  of  flattened  cavities,  freely  communicat- 
ing with  each  other,  which  lies  immediately  beneath  the  shell  of  the 
back,  covering  the  upper  surface  of  the  heart  and  dorsal  trunks,  and  ob- 
viously representing  the  pericardiac  sinus  which  incloses  the  dorsal  vessel 
in  other  Articulata;  whilst  the  other  series  {b,  Fig.  120,  B,  c)  lies  at  the 
bases  of  the  branchiae,  on  each  side  of  the  inferior  surface  of  the  thorax. 
The  former  collects  the  venous  blood  from  the  dorsal  and  caudal  portions 
of  the  body,  and  carries  it  back  to  the  heart,  which  it  enters  by  two  pairs 
of  orifices,  guarded  by  semilunar  valves.  The  latter  (which  apparently 
corresponds  to  the  '  portal'  trunk  of  the  Scorpion)  collects  the  venous 
blood  from  the  maxillae  and  legs,  and  distributes  it  by  branchial  arteries 
{c,f)  to  the  branchiae  (d)  for  aeration.  From  these  organs  it  is  again 
collected  by  veins  (e),  which  all  coalesce  in  a  pair  of  large  trunks,  the 
branchio-cardiac  canals  (c),  that  convey  the  aerated  blood  back  to  the 
heart.  Hence,  in  that  central  organ,  the  venous  blood  received  from  a 
portion  of  the  body  is  mingled  with  the  arterial  blood  that  is  transmitted 
direct  from  the  giUs ;  and  the  fluid  which  is  propelled  through  the  systemic 
arteries  is  hence  of  a  mixed  character,  as  in  Eeptiles, — a  class  to  which 
the  Crustacea  have  many  points  of  analogy.  Thus  the  localisation  of  the 
respiratory  organs  in  the  higher  Crustacea,  as  in  Arachnida,  involves  the 
existence  of  a  special  respiratory  circulation. 

231.  In  the  lower  orders,  however,  the  blood  is  aerated  in  its  progi-ess 
through  the  general  system,  as  in  Insects;  and  in  many  of  them,  the 
arterial  as  well  as  the  venous  portion  of  the  system  appears  to  be  alto- 
gether '  lacunar.'  In  one  of  the  most  degraded  forms  of  the  class,  we 
revert  to  the  simplest  possible  type  of  the  Ou'cidating  apparatus ;  even 
the  dorsal  vessel,  which  is  so  characteristic  of  the  Articulata,  being  defi- 
cient in  the  Pycnogonidce  (Fig.  105).  In  these  curious  animals,  there  is 
not  the  least  trace  of  any  vascular  system ;  but  the  visceral  cavity  of  the 
body  and  Hmbs,  that  intervenes  between  the  integument  with  its  mus- 
cular lining  and  the  stomach  with  its  prolonged  caeca,  is  occupied  by  a 
corpusculated  fluid,  which  is  kept  in  a  state  of  contiiiual  flux  and  reflux, 
not  only  by  the  general  movements  of  the  body  and  limbs,  but  by  the 
peristaltic  contractions  of  the  walls  of  the  digestive  sac.  For  when  the 
contraction  of  the  central  cavity  forces  a  part  of  its  contents  into  the 
gastric  cjecum  of  either  of  the  legs,  that  ctecum,  by  its  ddatation,  pi-esses 
out  a  part  of  the  circumambient  liquid,  which  wiU  flow  into  the  cavity 
of  the  thorax,  whence  it  may  pass  into  that  of  any  other  lunb  m  wluch 
space  is  formed  to  receive  it  by  the  contraction  of  its  gastric  csecimi. 
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There  is  no  special  organ  of  respiration ;  so  that  the  aeration  of  tHs  fluid 
through  the  general  integument,  in  the  ordinaiy  course  of  this  strangely- 
imperfect  circulation,  must  be  sufficient  for  the  wants  of  these  mei-t 

^^23?  From  the  view  wliich  has  thus  been  taken  of  the  Circulating  ap- 
paratus in  the  higher  pai-ts  of  the  Articulated  series,  it  will  be  seen  that, 
notmthstanding  the  diversity  of  detail,  there  is  a  very  general  conformity 
to  a  definite  plan;  and  that  the  tendency,  as  we  ascend  from  below  up- 
wards, is  to  a  concentration  or  specialization  in  a  single  organ,  of  that 
impulsive  power  which,  in  the  lower  tribes,  was  diffused  through  various 
pai-ts  of  the  system.  Now  when  we  follow  a  similar  course  with  regard 
to  the  Mollusca,  it  will  be  seen  that  in  almost  the  lowest  forms  of  that 
series,  the  central  organ  is  as  powerful,  and  the  circulation  as  much 
carried-on  through  distinct  vessels,  as  in  the  highest  Crustacea.  _  The 
explanation  of  this  general  inferiority  of  the  circulating  system  in  the 
Articulated  series  is  partly  to  be  found,  as  we  have  already  seen,  in  the 
general  difiusion  of  the  respiratory  apparatus;  but  it  seems  to  be  in  part 
connected  with  the  mechanical  arrangements  of  the  body,  the  continual 
movements  of  whose  several  parts  furnish  an  additional  means  of  propul- 
sion to  the  blood  which  is  meandering  through  their  lacunar  spaces  and 
cavities.  Even  in  Yertebrated  animals,  we  find  that  the  general  acts  of 
locomotion  have  an  important  share  in  promoting  the  flow  of  blood, 
especially  through  the  venous  system ;  its  trunks  being  allowed  to  fill, 
and  being  then  forced  to  empty  themselves  towards  the  heart  (any  reflux 
being  prevented  by  their  valves),  by  the  alternate  relaxations  and  con- 
tractions of  the  muscles  which  are  so  situated  as  to  press  upon  them. 
On  the  other  hand,  in  the  comparatively  inert  bodies  of  the  Mollusca,  the 
blood  would  stagnate  in  its  course  for  want  of  such  assistance,  if  it  were 
not  kept  in  motion  by  a  powerful  force-pump,  in  the  form  of  a  compact 
heart,  with  firm  muscular  walls. — In  most  of  the  instances  in  which  we 
have  hitherto  found  an  organ  of  propulsion  materially  afiecting  the 
current  of  the  circidation,  it  has  transmitted  the  blood  which  it  has 
received  from  the  venous  sinuses  or  canals,  into  the  principal  '  systemic 
arteries,'  and  may  therefore  be  designated  as  the  systemic  ventricle. 
Among  the  Annelida,  however,  the  impelling  cavities  are  frequently 
situated  at  the  commencement  of  the  branchial  vessels,  and  are  to  be 
considered  as  representing  the  pulmonary  ventricle  of  higher  animals. 
In  the  Mollusca  generally,  we  find,  superadded  to  the  ventricle,  an  auricle 
or  contractile  cavity,  adapted  to  receive  the  blood  transmitted  to  the 
heart,  and  to  propel  it  into  the  ventricle ;  and  the  existence  of  these  two 
cavities  constitutes  the  typical  character  of  the  heart  through  nearly  the 
whole  of  that  sub-kingdom,  although  many  variations  are  presented  in 
their  form  and  situation.  Notwithstanding  this  higher  development  of 
the  heart,  the  rest  of  the  circulatory  apparatus  remains  in  a  state  of 
relative  incompleteness;  for  in  the  lower  classes  of  this  series,  the 
distribution  of  blood  to  the  general  system  is  almost  entirely  eflTected  by 
lacunar  spaces,  of  which  the  visceral  cavity  forms  part,  it  being  only  in 
the  respiratory  organs  that  it  moves  through  distinct  vessels ;  and  even 
in  the  higher  tribes,  in  which  the  arterial  part  of  the  systemic  circula- 
tion is  generally  truly  vascular  throughout,  the  venous  portion  of  it  is 
still  in  some  degree  lacunar. 
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lu  the  Bryozoa  there  is  no  other  cii-ciilatiou  than  -the  flux  and 
refl  ux  of  the  mitritive  fluid,  which  has  ti'ausuded 
through  the  walls  of  the  alimentary  canal  into 
the  visceral  cavity,  whence  it  j-jasses  into  the  ten- 
tacula;  a  contimxal  movement  being  kept-up  by 
the  peristaltic  contractions  of  the  alimentaiy  canal 
(as  in  the  Pycnogonidai,  §  231),  and  by  the  altera- 
tions in  the  form  of  the  visceral  sac,  consequent 
upon  the  retraction  or  j)i'ojection  of  their  polypoid 
bodies.  The  visceral  cavities  of  the  several '  zooids' 
that  have  originated  by  gemmation  from  the  same 
stock,  seem  to  retain  their  connection  with  each 


i 
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Anatomy  of  Amaroucmm 
proliferwm: — A, thorax;  B, 
abdomen;  c, post-abdomen; 
— c,oraloriflce;  e.brancMal 
sac;  f,  thoracic  sinns;  i, 
anal  orifice;  i',  projection 
overhanging  it;  ,/,  nervous 
ganglion  ;  k,  ce'sophagus  ; 
I,  stomach  surrounded  by 
biliaiy  tubuli;  m, intestine; 
n,  termination  of  intestine 
in  cloaca;  o,  heart;  o',  peri- 
cardium; p,  ovariiun;  p', 
egg  ready  to  escape ;  g, 
testis  ;  r,  spermatic  canal ; 
r',  termination  of  this  canal 
in  the  cloaca. 

*■  See  Messrs. 


JJr'     other,  although  this  is  sometimes  narrowed  and 


prolonged  so  as  to  form  but  a  slender  tube.  The 
stony  walls  of  the  'cells'  which  invest  the  soft 
l  bodies  of  many  sj)ecies  of  Uschara,  Lepralia,  &c., 
are  marked  with  punctations,  which  are  in  reality 
the  orifices  of  short  passages  extending  into  them 
from  their  internal  cavity;  and  these  passages  are 
occvipied  by  prolongations  of  the  visceral  sac,  which 
thus  convey  the  nutrient  fluid  into  the  substance 
of  the  framework  formed  by  the  aggregation  of  the 
calcified  tunics  of  these  animals. 

234.  Although,  in  the  Tunicata,  we  find  a 
special  provision  for  the  regular  circulation  of 
nutritive  fluid,  yet  this  is  not  very  far  removed 
from  the  simj^ler  arrangement  which  suffices  in 
the  Bryozoa;  for  the  system  of  passages  in  which 
that  fluid  moves,  might  be  considered  as  an  ofiset 
from  the  general  cavity  of  the  body,  which  still 
forms  an  important  part  of  the  circuit. — We  here 
find  a  distinct  heart,  usually  of  a  somewhat 
q  elongated  form,   and  generally  situated   in  the 

neighbourhood  of  the  ovarium ;  it  is,  however, 
merely  a  portion  of  the  sinus-system  furnished 
with  muscidar  parietes,  and  it  is  not  yet  divided 
into  auricular  and  ventricular  cavities.  In  the 
long-bodied  Polyclinians,  the  heart  is  situated  at 
the  extremity  of  the  post-abdomen  (Fig.  121,  o) ; 
but  in  the  Botryllians  (Fig.  51),  which  have  no 
proper  abdominal  cavity,  it  is  brought  into  much 
closer  approximation  with  the  branchial  sac ;  and 
in  the  Sal2)ce  it  holds  nearly  the  same  relative  posi- 
tion (Fig.  122,  A,  e).  In  the  solitary  Ascidians, 
however,  it  usually  lies  between  the  branchial  sac 
and  the  ventral  surface  of  the  body,  partly  exca- 
vated in  the  muscular  tunic.  In  the  cuiious  genus 
Pelonaia* — which  in  its  general  form  and  in  some 
parts  of  its  structure  exhibits  an  obvioiis  approxi- 
mation to  the  Sipunculida,  as  also  (in  common 
with  that  group)  to  the  Annidose  type, — there 
Forbes  and  Goodsir,  in  "Edinb.  New  Philos.  Jonrn."  Vol.  xxxi.  p.  29. 
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seems  to  be  no  heart,  although  the  vascular  portion  of  the  circulating 
apparatus  is  more  complete  than  usual;  but  it  is  not  improbable  that  the 
dorsal  trimk  is  contractile  throughout,  and  supplies  the  place  of  that  organ. 
The  blood  does  not  ordinai-ily  seem  to  move,  in  any  part  of  its  course, 
throu-h  in-oper  vessels  with  cUstinct  parietes;  but  flows  through  a  system 
of  dnuses,  which  are  in  free  communication  with  the  general  cavity  of  the 
body,  and  which  occupy  the  whole  space  between  the  second  and  third 
timics,  save  where  these  are  adherent  to  each  other.    There  is  usually  a 
principal  sinus  on  the  dorsal,  and  another  on  the  ventral  aspect  oi  the 
body  •  and  these  communicate  with  each  other  by  an  intermediate  net- 
work'of  channels,  which  are  very  close  and  minute  in  some  tribes,  but 
much  ^vider  apart,  as  well  as  larger,  in  others.    From  this  smus-system, 
prolongations  extend  into  the  'test'  of  many  species  m  which  this  enve- 
lope is  of  considerable  thickness;  a  fact  of  much  interest  in  its  relations 
to  the  analogous  prolongation  of  the  visceral  cavity  into  the  stony  cell- 
walls  of  the  Bryozoa  (§  233),  and  to  that  of  the  sinus-system  into  the  shells 
of  many  Brachiopoda  (§  236,  note). — The  most  curious  feature  in  the  action 
of  the  Circulating  apparatus  in  this  group,  is  the  alternation  which  presents 
itself  in  the  direction  of  the  flow  of  blood ;  for  this  renders  it  impossible  to 
designate  either  set  of  vessels  or  passages  as  arterial  or  venous,  since  both 
are  arterial,  and  both  venous,  in  their  turns.    The  contraction  of  the 
heart,  in  all  the  species  which  are  sufficiently  translucent  to  allow  it  to 
be  observed  during  life,  is  somewhat  peristaltic  in  its  character,  proceed- 
ing from  one  extremity  of  its  cavity  towards  the  other ;  after  the  pulsa- 
tions have  continued  in  either  direction  for  a  minute  or  two,  a  short 
intermission  takes  place,  during  which  the  current  of  blood  comes  to  a 
stand ;  aijid  the  peristaltic  contraction  then  recommences  in  the  opposite 
direction,  the  flow  of  blood  being  now  first  directed  towards  those  parts 
from  which  it  had  last  retiu'ned.    If  the  course  of  the  circulation  be 
watched  in  an  individual  of  Amaroucium  separated  from  the  common 
envelope,  it  will  be  seen  that  the  blood  when  propelled  towards  the 
thorax,  j)asses  through  the  space  left  between  the  viscera  and  the  lining 
membrane  of  the  cavity;  chiefly,  howeA^er,  along  either  its  dorsal  or  its 
ventral  aspect.    When  the  ascencHng  current  takes  the  latter  direction 
(which  corresponds  to  its  coiu"se  in  the  higher  Acephala),  it  enters  a  large 
vertical  canal,  which  is  designated  as  the  great  'thoracic'  or  'ventral' 
sinus.    From  this  sinus,-  a  great  number  of  vessels  pass  ofi"  transversely 
around  the  branchial  sac ;  and  these  are  connected  together  by  numerous 
communicating  twigs,  which  pass  between  the  branchial  fissures :  so  that 
a  minute  network  is  thus  formed,  in  which  the  blood  is  exposed  for  aera- 
tion to  the  water  that  enters  the  sac.    From  this  network  the  aerated 
blood  is  collected  into  the  '  dorsal'  sinus,  which  also  receives  blood  that 
has  been  transmitted  to  it  du'ect  from  the  thoracic  sinus,  by  means  of  a 
vessel  that  passes  roimd  the  branchial  orifice;  so  that  the  fluid  which  it 
contains  is  of  a  mixed  character.      From  the  dorsal  sinus  the  blood 
returns  to  the  heart,  bathing  the  viscera  in  its  course.    When  the 
reversal  of  the  circulation  takes  place,  the  blood  is  first  transmitted 
along  the  dorsal  side  of  the  body  to  the  dorsal  sinus;  thence  it  is  dis- 
tributed over  the  branchial  sac ;  and  it  finally  returns  to  the  heart  by 
the  ventral  sinus. 

235.  The  circulation  in  all  the  Tunicata  is  performed  upon  a  plan 
essentially  the  same ;  but  its  peculiarity  in  certain  compound  ClaveUmoi 
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deserves  a  special  notice.  In  the  Peropliora  (Fig.  138),  the  several  indi- 
viduals are  not  included  in  a  common  'test,'  but  grow  by  footstalks  from 
a  common  'stolon.'  Each  of  these  stalks  contains  a  double  channel  for 
the  passage  of  blood,  and  these  channels  communicate  in  the  common 
stem  with  those  proceeding  from  other  individuals;  so  that  avascular 
communication  exists  among  them  all,  and  this  extends  also  to  the  unde- 
veloped buds  which  sprout  forth  from  the  stolons.  One  of  the  channels 
m  each  peduncle  enters  the  heart  of  the  animal  which  it  supports ;  and 
of  the  blood  thus  received  into  the  propelling  cavity,  a  great  part 
is  transmitted  along  the  ventral  canal  over  the  branchial  surface,  whilst 
the  remainder  is  distributed  to  the  visceral  apparatus  and  the  mantle. 
Both  these  currents  reunite  in  the  dorsal  sinus,  wliich  then  conducts  the 
blood,  not  back  to  the  heart  again,  but  into  the  peduncle,  in  which  it 
may  be  seen  to  flow  towards  the  principal  stem.  As  in  other  cases,  how- 
ever, a  reversal  takes  place  about  every  two  minutes;  the  blood  then 
flowing  towa/rds  the  body  in  the  peduncular  channel  that  communicates 
with  the  dorsal  sinus,  and  returning  ./rom  it  in  that  which  is  continuous 
with  the  heart.  When  one  of  the  animals  is  separated  from  its 
peduncle,  the  circulation  is  at  first  disturbed,  but  soon  regains  its  usual 
regularity;  a  new  communication  being  apparently  formed,  by  which  a 
free  passage  of  blood  takes  place  between  the  dorsal  sinus  and  the  heart.* 
— In  many  of  the  Salpidoe,  we  find  a  much  more  complete  system  of 

Fia.  122. 

A 


Circulating  apparatus  of  SaVpa  maxima,  as  seen  from  the  side  at  a,  and  from  the  ventral 
surface  at  b; — a,  oral  oriiiee;  h,  vent  ;  c,  nucleus,  composed  of  the  stomach,  liver,  &e.  ; 
d  branchial  lamina ;  e,  heart,  from  which  proceeds  the  longitudinal  trunk/,  sending  trans- 
verse branches  across  the  body ;  g,  g,  projecting  parts  of  the  external  tunic,  serving  to  unite 
the  different  individuals  into  a  chain. 

.vascular  passages,  adapted  to  difi'use  the  blood  over  the  membrane  lining 
the  general  cavity,  as  well  as  upon  the  special  respiratory  organ.  From 
the  heart  (Fig.  122,  A,  e)  proceeds  the  ventral  sinus  (y),  which  passes 

*  See  Mr.  Lister's  Memoir  in  the  "  Philosophical  Transactions,"  1834. 
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towards  the  anterior  extremity  of  the  body,  giving  off  numerous  branches 
at  right  ancrles  on  either  side,  from  wHch  arise  numerous  smaller  branches, 
the  whole  forming  a  minute  net-work  over  the  whole  of  the  dilated 
branchial  cavity  (b);  whilst  a  separate  set  of  channels  distributes  blood 
to  the  peculiar  membranous  fold  which  projects  into  its  interior.  From 
all  these  vessels  it  is  coUected  into  the  dorsal  sinus,  which  conveys  it  back 
to  the  heart.  It  is  also  transmitted  through  the  lacunar  spaces  which 
immediately  surround  the  viscera.  The  same  alternation  may  be  wit- 
nessed in  the  direction  of  the  flow,  in  the  SalpiB,  as  m  other  Tunicata  ; 
but  here,  as  elsewhere,  it  has  been  noticed  that  what  may  be  considered 
as  the  direct  cuiTent,— i.  el  the  forward  movement  of  the  blood  from  the 
heai-t,  along  the  '  ventral'  trunk,— is  of  much  longer  duration  than  the 
reverse,  in  which  the  blood  is  propelled  from  the  heart  through  the  '  dorsal' 
trunk;  the  number  of  pulsations  being  usually  about  twice  as  great  for 
the  former  as  for  the  latter. 

236.  In  the  Bivalve  MoUusks  we  find  a  more  complete  system  of 
arterial  vessels,  and  the  heart  is  divided  into  an  auricular  and  a  ventricular 
cavity;  but  the  venous  circulation  is  carried-on,  as  in  the  Tunicata,  by  a 
system  of  sinuses  in  free  communication  with  the  general  cavity  of  the 
body.  In  the  Brachiopoda,  which  are  remarkable  for  their  bilateral 
symmetry,  and  for  the  independence  of  the  organs  on  the  two  sides  of  the 
median  plane,  there  are  two  separate  and  distinct  hearts,  one  for  either 
half  of  the  body.  Each  has  a  feebly-muscular  ventricle,  which  propels 
the  blood  it  receives  from  the  auricle  into  two  arterial  trunks ;  the  larger 
of  which  distributes  it  to  the  two  halves  of  the  mantle-lobes  nearest  the 
ventricle,  the  smaller  to  the  viscera  and  muscles.  The  pallial  arteries 
terminate  at  the  margin  of  the  mantle  in  the  circum-pallial  vein  or  sinus, 
from  which  the  blood  is  returned  by  large  sinuses  in  the  substance  of  the 
mantle,  that  discharges  it  into  a  large  common  sinus  at  the  back  part  of 
the  visceral  chamber.  This  sinus  also  receives,  from  the  visceral  cavity 
and  its  extensions,  the  blood  which  has  been  distributed  among  the 
viscera  and  muscles,  by  the  second  arterial  trunk  proceeding  from  the 
ventricle;  and  it  discharges  its  contents  into  the  auricles  of  the  two 
hearts,  each  of  which  has  a  wide  gaping  orifice  for  its  admission.*  The 

*  The  account  of  the  Circulating  apparatus  of  Brachiopoda  here  given,  is  derived  from 
Prof.  Owen's  description  of  the  '  Anatomy  of  the  Terebratula'  contained  in  the  Introduction 
to  Mr.  Davidson's  Monograph  on  the  "British  Fossil  Brachiopoda,"  published  by  the 
Palseontographical  Society,  1853. — The  Author's  own  researches  have  led  him  to  the  con- 
clusion, that  one  very  remarkable  extension  of  the  sinus-system  of  Brachiopoda  has  not 
been  noticed  by  Prof.  Owen.  The  membrane  which  can  be  stripped  from  the  interior  of 
the  valves,  and  which  is  usually  regarded  as  constituting  'the  mantle,'  is,  in  his  view,  but 
onefold  of  the  mantle  ;  another  fold  being  so  incorporated  with  the  inner  layer  of  the  shell 
as  not  to  be  distinguishable  from  it,  but  being  separated  by  dissolving  the  calcareous  matter 
with  dilute  acid.  These  two  layers  adhere  at  many  points ;  audit  is  to  this  adhesion  that  the 
difficulty  of  detaching  what  is  commonly  regarded  as  '  the  mantle '  from  the  shell,  long  since 
noticed  by  Prof.  Owen,  is  really  due ;  but  wherever  they  do  not  adhere,  the  space  between 
them  seems  to  be  occupied  by  blood,  which  thus  fills  a  capacious  sinus-system  between  the 
two  folds  of  the  mantle,  from  which  are  sent,  in  a  large  proportion  of  the  Brachiopoda, 
those  curious  vascular  processes  which  penetrate  the  substance  of  the  shell.  This  sinus- 
system  appears  to  be  strictly  comparable  to  that  which  intervenes  between  the  second  and 
third  tunics  of  the  Tunicata  (§  234) ;  and  the  vascular  processes  that  penetrate  into  the 
shells  of  Brachiopods  correspond  with  those  which  extend  into  the  'test'  of  that  class. 
See  the  Author's  account  of  these,  in  his  description  of  '  The  Intunate  Structure  of  tlie 
Shells  of  Brachiopoda,'  forming  part  of  the  Introduction  to  Mr.  Davidson's  Monograph 
already  cited  (p.  30.) 
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palhal  portion  of  the  circulation  is  obviously  respiratory,  since  tlie  blood 
spread  over  tbe  extended  surface  of  the  mantle  is  more  freely  exposed  to 
the  aerating  fluid,  than  is  that  which  is  distributed  elsewhere;  and 
hence  the  cii-culation  of  the  Bracliiopoda  may  be  compared  with  that  of 
Reptiles,  the  aerated  blood  which  has  returned  from  the  respiratory  sm-- 
face  being  mingled  in  the  central  cavity  with  the  venous  blood  which 
has  returned  from  the  system,  and  a  mixed  fluid  being  thus  propelled 
through  both  the  pallial  and  the  visceral  ai-teries. 

Fig.  123. 


Pinna  mwrina  laid  open,  to  show  the  arrangement  of  the  Circulating  Apparatus :— a,  mouth ; 
B  foot-  c  igitiform  appendage  to  the  foot;  d,  byaaus;  E,  labial  tentacula;  r,  F,  branchiffi, 
those  of  the  right  side  being  in  place,  those  of  the  left  being  divided  near  their  anterior  extre- 
mity and  turned  back,  so  as  to  expose  their  anterior  surface ;  G,  G,  the  mantle,  of  which  the  left 
lobe  has  been  detached  and  folded  back ;  h,  posterior  adductor  muscle ;  i,  first  stomach,  covered 
by  the  liver-  k,  retractor  muscles  of  the  foot;  l,  anus;  m,  glandular  organ,  probably  urmary; 
between  this  organ  and  the  branchiee  of  the  right  side  is  seen  the  second  stomach;  a,  aortic 
ventricle  •  a>  anterior  portion  of  this  ventricle,  passing  round  the  rectimi ;  i,  one  of  the  auricles 
turned  back  the  other  being  seen  in  its  natural  position  on  the  opposite  side  of  the  ventricle; 
e  one  of  the  branchio-cardiac  canals;  the  other  is  seen  in  front  of  the  adductor  muscle  H; 
d,  anterior  aortic  trunk;  e,  posterior  aortic  trunk;/,/,  paUial  veins,  proceedingto  empty  them- 
selves into  the  branebio-cardiac  canals  at^;  h,  h,  ailerent  vessels  ot  the  branchia;;  i,  canal  ot 
communication  between  these  last,  and  the  general  lacunar  system  of  the  abdomen. 

237.  The  chief  modification  of  the  foregoing  plan  in  the  Lavidli- 
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hrancMate  Bivalves,  consists  in  the  development  of  a  system  of  branclual 
vessels:  the  respiratory  function  of  the  mantle  being  herein  great  part 
superseded  by  the  special  provision  made  for  it  in  the  lamelliform 
branchic^.    Although  the  auricle  is  still  frequently  double,  there  is 
usually  but  a  single  ventricle  (Fig.  123,  a),  of  which  the  walls  are  formed 
by  muscular  fibres  interlacing  in  every  dii-ection,  and  even  projecting 
into  the  interior.     From  this  centre,  which  is  situated  between  the 
adductor  muscle  and  the  rectum,  the  blood  is  sent  by  two  principal 
ai'terial  trunks,  an  anterior  {d)  and  a  posterior  {e),  to  the  system  at  large; 
and  thence  it  is  returned,  not  by  distinct  veins,  but  by  a  system  of  lacunae 
in  the  substance  of  the  foot  (b),  of  the  labial  tentacula  (e),  of  the  ad- 
ductor muscle  (h),  of  the  glandular  organs,  and  of  the  viscera  generally; 
the  contents  of  which  are  collected,  in  great  part  by  a  furrow  {%)  along 
the  free  margin  of  the  mantle,  into  the  afferent  vessels  (A,  h),  by  which  it 
is  conveyed  to  the  branchiae.    After  being  exposed  in  these  organs  to  the 
action  of  the  aii-  contained  in  the  surrounding  water,  it  repasses  to  the 
heart  by  two  large  branchio-cardiac  canals,  which  do  not  enter  the  ven- 
tricle, but  terminate  in  auricles  (6),  of  which  one  is  usually  placed  on 
each  side.    The  branchio-cardiac  canals  also  receive  the  blood  brought 
back  by  the  venous  sinuses  from  the  general  surface  of  the  mantle,  which 
still  continues  to  act  as  a  respiratory  organ,  although  the  proper  branchiae 
of  the  LameUibranchiate  bivalves  are  undoubtedly  the  special  instruments 
of  this  function.* — Although  two  auricles  are  found  in  most  Lamelli- 
branchiata,  they  are  not  to  be  regarded  as  representing  the  two  auricles 
of  aii'-breathing  Yertebrata  (§  245),  of  which  one  receives  the  blood  from 
the  system  at  large,  and  the  other  that  which  is  transmitted  from  the 
lungs ;  since  here  the  two  auricles  have  the  same  function,  being  both 
respiratory,  and  being  merely  repetitions  of  one  another,  separated  for 
the  sake  of  convenience.    In  the  Oyster,  in  fact,  they  are  united  into  a 
single  cavity;  whilst  in  another  tribe,  the  Archidce,  the  ventricle  is 
divided  like  the  auricle,  in  conformity  with  the  breadth  of  the  back  of 
the  animal,  and  the  consequent  separation  of  the   gills  from  one 
another. 

238.  Among  the  Gasteropoda,  we  find  the  same  general  arrangement 
of  the  circulating  system ;  but  the  situation  of  its  centre,  and  the  distri- 
bution of  its  vessels,  present  great  variation  in  different  orders.  The 
heart  (Fig.  124,  h)  is  composed  of  a  ventricular  and  of  an  auricular  sac; 
the  former  of  which  is  usually  provided  with  walls  of  considerable 
firmness,  having  muscular  bands  interwoven  with  its  coats  and  projecting 
slightly  into  its  cavity.  In  some  Gasteropoda,  as  in  Conchifera  in  general, 
the  am-icle  is  double ;  and  in  a  few  genera,  even  the  ventricle  is  partly 
divided  by  the  intestine  which  passes  through  it.  The  blood  which  is 
propelled  from  the  ventricle  by  one  principal  systemic  artery,  or  aorta  {%), 
is  distributed  by  its  branches  (j,  k,  I)  to  the  various  organs  of  the  body; 
in  these  it  is  dispersed  through  a  capillary  network  possessing  distinct 
parietes;  and  from  this  network  it  passes,  not  into  a  proper  venous 
system,  but  into  a  set  of  intercommunicating  lacunae,  which  even  pour  it 
into  the  visceral  cavity  (m,  m),  so  that  it  bathes  the  external  surface  of 

*  See  the  Memoirs  of  Prof.  Milne-Edwards  on  the  '  Circulation  in  Mollusks,'  in  the 
"Ann.  des  Sci.  Nat.,"  3"  S6r.,  Zonl.,  Tora.  viii.,  p.  77. 
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alimentary  canal.  From  a  part  of  this  lacunar  system,  it  is  collected 
'  the  afferent  trunks  which  distribute  it  to  the  respii-atory  organs 


Anatomy  oi Snail: — a,  mouth;  b  b,  foot;  c,  anus;  d  d,  pulmonary  sac;  e,  stomach,  covered 
above  by  salivary  glands ;  intestine;  (/,  liver;  h,  heart;  i,  aortic  trunk ; gastric  artery; 
k,  artery  of  foot;  I,  hepatic  artery;  mm,  abdominal  cavity,  serving  also  as  a  venous  sinus ; 
n  n,  irregular  canal  communicating  with  abdominal  cavity,  and  conveying  blood  to  pulmonary 
8ac;  0  0,  pulmonary  vein,  returning  blood  from  pulmonary  sac  to  heart. 

•whether  branchial  or  pulmonary  (d,  d);  and  after  having  been  aerated 
in  these,  it  is  returned  to  the  auricle  by  the  branchio-cardiac  canals,  or 
pulmonary  veins  (o,  o).  Into  these,  however,  is  also  poured  the  venous 
blood  that  is  returned  by  a  portion  of  the  lacunar  system,  without 
passing  through  the  respiratory  organs ;  so  that  the  general  plan  of  the 
circulation  strongly  resembles  that  which  we  have  seen  in  the  Crustacea 
(§  230),  only  a  part  of  the  blood  which  is  sent-forth  from  the  heart, 
being  subjected  to  the  aerating  process  before  returning  to  it  again.  The 
proportion  which  thiis  escapes  aeration,  however,  seems  to  differ  consi- 
derably in  the  several  orders  and  genera  of  the  class. — Many  cm'ious 
varieties  in  the  arrangement  of  the  vascular  system  of  Gasteropoda  might 
be  enumerated ;  but  it  must  here  suffice  to  mention  that  they  princi- 
pally have  reference  to  valuations  in  the  condition  and  position  of  the 
respiratory  organs,  and  do  not  present  any  essential  departures  from  the 
type  just  desciibed.  Thus  in  Haliotis  and  Patella,  certain  parts  of  the 
arterial  system  present  the  lacunar  condition;  and  in  Tethys,  the 
branchio-cardiac  canals  unite  into  an  immense  venous  sinus,  which 
occupies  the  dorsal  region,  and  which  is  only  sej)arated  from  the  visceral 
cavity  by  a  thin  membrane.*  In  Doris,f  again,  the  skin  aiopears  to  act 
in  a  considerable  degree  as  a  respiratory  organ;  and  the  blood  which 
has  been  distributed  to  the  foot  and  to  the  greater  number  of  the  viscera, 
is  conveyed,  not  through  the  branchial  circle,  but  through  a  network  of 
vessels  in  the  skin,  before  returning  to  the  heart ;  it  being  only  the  blood 
which  has  traversed  the  liver,  kidneys,  and  ovaria,  that  is  sent  for 

*  See  Prof.  Milne-Edwards's  account  of  the  Circulation  in  these  MoUusks,  in  the 
Memoii-a  last  referred  to. 

t  See  Messrs.  Hancock  and  Embleton's  Memoir  <  On  the  Anatomy  of  Doris,'  in  "Philos. 
Transact.,"  1852,  p.  228. 
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aeration  to  the  special  respiratory  apparatus  (Fig  143).  In  Eolxs,  which 
has  no  other  respii-atory  organ  than  the  skin  and  its  papilla  the  blood 
which  has  passed  through  the  internal  organs  finds  its  way  to  the  surface 
throu-h  an  intermediate  system  of  lacunae;  and  after  being  there  aerated 
is  earned  back  to  the  heart  by  branchio-cardiac  canals.*— In  Gasteropod 
MoUusks,  as  in  the  higher  Crustacea,  we  find  the  liver  very  largely 
developed,  and  supplied  with  blood  by  a  large  arterial  trunk  (Fig.  50,  o). 
Some  yet  more  special  provision  for  supplying  blood  to  the  liver  is  not 
unfreqxiently  met-with;  the  most  remarkable  at  present  known  being  in 
Doris  yfhich  has  a  peculiar  contractile  cavity,  freely  communicating  with 
the  pericardium  (which  seems  to  act  as  a  kind  of  auricle  to  it)  situated  at 
the  commencement  of  what  may  be  designated  the  'portal  system'  of  the 
liver.  Venous  blood  is  returned  into  the  pericardium  from  the  body, 
without  passing  through  the  skin;  and  this,  having  been  distributed 
through  the  Uver  by  vessels  proceeding  from  the  '  portal  heart,'  is  col- 
lected'by  a  system  of  more  definite  veins  than  are  seen  elsewhere,  and  is 
conducted  to  the  branchial  cii-cle,  after  passing  through  which,  it  is 
retiu-ned  to  the  systemic  heart.  As  in  higher  animals,  moreover,  the  liver 
is  supplied  with  arterial  blood  by  a  branch  of  the  aorta ;  and  this,  like  the 
blood  of  the  portal  system,  is  collected  by  the  hepatic  veins,  and  is  sent 
to  the  branchial  circle  for  aeration,  t 

239.  Hitherto  we  have  usually  found  the  respiratory  organs,  whether 
branchial  or  pulmonary,  interposed  between  the  capillaries  of  the  system 
and  the  central  propelling  cavity ;  the  canals  which  collect  the  blood  from 
the  difierent  organs  of  the  body,  uniting  only  to  distribute  it  again,  with- 
out any  fresh  impulse  being  given  to  their  contents.  The  only  instance 
of  the  interposition  of  anything  like  an  impelling  cavity  between  the 
systemic  and  the  respiratory  vessels,  was  seen  in  certain  Annelida,  which 
are  provided  with  branchial  hearts  (§  222).  Now  in  Fishes,  the  heart  is 
entirely  respiratory,  the  arterial  trunk  which  proceeds  from  it  being  dis- 
tributed at  once  to  the  gills,  and  the  blood  which  has  been  aerated 
in  them  being  returned  into  a  systemic  artery  or  aorta,  whence  it  pro- 
ceeds to  the  body  at  large ;  and  in  the  class  of  CepJialopoda,  especially  in 
the  Dibranchiate  order,  we  meet  with  a  condition  of  the  circulating 
apparatus,  which  manifestly  establishes  the  transition  between  that  of  the 
MoUusca  in  general,  and  that  which  is  peculiar  to  Fishes.  The  systemic 
heart  of  the  Octopus  consists  of  only  one  cavity  or  ventricle  (Fig.  125,  p), 
which  is  usually  of  a  nearly  globular  form,  tolerably  strong  and  muscular, 
and  exhibits  on  its  internal  surface  bimdles  of  fibres  (carnece  columnce) 
interlacing  with  one  another,  as  well  as  distinct  valves  protecting  the 
orifices  by  which  the  blood  enters  it.  The  aorta  {q),  and  the  branches 
which  proceed  from  it,  distribute  arterial  blood  to  the  general  system ; 
and  this  is  returned  by  means  of  a  regular  system  of  veins  possessing  dis- 
tinct parietes,  of  which  one  is  seen  at  r.    Of  these,  however,  one  pair 

*  An  attempt  was  made  by  M.  de  Quatrefages,  to  show  that  the  NudibrancUate 
Mollusca  (Fig.  104)  differ  from  other  Gasteropoda  in  the  deficiency  of  a  proper  venous 
system ;  but  this  has  been  negatived,  on  the  one  hand,  by  the  discovery  that  ia  the  Gaste- 
ropoda in  general  the  systemic  venous  circulation  is  lacunar ;  whilst,  on  the  other  hand 
the  Nudibranchiata  have  been  proved  to  possess,  like  other  Gasteropoda,  proper  branchio- 
cardiac  canals.  (See  the  Anatomy  of  Eolis,  by  Messrs.  Alder  and  Hancock,  in  their 
Monograph  of  the  "  Nudibranchiatc  Mollusca,"  published  by  the  Eay  Society.) 

+  Hancock  and  Embleton,  loo.  cit. 
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opens  directly  into  the  visceral  cavity,  which  thus,  as  in  the  inferior 
Mol  usca,  is  made  to  take  part  in  the  venous  circulation.  By  the  union 
of  the  systemic  veins  on  either  side,  the  blood  is  conveyed,  not  imme- 
chately  to  the  giUs,  as  m  the  other  MoUusca,  but  to  two  superadded 
impelling  cavities,  or  branchial  hearts  {s),  one  of  which  is  situated  in  con- 
nection with  each  row 


of  gills.  These  bran- 
chial ventricles  are 
less  powerful  than 
that  which  propels 
the  blood  thi'ough  the 
system ;  but  they  are 
still  sufficiently  mus- 
cular and  contractile 
to  accelerate  the  circu- 
lation through  the  re- 
spiratory organs,  and 
thus  to  prepare  the 
blood  for  the  susten- 
tation  of  the  muscular 
exertions  which  are 
required  for  the  supe- 
rior locomotive  powers 
of  these  animals,  as 
well  as  for  the  general 
activity  of  the  func- 
tions of  their  highly- 
organised  bodies.  The 
blood  that  has  been 
thus  impelled  thi'ough 
the  branchial  arteries 
(s'),  is  returned  in  an 
aerated  condition  by 
the  branchial  veins  (t), 
which  tmite  into  a 
single  branchio  -  car- 
diac canal  on  each  side. 
These  canals,  before 
entering  the  ventricle, 
present  dilatations, 
which  have  been 
usually  regarded  as 
mere  sinuses;  but  as 
they  have  been  ob- 
served to  be  distinctly 
contractile,  they  must 
be  considered  as  in 
some  degree  represent- 
ing the  double  auricles 

of  the  lower  MoUusca. — Here,  therefore,  we  find  sketched-out,  as  it  were, 
the  complicated  form  of  the  vascular  system  in  warm  blooded  animals 


Anatomy  of  Oeiopus,  the  animal  being  laid  open  on  the  ventral  side, 
and  the  inferior  wall  of  the  abdominal  cavity,  with  the  liver,  having 
been  removed: — a,  a,  base  of  the  tentacula,  with  the  suckers  a'  a' 
on  their  inner  surface ;  b,  head ;  c,  eye ;  d,  d,  mantle  turned  back ; 
c,  funnel;/",  fleshy  mass  surroimding  the  mouth;  g,  saHvary  glands  of  the 
first  pair ;  h,  salivary  glands  of  the  second  pair,  with  their  suspensory 
ligaments  h',  and  their  excretory  canal  h" ;  i,  cesophagus;  /,  crop; 
}c,  stomach;  I,  spirally  convoluted  csecal  appendage  (rudimentary  pan- 
creas?) ;  m,  commencement  of  intestinal  tube,  with  biliary  canal  on  each 
side;  m',  intestinal  convolution;  m",  anal  extremity,  turned  down- 
wards and  to  one  side ;  n,  ovarium ;  n',  n',  oriducts,  of  which  the  one  is 
in  its  natural  position,  and  the  other  turned  downwards;  o,  o,  branchioe; 
p,  heart;  q,  ascending  aorta;  r,  venous  trunlc  passing  towards  the 
pulmonary  heart;  r',  its  glandiform  appendage;  s,  puhnonary  heart; 
»',  branchial  artery;  branchial  vein;  bulbous  dilatations  of  bran- 
cldo-cardiac  veins. 
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possessed  of  a  complete  double  circvolation  ■  the  tinxnks  winch  conyey  the 
blood  to  the  respiratory  organs  being  fui-nished,  like  that  which  cbstributes 
it  to  the  system  at  large,  with  an  impelling  cavity,  by  which  a  constant 
and  regular  current  is  maintained.  In  the  Tetrabranchiate  order,  on  the 
other  haaid,  of  which  the  I^autilus  is  the  type,  the  vascular  system  pre- 
sents nearly  the  same  arrangement  as  in  the  Gasteropoda  ;  for  the  veins 
that  retiu-n  the  blood  from  the  system  enter  a  common  sinus,  which  has 
not,  however,  a  distinctly  muscular  character,  and  does  not  seem  to  pos^sess 
contractile  powers ;  and  from  this  proceed  the  foiu-  branchial  trunks  which 
distribute  the  blood  to  the  two  pairs  of  gills,  whence  it  is  conveyed  back 
to  the  heart  or  systemic  ventricle  by  branchio-cardiac  cana,ls.— ^  rem 
various  parts  of  the  systemic  venous  triuiks,  both  in  the  Tetrabranchiate 
and  Dibranchiate  orders,  a  curious  series  of  follicles  or  little  sacs  is 
seen  to  proceed,  forming  spongy  masses,  sometimes  of  considerable  size 
(Fig.  125,  ?•').  The  use  of  these  is  not  certainly  known.  Then-  glandular 
aspect,  and  the  distribution  of  arterial  branches  over  their  surface,  joined 
with  the  peculiar  character  of  the  fluid  found  in  them,  have  caused  them 
to  be  regarded  as  secreting  organs,  destined  to  puiify  the  circulating 
fluid  ;  and  it  has  been  thought  probable  that  they  are  really  Kidneys. 

240.  The  complete  restriction  of  the  circulating  current  to  the  proper 
vascular  system,  to  which  we  have  seen  that  the  higher  Cephalopoda  pre- 


FiG.  126. 


Anatomy  of  the  Circulating  apparatus  and  other  viscera  of  a  Fish; — a,  auricle;  a'  ventricle; 
a",  bulbous  dilatation  of  the  branchial  trunlr  c;  b,  sinus  veuoaus;  b',  trunk  and  sinus  of  the 
cephalic  veins;  b"  b",  great  venous  trunks  from  the  locomotive  organs;  4"',  venous  trunks  fi'om 
the  digestive  organs,  Uver,  kidneys,  generative  apparatus,  and  air-bladder;  c,  branchial 
artery,  giving  oil'  a  branch  to  each  branchial  arch;  d,  branchial  veins,  whose  union  forms  the 
aortic  trunk  that  suppUes  the  body  with  arterial  blood,  the  head  and  heart  being  suppUed  by 
arteries,  d'  d',  which  originate  immediately  in  the  branchial  veins ;  e,  visceral  branch  of  the 
aorta;  e',  spinal  trunk,  supplying  the  apparatus  of  locomotion;  1,  oesophagus;  2,  stomach; 
3,  pancreatic  ciEca;  4,  small  mtcstine ;  5,  large  intestine  and  rectum;  6,  liver;  7,  renal  organs; 
8,  urinary  l)ladder;  9,  organs  of  generation ;  10,  swimming  bladder. 

A,  Diagram  of  the  Heart,  to  show  the  course  of  the  blood  through  it ;  the  references  as  above. 


sent  a  near  approximation,  is  one  of  the  typical  distinctions  of  the  Yer- 
tebrated  series,  throughout  which  it  universally  prevails.    For  in  no 
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instance  does  the  blood,  in  any  part  of  its  coui-se,  escape  into  the  general 
cavity  of  the  body,  or  diffuse  itself  interstitially  among  the  tissues;  the 
introduction  of  fresh  nutrient  materials  into  the  circulating  cun-ent,  is  no 
longer  accomplished  by  transudation  through  the  waUs  of  the  alimentary 
canal  into  the  surrounding  space,  but  is  effected  by  absorbent  vessels  dis- 
tributed upon  its  lining  membrane  (§  182)j  and  a  special  system  of  vessels 
IS  also  provided  for  the  re-absorption  of  any  superfluous  nutritive  materials, 
that  may  have  remained  unappropriated  by  the  tissues  into  which  they 
have  transuded  from  the  capillary  network  (§  183).— In  other  respects, 
we  pass  from  the  higher  Cephalopods  to  Fishes  without  any  marked 
alteration  in  the  type  of  the  Circulating  apparatus;  save  that  which  is 
involved  in  the  higher  provision  here  made  for  the  aeration  of  the  blood. 
The  single  ventricle  of  the  heart  (Fig.  126,  a'),  the  cavity  of  which  pos- 
sesses firm  muscular  parietes,  propels  the  blood  at  once  to  the  ^s, 
through  an  arterial  trunk  (c),  which  presents  a  bulbous  enlargement  {a") 
at  its  origin;  this  hulbus  arteriosus,  as  it  is  termed,  will  be  hereafter 
shown  to  exist  at  an  early  period  of  development  in  the  higher  Yerte- 
brata,  and  to  conduce  towards  the  formation  of  the  two  principal  trunks, 
which  are  subsequently  to  arise  from  the  heart  (§  256).  This  trunk  sub- 
divides into  four  or  five  branches  on  each  side  (a,  c',  c',  c',  c'),  which  run 
along  the  branchial  arches,  sending  ramifications  to  every  filament.  After 
being  thus  aerated,  the  blood  is  collected  by  the  branchial  veins,  d,  into 
the  great  systemic  artery  or  aorta,  which  then  distributes  it  to  the  dif- 
ferent organs  of  the  body ;  and  thence  it  is  returned  to  the  auricle  by  the 
systemic  veins  (6',  h",  h'"),  which,  before  entering  it,  unite  iu  a  large  dda/- 
tation,  the  sinus  venosus  (h). — The  circle  just  described  appears  simple  in 
character ;  but  it  possesses  one  peculiarity  which  is  worth  notice,  as  fore- 
shadowing more  important  modifications  in  higher  classes.  Two  or  three 
small  arteries  are  usually  seen  passing-off  from  the  brancliial  arches,  so 
as  to  convey  the  pure  aerated  blood  directly  to  the  head,  instead  of  trans- 
mitting it  to  the  general  systemic  trunk.  It  will  be  hereafter  shown  that 
a  similar  provision  exists  in  the  Crocodile,  and  has  a  very  important  pur- 
pose in  its  econojay ;  and  that  the  same  condition  is  manifested  up  to  the 
termination  of  the  embryo  state  of  the  higher  Yertebrata,  including  the 
Human  species. — Of  the  blood  which  is  being  returned  by  the  veius  from 
the  systemic  capillaries,  a  part  is  diverted  into  another  channel  before 
reaching  the  heart ;  for  the  veins  of  the  digestive  and  generative  organs, 
together  with  a  part  of  those  proceeding  from  the  posterior  part  of  the 
body  and  tail,  reunite  into  trunks  which  convey  the  blood  to  the  liver 
and  kidneys;  and  it  is  minutely  distributed  through  these  organs,  in 
order  that  it  may  undergo  purification  by  the  elimination  of  their  respec- 
tive secretions.  After  this  process  has  taken  place,  the  blood  is  conveyed 
to  the  heart  by  the  hepatic  and  renal  veins,  which  enter  the  vena  cava, 
or  proceed  direct  to  the  sinus  venosus.  Thus  the  portal  circulation,  as  it 
is  termed,  holds  precisely  the  same  relation  to  the  general  circulation  in 
Fishes,  as  did  the  respiratory  circulation  in  the  Crustacea  and  the  inferior 
MoUusca ;  being  interposed,  for  the  purification  of  the  blood  which  has 
circulated  through  the  system,  between  a  part  of  its  capillaries  and  the 
heart, 

241.  The  foregoing  is  the  general  plan  upon  which  the  Circulating 
apparatus  of  Fishes  is  constructed;  but  there  are  some  remarkable  de- 
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upon  tne  vascular  w uiiJ5-^.    ^.^^^  -^^     ^  x 

heart  (Fig.  127,  ov),  wliich  corresponds  m  its  position  to  the 

Fig.  127. 


Diaeram  of  the  Anatomy  of  Amphioxus  or  Bnmchioatoma  (Lanoelet) ;— cA,  ch,  chorda  dor- 
salis-  «  n,  fibro-membranous  waU  of  nem-al  canal;  ol,  olfactory  capsule;  op,  optic  nerve; 
ob  trigeminal  nerves;  md, neural  axis ;  Su,  branchial  vein ;  ia,  branchial  artery;  /  hepa- 
tic ctecum,  opening  at  kb;  py,  cardiac  orifice  ;  h,  renal  organ;  y,  caudal  extremity  ot  neural 
a-ds;  as,  anus  ;  it,  intestine ;  od,  abdominal  pore ;  ov,  cardiac  sinus ;  r,  r,  r,  dilated  oesophagus, 
with  branchial  fissures;  ph,  pharyngeal  orifice;  n,  g,  vascular  mtra-buccal  processes;  h,  carti- 
laginous arch,  supporting/,/,  the  ciliated  labial  tentacula. 

higher  Fishes ;  but  there  is  also  a  minute  contractile  bulb  at  the  origin 
of  each  branchial  artery,  so  that  there  are  from  twenty -five  to  fifty  of 
these  bulbs  on  either  side.    The  arterial  arches,  also,  at  the  anterior  ex- 
tremity of  the  body,  appear  to  be  contractile.    The  venous  system,  too, 
is  famished  with  its  own  pulsatile  dilatations ;  for  a  venous  heart  is 
developed  upon  the  vena  cava  or  great  dorsal  vein,  and  another  upon  the 
trunk  of  the  vena  portae,  which  runs  along  the  ventral  side  of  the  intes- 
tine.— Some  traces  of  a  similar  arrangement  may  be  seen  in  other  Fishes, 
especially  in  those  of  the  Oai-tilaginous  group.    Thus  in  Myxine  there  is 
a  portal  heart,  which  contracts  regularly,  and  assists  in  maintaining  the 
portal  circulation ;  in  Ghimcera,  which  has  no  bulbus  arteriosus,  each  of 
the  pair  of  large  ai-teries  given  off  from  the  aorta  to  the  pectoral  fins,  has 
a  contractile  bulb  at  its  origin;  and  a  pulsating  dilatation  is  found  at  the 
extremity  of  the  tail  of  the  Uel,  where  it  receives  the  blood  from  the 
delicate  veins  of  the  end  of  the  caudal  fin,  and  propels  it  into  the  caudal 
vein. — There  is  another  set  of  modifications,  however,  in  the  Circulating 
apparatus  of  Fishes,  which  conducts  us  towards  the  Reptilian  type.  For 
there  are  numerous  instances  in  which  the  filaments  on  one  or  more  of 
the  branchial  arches  remain  undeveloped ;  so  that  the  artery  of  that  arch, 
instead  of  subdividing  into  capillaries,  carries-on  the  blood  at  once  into 
the  aorta ;  and  thus  the  fluid  transmitted  through  that  trunk  to  the 
system  has  only  in  part  undergone  aeration,  the  head,  however,  being 
always  supplied  with  pure  arterial  blood  from  the  branchial  veins.  Con- 
currently with  this  change,  we  find  some  provision  for  atmospheric  respi- 
ration; either  in  the  advanced  development  of  the  air-bladder  into  a 
rudimentary  lung,  to  which  air  gains  access  through  a  tracheal  canal,  as 
in  the  Lepidosteus  and  Fobjpterus,  the  two  existing  representatives  of  the 
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great  Sam-oid  famCy  so  abundant  in  the  earlier  periods  of  the  Earth's 
histoiy ;  or  in  the  development  of  peculiar  organs,  analogous  to  these  in 
timction,  but  not  homologous  in  stnicture,  being  saccular  prolongations  of 
the  linmg  membrane  of  one  of  the  gill-chambers,  such  as  are  found  in  the 
t'uchia,  an  jjel-hke  fish  of  the  Ganges,  and  in  some  others  of  the  same 
tnbe  307).  The  blood  is  sent  to  these  pulmonary  organs  by  prolonga- 
tions of  the  brancliial  arteries,  and  is  returned  from  them  in  an  aerated 
state  into  the  aorta.  In  some  of  the  Fishes  whose  Keptilian  affinities  are 
the  greatest,  there  is  a  slight  indication  of  that  subdivision  of  the  bulbus 
arteriosus  into  two  distinct  trunks,  which  takes  place  during  the  develop- 
ment of  higher  animals  (§  258). 

242.  Quitting  now  those  classes  which  are  modified  for  existing  in 
water,  and  passing-on  to  the  air-breathing  Yertebrata,  we  find  that  very- 
important  modifications  of  the  Circulating  system  are  necessaiy,  to  adapt 
these  animals  to  the  conditions  of  atmospheric  respiration.  It  is  evident 
that  the  blood  will  be  aerated  much  more  rapidly  when  exposed  to  the  air 
itself,  than  when  merely  submitted  to  the  small  quantity  which  is  diffused 
through  the  watery  element.  If,  therefore,  the  whole  amount  of  the  ck- 
culating  fluid  be  thus  exposed,  the  changes  which  it  undergoes  will  be 
performed  with  such  increased  energy,  that,  if  the  other  vital  processes  be 
made  to  conform  to  them,  a  '  warm-blooded '  animal  is  produced  at  once. 
But  as  Reptiles  are  intended  to  lead  a  life  of  comparative  inertness,  and  to 
exist  in  circumstances  which  would  be  fatal  to  animals  of  higher  organiza- 
tion, the  respiratory  process  is  reduced  in  amount,  by  the  peculiar  arrange- 
ment of  the  sanguiferous  system  now  to  be  described.  The  ventricle  of 
the  heart  is  either  single  (which  is  the  case  in  Batrachia)  or  it  is  divided 
by  an  imperfect  septum  (as  in  most  of  the  higher  orders),  so  that  the 
blood  which  is  poured  into  it  from  its  two  sides  can  mingle  more  or  less 
freely  in  its  cavity.  From  this  ventricle  (Fig.  128,  a)  a  single  trwnms 
arteriosus  is  given  off,  which  distributes  the  blood,  by  a  series  of  arches 
{d,  d')  very  closely  resembling  the  branchial  arches  of  Fish, — ^partly  to 
the  system,  through  the  cephalic  and  brachial  arteries  (e,/)  which  come 
off  from  the  first  and  second  branchial  arches,  and  through  the  aoria 
{g,  g')  which  is  formed  by  the  union  of  the  second  paii-  with  branches  from 
the  third, — and  partly  to  the  lungs  through  the  pulmonary  arteries  {Ji,  Ji/). 
In  some  of  the  higher  Reptiles,  the  pulmonary  and  systemic  trunks  are 
kept  distinct  at  their  origin,  by  the  division  of  the  '  truncus  arteriosus,' 
the  former  arising  from  the  right,  and  the  latter  from  the  left  side,  of 
the  partially-divided  ventricular  cavity ;  still  the  general  appearance  of 
branchial  arches  is  preserved ;  and  a  part  of  the  blood  expelled  by  each 
contraction  of  the  ventricle,  is  sent  to  supply  the  requirements  of  the 
nutritive  system,  and  a  part  is  separated  for  aeration.  The  pure  arte- 
rialised  blood  which  returns  fi'om  the  lung  by  the  pulmonary  veins  (s)  is 
conveyed  to  the  left  auricle  (c) ;  whilst  the  venous  blood  which  is  trans- 
mitted by  the  systemic  veins  [q,  r)  enters  the  right  (6);  hence  these  two 
auricles  are  not  repetitions  of  one  another,  but  have  distinct  functions. 
Both  empty  themselves  into  the  ventricle,  in  which  the  blood  derived 
from  these  different  sources  is  mixed,  and  from  which  one  part  is  again 
sent  to  the  body,  and  another  transmitted  to  the  lungs  (i).  The  portal 
system  of  Reptiles  corresponds  with  that  of  Fishes,  in  the  circumstance 
that  the  kidneys  are  supplied  by  it  with  venous  blood,  as  well  as  the 
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liver:  and  also  in  deriving  part  of  its  supply  from  the  veins  of  the  tail, 
posterior  extremities,  and  genital  organs,  instead  of  (as  m  higher  animals) 
from  the  veins  of  the  diges- 
tive organs  alone.    The  de-  Fra.  128. 
gree   in  ■which  the  renal, 
hepatic,  and  portal  circula- 
tions are  united,  however, 
and  in  which  they  are  sup- 
plied from  the  systemic  veins, 
differs  considerably  in  the 
several  orders;  the  closest 
approximation     to  Fishes 
being  presented  (as  might 
be  anticipated)  in  the  order 
Batrachia 

243.  Although  the  fore- 
going may  be  regarded  as 
the  general  type  of  the  Cir- 
culating apparatus  in  the 
class  of  Reptiles,  yet  there 
are  some  very  curious  mo- 
difications of  it,  some  ot 
which  connect  it  very  closely 
with  that  of  Fishes,  and 
others  with  that  of  Birds 
and  Mammals.  The  former 
are  shown  in  the  several 
genera  of  Perennibranchiate 
Amphibia  (§  299),  which 
present  us  with  a  very  com- 
plete series  of  transitional 
forms  connecting  the  two 
classes ;  and  also  in  the  pro- 
gress of  the  metamorphosis 
of  the  Batrachia,  which  in 
their  tadpole  or  larva  con- 
dition must  be  regarded  as 
Fishes  in  every  essential 
particular  of  their  organiza- 
tion. Their  circulation  is 
for  a  time  performed  exactly 
upon  the  same  plan  as  in 
that  class;  the  blood  being 
transmitted  from  the  simple 
bilocular  heart  to  the  bran- 
chial arches,  then  being  pro- 
pelled through  the  branchial 
filaments,  and  after  aeration 
being  circulated  through  the 

system.  The  mode  in  which  the  transition  is  effected  from  this  condition  of 
the  vascular  organs,  to  that  which  they  present  in  the  perfect  Reptile  state 

s  2 


Circulating  Apparatus  of  Lizard : — a,  single  ventricle ; 
h,  right  auricle;  c,  left  auricle;  d  d',  right  and  left  aortic 
arches ;  e,  carotid  artery  ;  f,  brachial  artery ;  q,g',  ventral 
aorta ;  h,h' ,  pulmonary  arteries ;  i,  lung  ;  k,  stomach ; 
I,  intestine;  in,  liver;  n,  Iddney:  o,  vena  portaj;  p,  gastric 
vein;  <i,  vena  cava  ascendens;  r,  vena  cava  descendena; 
8,  pulmonary  veins. 
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of  the  animal,  described  in  the  prececUng  paragi-aph,  will  be  rendered  intel- 
ligible by  the  accompanying  figiu-es.   In  Fig.  129  is  seen  the  arrangement 


Fig.  129. 


Respiratory  Circiilation  of  the  Tailpole  in  its  first  state:— a,  arterial  bulb,  giving  oil' 
three  paars  of  branchial  arteries,  i,  to  supply  the  gills,  fci,  ja,  js,  from  which  return  the 
branchial  veins,  e  e;  by  the  union  of  the  second  and  third  of  these  are  formed  the  two  arches,  d  d, 
which  coalesce  to  form  the  aortic  tninli  e;  from  the  first  pair  are  given  off'  the  cephalic 
arteries,/,/;  and  another  trunk,  g,  is  derived  on  each  side  from  the  aortic  arch;  h,  h,  pulmo- 
nary arteries  as  yet  rudimentary;  between  the  branchial  arteries  and  their  respective  veins, 
at  the  base  of  the  gills,  are  minute  inosculating  twigs,  the  position  of  which  is  better  seen  in 
the  succeeding  figures. 

of  the  parts  before  the  metamorphosis  has  commenced.  Three  branchial 
trunks  (6)  pass  off  on  each  side  of  the  heart,  terminating  in  a  minute 
capillary  network  which  is  contained  in  the  branchial  arches  (6\  6  ^,  6 
and  by  which  the  blood  is  aerated  duiing  the  aquatic  existence  of  the 
animal  ]  from  this  network  the  returning  vessels  take  their  origin,  which 
unite  into  trunks  (c,  c),  one  for  each  gill ;  and  of  these  the  fii-st  gives  off 
the  main  arteries  (/  /)  to  the  head,  while  the  second  and  third  unite  into 
the  two  trunks  {d,  d)  which  coalesce  to  form  the  great  systemic  artery  (e), 
as  in  Fishes.  But,  besides  these  vessels,  there  are  some  small  undeveloped 
branches,  which  establish  a  commimication  between  each  branchial  artery 
and  the  returning  trunk  that  corresponds  with  it.  There  is  also  a  fourth 
small  trunk  given  off  from  the  heart,  which  unites  with  another  small 

branch  from  the  aorta, 
Fig.  130.  to  form  the  pulmonary 

arteries  {h,  h)  which  are 
distributed  upon  the 
(as  yet)  rudimentary 
lungs.  After  the  meta- 
morphosis has  begun, 
however,  by  which  the 
animal  from  a  Fish  has 
to  be  converted  into  a 
Reptile,  the  branches 
(Fig.  130,  I,  2,  3)  that 
connect  the  arteries  of 
the  gUls  with  theii' 
returning  tnmks  are 
much  increased  in  size, 
so  that  a  large  part  of 
the  blood  flows  conti- 
nuously throtigh  them  without  being  sent  to  the  gills  at  all,  and  the 


The  same  in  a  more  advanced  state ;  the  communicating  twigs, 
1,  2,  3,  as  well  as  the  pulmonary  arteries,  k,  7t,  being  now  greatly  en- 
larged in  proportion  to  the  branchial  vessels. 
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Fig.  131. 


The  same  in  the  perfect  Frog;  the  vessels  of  the 
branchiseii,      b^,\jemg  now  atrophied,  the  com- 


u     „l,;.l  ,,Mwla  W  5=  i'l  are  themselves  relatively  diminislied ;  whilst  at 
^U^eI^lnnt:Ly  trunks  (/,  /.),  which  were  before  the  smallest, 
become  the  largest,  so  that  an 
increased    proportion    of  blood 
is  sent  to  the  Imigs.    By  a  con- 
tinuance of  these  changes,  the  bran- 
chial vessels  gi-adually  become  ob- 
literated, and  the  communicating 
branches,  which  were  at  first  like 
secondaiy  or  irregular  channels,  now 
form  part  of  the  continuous  line  of 
the  circulation  (Fig.  131);  the  upper 
one  sending  off  the  cephalic  vessels, 
the  second  and  third  uniting  to 
supply  the  trunk,  and  the  fourth 
passing  as  before  to  the  lungs.— 
Turning  fi-om  these  to  the  Ferenni- 
branchiata,  we  find  in  the  Lejndo- 
siren  a  plan  of  circulation  but  little 
elevated  above  that  which  has  been 
just  described  as  existing  in  certain 

Fishes  that  present  approximations  „    _  _ 

to  the  Reptilian  class.    The  ventri-  municatTnVtmgsi.isrnow  become 

1  „„^+„  c^Tirrlo  nnrl  o-ivpinff"  channels  for  the  direct  passage  of  the  blood  from 
Cular  cavity  is  single,  and  gives  on   ^^^^^^^j^i^  arteries  to  the  cephalic  vessels/,  ^r,  the 

but  one   primary   trunk,   which  is   aortic  arches  d,  a,  and  the  puhnonary  artenes  h,  h. 

furnished  with  a 'bulbus  arteriosus.' 

This  trunk  subdivides  into  six  paii'S  of  branchial  arteries;  of  which  the 
1st,  4th,  5th, and  6th  are  distributed  to  the  branchial  fringes;  whHst  the 
2nci  and  3rd  are  not  thus  distributed,  their  arches  having  no  giUs  attached 
to  them,  but  reunite  to  form  the  aortic  trunk,  first  giving  ofi",  however,  the 
pulmonary  arteries.    Thus  the  blood  which  finds  its  way  into  the  aorta, 
consists  partly  of  that  which  has  been  aerated  in  the  branchijB,  and  partly 
of  that  which  has  passed  to  it  direct  from  the  heart.    But  that  which  is 
transmitted  from  the  heart  is  itself  of  mixed  quality,  as  in  Reptiles ;  for  the 
ptdmonary  vein  passes  through  the  systemic  auricle,  and  discharges  itself 
directly  into  the  ventricle,  where  its  aerated  blood  is  mingled  with  that 
retm-ned  by  the  systemic  veins. — In  the  Proteus,  the  arrangement  of  the 
vascidar  system  permanently  resembles  that  which  has  been  represented 
as  intermediate  between  the  larva  and  the  perfect  condition  of  the  Frog. 
This  animal  is  provided  with  lungs  slightly  developed,  as  well  as  with 
permanent  gills;  and  the  blood  which  is  expelled  from  the  ventricle  is 
partly  transmitted  through  the  gills,  partly  finds  its  way  directly  into  the 
aorta  by  means  of  the  communicating  branches,  while  a  small  quantity  is 
transmitted  to  the  lungs ;  the  latter  is  returned  perfectly  arterialised  to 
the  auricle  here  developed  upon  the  pulmonary  vein,  and  is  afterwards 
mixed  in  the  ventricle  with  the  venous  blood  transmitted  from  the  sys- 
temic auricle. 

244.  In  many  of  the  higher  Reptiles,  on  the  other  hand,  we  find  the 
cavity  of  the  ventricle  more  or  less  perfectly  divided  into  two,  and  the 
pulmonary  circulation  more  completely  separated  from  the  systemic. 
Thus,  in  the  Lacerla  ucellata  (spotted  lizard),  whose  ventricle  is  partly 
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venoufir  f^  *^^lf!l'^^°^^^^•y  ^xiiuks,  so  that  a  largo  proportion  of  the 

into  f  C  1  1  %  ''"^""'"'^  *°  ^^^"^  pulmonaiy  auricle,  Is  discharged 
ooP^      A  ?  ventricle,  from  which  the  .ystenuc  axteries  pro- 

ceeo.  As  long  as  there  is  any  dii-ect  communication,  however,  between 
the  two  sides  of  the  heart,  it  is  obvious  that  a  part  of  the  blood  retui-ned 
trom  the  systemic  veins  may  be  sent  immediately  into  the  aortic  tniuks 
without  being  previously  arterialised;  whilst  in  proportion  to  the  degree 
in  which  the  septum  is  complete,  will  be  the  approach  of  the  am^mal 
towards  the  condition  of  the  warm-blooded  Yertebrata.  The  distiibution 
ot  tiie  vessels  has  a  considerable  effect  upon  the  character  of  the  fluid 
with  which  individual  organs  are  suppUedj  for  in  ReptUes  which  mani- 
test  this  separation  to  a  considerable  extent,  a  part  of  the  blood  trans- 
mitted to  the  system  has  still  a  venous  chai-acter,  whilst  that  which  is 
hirnish^l  to  the  brain  and  upper  part  of  the  body  is  pui-ely  arterial, 
llus  difterence  arises  from  the  fact,  that  of  the  two  arches  which  unite 
to  form  the  aortic  trunk,  one  is  connected  with  the  right  and  the  other 
Avith  the  left  side  of  the  ventricle;  the  latter  receives  chiefly  the  arterial 
blood  from  the  left  or  pidmonaiy  auricle,  and  this  gives  off  branches  wHch 
convey  it  without  admixture  to  the  head ;  while  the  main  trunk  passes 
on  to  unite  with  the  second  aortic  arch,  which  arises  from  the  right  side  of 
the  heart,  and  which  is  consequently  supplied  chiefly  with  venous  blood, 
that  has  been  brought  back  from  the  system  into  the  right  amicle.  This 
second  arch,  before  its  union  with  the  first,  however,  gives  off  a  large 
branch,  which  is  distributed  to  the  intestines  and  other  viscera,  and  which, 
therefore,  contains  venous  blood  with  little  admixture  of  arterial ;  and 
the  common  aortic  trunk,  formed  by  the  union  of  the  two  arches,  conveys 
mixed  arterial  and  venous  blood  to  the  remainder  of  the  trunk  and  mem- 
bers. It  is  beautiful  to  observe  how  by  these  simple  contrivances  the 
greatest  economy  of  material  is  obtained,  whilst  each  organ  is  sui5plied 
with  blood  sufficiently  oxygenated  to  maintain  its  functions. — The  Croco- 
dile presents  us  with  a  condition  of  the  vascular  system  still  more  alhed 
to  that  of  warm-blooded  Yertebrata;  the  ventricular  septum  being  com- 
plete, and  the  circulation,  as  far  as  the  heart  is  concerned,  being  timly 
double.  Still,  however,  whilst  the  princii^al  aortic  trunk  arises  from  the 
left  ventricle,  which  contains  nothing  but  arterialised  blood,  a  second 
arch  arises  from  the  right  (or  venous  side)  along  with  the  i^ulmonaiy 
artery,  of  which  it  might  almost  be  considered  a  branch ;  and  this,  after 
giving  off  its  intestinal  branches,  enters  the  first  trunk,  which  has  already 
furnished  the  cerebral  arteries  vsdth  pure  arterial  blood,  and  transmits 
the  mixed  fluid  to  the  rest  of  the  system.  There  is  another  communi- 
cation between  the  trunks  arising  from  the  two  sides  of  the  heart,  by 
means  of  an  ajDerture  which  passes  thi-ough  their  adjoining  walls  just 
after  their  origin ;  so  that  although  the  blood  in.  the  heart  is  entirely 
venous  on  one  side  and  arterial  on  the  other,  it  undergoes  admixture  in 
the  vessels  according  to  the  character  of  the  functions  to  which  it  is  to 
minister.  We  shall  j)resently  see  a  remarkable  analogy  to  this  distribu- 
tion of  the  vascular  system,  exhibited  in  the  foetal  contlition  of  Birds  and 
Mammals  (§  258). 

245.  In  the  highest  form  of  the  Circulating  system,  that  possessed  by 
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Fig.  132. 


the  'warm-blooded'  Vertebrata,  Birds  and  Mcmiimds  theve     a  complete 
double  circulation  of  the  blood  ;  each  portion  of  it,  which  has  parsed 
throuc^h  the  capillaries  of  the  system,  being  aerated  in  the  lungs,  before 
bei^^ac^ain  distributed  to  the  body.    This  is  effected  by  a  form  of  the 
vascula?  apparatus,  of  which  a  sketch  was  pre- 
sented in  the  Cephalopoda  (§  239),  and  to  which  a 
near  approach  is  exhibited  by  the  higher  Reptiles. 
The  heart  consists  of  four  cavities,  two  auricles 
and  two  ventricles  ;  those  of  the  right  or  venous 
side  having  no  direct  communication  with  those  of 
the  left  or  arterial  side ;  and  the  vessels  proceecUng 
from  them  being  entirely  distinct,  and  having  no 
connection  whatever,  except  at  their  capillary 
terminations.  The  blood  transmitted  by  the  great 
veins  of  the  system  to  the  right  auricle  or  re- 
ceiving cavity,  passes  into  the  ventricle  or  propel- 
ling cavity,  and  is  transmitted  by  it  through  the 
pulmonary  arteries  to  the  lungs  of  the  two  sides. 
After  being  there  arterialised  by  exposure  to  the 
atmosphere,  it  is  brought  back  to  the  left  auricle ; 
and  having  been  poured  by  it  into  the  correspond- 
ing ventricle,  is  transmitted  through  the  great 
systemic  artery  or  aorta  to  the  most  distant 
parts  of  the  body  (Fig.  132).  The  heart  is  there- 
fore completely  duplex  in  structure,  and,  so  far  as 
its  functions  are  concerned,  might  be  regarded 
as  consisting  of  two   distinct   portions;  for 
economy  of  material,  however,  these  are  united, 
the  partition  between  the  ventricles  serving  as  the 
wall  to  each.    In  the  Dugong  (one  of  the  aquatic 
Pachyderniata),  however,  the  heart  is  bifid  at  its 
apex,  and  thus  presents  a  partial  division  into 
two  separate  organs,  not  only  functionally  but 
structurally. — The  portal  circulation  is  limited  in 
Mammalia  to  the  liver,  the  kidneys  being  sup- 
plied with  arterial  blood  only.  In  Birds,  however,  we  find  a  trace  of  that 
arrangement  of  tliis  peculiar  ofiset  from  the  general  circulation,  which 
has  been  pointed-out  as  existing  in  Reptiles  and  Fishes ;  for  the  great 
portal  tnmk  receives  its  blood,  not  only  from  the  veins  of  the  digestive 
apparatus,  as  in  Mammalia,  but  also  by  branches  from  those  of  the  pelvis 
and  posterior  extremities ;  and  it  still  communicates  with  the  renal  circu- 
lation, although  this  connecting  branch  seems  rather  destined  to  convey 
blood  from  than  towards  the  kidney. 

246.  Various  peculiarities  in  the  distribution  of  the  sanguiferous 
system,  which  are  presented  by  different  orders  of  Birds  and  Mammals, 
would  be  worthy  of  notice  if  our  limits  permitted.  Of  these,  one  of  the 
most  remarkable  is  the  modification  both  of  the  venous  and  arterial 
trunks,  existing  in  the  Cetacea  and  other  diving  animals,  which  are  occa- 
sionally prevented  fi-om  respiring  for  some  time,  and  in  which,  therefore, 
the  arterialisation  of  the  blood  Is  checked.  Yarious  arteries  of  the  trunk 
are  here  found  to  assume  a  ramified  and  convoluted  form,  so  that  a  large 


Diagram  of  the  Circulating  ap- 
paratus in  Mammals  and  Hirds: 
— a,  the  heart,  containing  four 
cavities;  6,  vena  cava,  dehvering 
venous  blood  into  e,  the  right 
auricle;  d,  the  right  ventricle 
propelMng  venous  blood  through 
e,  the  pulmonary  artery,  toy,  the 
capillaries  of  the  lungs;  g,  the 
left  auricle,  receiving  the  aerated 
blood  from  the  pulmonary  vein, 
and  delivering  it  to  the  left 
ventricle,  h,  which  propels  it, 
through  the  aorta,  i,  to  the  sys- 
temic cajiDlaries,  _y,  whence  it  is 
collected  by  the  veins,  and  car- 
ried back  to  the  heart  through 
the  vena  cava,  h. 
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quantity  of  b  ood  may  be  retained  in  the  reservoirs  formed  by  these- 
plexuses;  whilst  the  venous  trunks  exliibit  similar  dilatations,  capable  of 
being  chstended  with  the  blood  which  has  been  transmitted  through  the 
system  so  as  to  prevent  the  heart  from  being  loaded  with  the  impure  fluid 
whilst  the  lungs  have  not  the  power  of  arterialising  it.  In  some  diving 
animals,  this  object  is  effected,  not  so  much  by  a  number  of  venous 
plexuses,  as  by  a  single  great  dilatation  of  the  vena  cava  before  it  enters 
the  heai-t,  resembUng  the  'sinus  venosus'  of  Fishes.— In  other  instances 
the  force  with  which  the  blood  is  sent  to  particular  organs  seems  to  be 
puriDosely  diminished,  by  the  division  of  the  trunk  that  conveys  it,  into  a 
number  of  smaller  vessels,  which,  after  a  tortuous  course,  unite  again  and 
are  distributed  m  the  usual  manner.  A  structure  of  this  kind  is  found  in 
the  arteries  of  the  long-necked  grazing  animals,  to  which  the  blood  would 
be  transmitted  with  too  great  an  impetus,  owing  to  the  additional  in- 
fluence of  gravitation,  were  it  not  retarded  by  such  a  contrivance.  A 
similar  distribution  of  the  arteries  is  found  in  the  trunks  supplying  the 
limbs  of  the  Sloths,  and  of  other  animals  which  resemble  them  in  tardi- 
ness of  movement.  In  other  cases,  the  arterial  canals  are  specially  pro- 
tected from  compression  by  suiTounding  organs,  in  order  that  there  may 
be  no  obstruction  to  the  passage  of  blood  through  them,  and  that  they 
may  be  guarded  from  injuiy;  thus,  in  the  fore-leg  of  the  Lion,  where  all 
possible  force  and  energy  is  to  be  attained,  the  main  artery  is  made  to 
pass  through  a  perforation  in  the  bone,  as  if  to  secure  it  from  the  pres- 
sure of  ^  the  rigid  muscles,  wliich,  when  in  a  state  of  contraction,  might 
otherwise  altogether  check  the  cuiTent  through  it.  In  most  Mammals, 
as  in  Man,  the  right  anterior  extremity  is  more  directly  supjDlied  with 
blood  from  the  aorta  than  the  left;  so  that  the  superior  strength  and 
activity  of  this  limb  would  seem  to  be  not  altogether  the  result  of  habit 
and  education,  as  some  have  supposed;  in  Birds,  however,  where  any 
inequality  in  the  powers  of  the  two  wings  would  have  prevented  the 
necessary  regularity  in  the  actions  of  flight,  the  aorta  gives  off  its 
branches  to  the  two  sides  with  perfect  equality.  Some  further  pecu- 
liarities in  the  distribution  of  the  arterial  system  will  be  hereafter 
noticed  (§  263). 

247.  Having  now  traced  the  Sanguiferous  system  to  its  highest  form, 
it  is  proper  to  inquii-e  how  far  this  differs  functionally  from  that  simple 
condition  which  it  presents  in  the  lowest  tribes  in  which  it  has  any  dis- 
tinct existence.  There  can  be  no  doubt  that,  in  the  higher  animals  pos- 
sessed of  a  distinct  muscular  heart,  this  is  the  chief  agent  in  keepiug-up, 
by  its  successive  contractions  and  dilatations,  the  motion  of  the  blood 
through  the  vessels.  But  a  careful  survey  of  all  the  phenomena  of  the 
circulation  would  seem  to  lead  to  the  conclusion,  that  the  impulse  of  the 
heart  is  not  the  only  means  by  which  the  motion  of  the  blood  is  sustained ; 
but  that  an  additional  impulse  is  given  by  the  contraction  of  the  muscular 
walls  of  the  arteries,  upon  the  jets  of  blood  successively  impelled  into 
them  by  the  heart ;  and  that  the  changes  which  this  fluid  undergoes  in 
the  capillaries  have  some  share  in  its  jsroduction,  and  have  at  any  rate  a 
very  considerable  modifying  effect  upon  the  quantity  transmitted  through 
the  individual  organs.  We  have  seen  that  in  Vegetables  the  laticiferous 
circulation  is  entirely  caioillary ;  that  in  the  Holotliima  there  is  no  central 
contractile  organ  which  seems  jDowerful  enough  to  impel  the  blood  through 
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•xll  the  minute  ramifications  of  its  vascular  system ;  whilst  even  in  thj 
Wit  ZSulata,  and  in  all  Mollusca  save  the  Cephalopods  so  large  a  part 
the  sv^te^c  ci  -culation  is  '  lacunar,'  that  it  seems  impossible  to  imagine 
that  the  actTon  of  the  heart  can  urge  the  blood  through  the  branchia 
veis'vhth  succeed.  Some  more  'diffused'  forces,  therefore,  would 
leem  o  bet  operation;  and  the  following  are  among  the  facte  whxch 
applr  to  support  the  conclusion,  that,  even  in  the  highest  anima  s  these 
S  'enerSrce^  are  not  obliterated,  but  are  merely  superseded  by  the 
Tetf  of  the  s^ec^L  organ,  which  is  developed  as  the  centre  of  the  whole 
chciMon,  ani which  fs  endowed  with  an  amount  -{l^^^^^^^fj^ 
govern  and  harmonise  the  numerous  actions  going-on  in  different  parts 

"'"^rin'many  warm-blooded  Vertebrata,  and  still  more  in  the  cold- 
blooded Eeptilei  (amongst  which  the  vitaUty  of  ^^^^ivid^al  pa^s  mu^^ 
longer  survives  injury  to  the  general  system),  motion  of  blood  in  the 
capillaries  has  been  seen  to  continue  for  some  time  after  the  heart  has 
ceased  to  act  or  has  been  removed,  or  after  the  great  vessels  have  been 
tied:  and  this  motion  maybe  immediately  checked  by  certain  applica- 
tions to  the  parts  themselves.    After  most  kinds  of  slow  natural  death, 
the  arterial  trunks  and  left  side  of  the  heart  are  found  to  be  almost  or 
even  completely  empty,  and  the  venous  cavities  to  be  full  of  blood.  ihis 
effect  has  been  ascribed  to  the  contraction  of  the  arterial  tubes  after  the 
heart  has  ceased  to  beat;  but  it  seems  impossible  that  it  can  be  entirely 
due  to  that  cause,  since  their  calibre  is  not  found  to  have  diminished  in 
a  proportional  degree;  it  must  be  partly  attributed  to  a  continuance  of 
the  capiUary  movement,  after  the  general  systemic  circulation  has  ceased. 
The  continuance  of  various  processes  of  secretion,  and  even  of  nutrition, 
subsequently  to  general  or  somatic  death,  affords  an  exceUent  proof  of  this 
lingering  vitaUty ;  and  it  is  scarcely  possible  that  these  can  be  maintained 
without  some  degree  of  capHlary  circulation.    There  are  certain  kinds  of 
sudden  death,  however,  in  which  the  vitality  of  the  whole  system  appears 
to  be  simultaneously  destroyed,  and  the  blood  remains  in  the  vessels  as  it 
was  at  the  moment  of  decease. — Further,  a  careful  examination  of  the 
cu'culation  in  the  living  animal  discloses  many  irregularities  in  the  rate 
of  the  capillary  currents,  which  it  is  impossible  to  attribute  to  an  influence 
derived  from  the  heart  or  from  the  vessels  that  supply  them;  and  such 
variations  may  present  themselves,  either  in  the  capillary  network  of  a 
part,  or  in  a  portion  of  it;  the  circulation  taking  place  with  diminished 
rapidity  in  one  spot,  and  with  increased  energy  in  another,  though  both 
ai-e  supplied  by  the  same  trunk.    The  change  sometimes  extends  to  a 
complete  reversal  of  the  direction  of  the  movement,  in  certain  of  the 
transverse  or  communicating  branches ;  this  movement  taking  place,  of 
course,  from  the  stronger  towards  the  weaker  current :  and  not  unfre- 
quently  an  entire  stagnation,  of  longer  or  shorter  duration,  precedes  the 
alteration  of  the  direction.    Irregularities  of  this  kind  are  most  frequent, 
when  the  heart's  action  is  enfeebled  or  partially  inteiTupted;   and  it 

*  It  has  beea  observed  by  Dr.  Bennett  Dowler,  that  in  the  bodies  of  individuals  who 
have  died  of  yellow  fever,  the  external  veins  frequently  become  so  distended  -with  blood 
within  a  few  minute.i  after  the  cessation  of  the  heart's  action,  that,  when  they  are  opened, 
the  blood  flows  in  a  full  stream,  as  in  ordinary  blood-letting.  ("New  Orleans  Med.  and 
Surg.  Joum.,"  Jan.,  1849.) 
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would  thus  appear  that  the  local  iufluences  by  which  they  are  produced 
are  overcome  by  the  propelling  power  of  the  central  organ,  when  this  is 
acting  with  Its  full  vigour.  When  the  whole  cm-rent  has  nearly  stac^nated 
and  a  tresh  impulse  from  the  heart  renews  it,  the  movement  is  seldom' 
uniform  through  the  entire  plexus  supplied  by  one  trunk;  but  is  much 
greater  m  some  of  the  tubes  than  in  others,— the  variation  being  in  no 
degi-ee  connected  with  their  size,  and  being  very  different  in  its  amount 
at  short  intervals. 

249.  Amongst  the  most  remarkable  proofs  of  the  influence  of  forces 
generated  m  the  Capillaiy  cii-culation,  on  the  general  distribution  of  the 
blood,  is  one  derived  from  the  observation  of  organs  which  undercro 
changes  m  activity  that  are  quite  independent  of  alterations  in  the  heart's 
action.  Thus,  when  the  uterus  begins  to  develope  itself  during  jjreoTiancy 
the  unusual  activity  of  its  nutritive  operations  induces  an  incre^ed  de- 
mand for  blood  in  its  capillary  cii-culatiou,  which  is  supplied  by  an  in- 
crease in  the  diameter  of  the  trunks  that  transmit  fluid  to  the  organ; 
and  this  is  entirely  independent  of  any  increased  energy  in  the  heart's 
action,  which  would  have  affected  the  whole  system  ahke.    The  same 
may  be  said  of  the  occasional  development  of  the  mammse  for  the  secre- 
tion of  milk;  of  the  rush  of  blood  through  these  organs  during  the  act  of 
suckling;  and  of  similar  changes  in  other  parts,  of  which  the  activity  is 
not  constant  or  uniform.    In  certain  diseased  states,  also,  of  particular 
portions  of  the  system,  which  do  not  occasion  any  appreciable  alteration 
in  the  heart's  action,  the  quantity  of  blood  sent  to  the  part  is  much  in- 
creased, and  the  pulsation  of  the  arterial  trunk  leading  to  it  is  evidently 
stronger  than  that  of  the  corresponding  vessels  on  the  outside  of  the  body. 
These  phenomena,  and  many  others  which  might  be  mentioned,  are  evi- 
dently analogous  to  one  formerly  stated  as  having  been  ascertained  by 
experiments  on  Plants  (§201);  and,  when  taken  in  connection,  they  seem 
to  indicate  without  much  doubt,  that  the  quantity  of  blood  sent  to  indi- 
vidual organs,  and  the  force  with  which  it  is  transmitted  through  them, 
are  augmented  with  any  increase  of  energy  in  the  vital  processes  taking 
place  in  them,  the  vis  d,  tergo  derived  from  the  impulsive  power  of  the 
heart  remaining  the  same. — Additional  evidence  of  the  influence  of  the 
forces  generated  in  the  capillaries,  on  the  general  circulation,  is  derived 
from  cases  in  which  the  normal  changes  to  which  the  cajiUlary  circulation 
ministers  are  suspended,  and  in  which  it  then  a2Dpears  that  the  heart's 
impulse  is  not  alone  sufficient  to  maintain  the  current  of  blood.    One  of 
the  most  conclusive  of  these  proofs  is  di-awn  fi-om  the  phenomena  of 
Asjjhyxia,  or  suffocation;  since  it  now  seems  distinctly  ascertained,  that 
the  check  given  to  the  circulation,  and  thence  to  all  the  other  fmictions, 
arises  from  the  stagnation  of  the  blood  in  the  cajDillaries  of  the  lungs, 
consequent  upon  the  cessation  of  the  reaction  between  that  fluid  and  the 
air.*    So  again,  cases  of  spontaneous  gangrene  of  the  lower  extremities 
are  by  no  means  of  unfrequent  occurrence,  in  which  the  local  stagnation 
of  the  circulation  has  been  clearly  dependent  upon  the  cessation  of  the 

*  For  a  fuller  discussion  of  this  part  of  the  subject  than  the  limits  of  this  treatise  per- 
mit, see  the  Author's  "Human  Physiology"  (§  575),  and  his  Article  on  Asphijxia  in  the 
"Library  of  Practical  Medicine."    See  also  the  very  conclusive  experiments  of  his  late 
valued  ftiend  Dr.  John  Reid,  in  the  "Edinb.  Med.  and  Surg.  Journal"  for  April,  1841; 
>nd  Dr.  Reid's  "Physiological,  Pathological,  and  Anatomiciil  Researches,"  chap.  ii. 
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uutrieiit  actions  to  which  it  was  subsei-vient ;  it  being  found,  by  examin- 
ation of  the  limb  after  its  removal,  that  both  the  larger  tubes  and  the 
capillaries  were  pervious  throughout,  so  that  no  mechanical  impediment 
existed,  to  prevent  the  propulsive  power  of  the  heart  from  transmitting 
the  blood  thi-ough  them.  The  influence  of  the  prolonged  application  of 
cold  to  a  part,  may  be  referred-to  in  support  of  the  same  general  proposi- 
tion; for  although  the  caHbre  of  the  vessels  is  diminished  by  tins  agent, 
yet  their  contraction  is  not  sufficient  to  account  for  that  complete  cessa^ 
tion  of  the  flow  of  blood  through  them,  which  precedes  the  entire  loss  of 
their  vitality. — A  periodical  retardation  or  suspension  of  the  circulation 
in  particular  portions  of  the  body,  unaccompanied  by  any  other  ostensible 
change,  and  not  dependent  upon  any  failure  of  the  heart's  power,  is  by 
no  nTeans  an  uncommon  phenomenon.  It  frequently  presents  itself,  for 
example,  in  one  of  the  fingers ;  and  a  curious  case  is  recorded  by  Dr. 
Graves,*  in  which,the  whole  of  one  leg  was  thus  afiected,  with  remark- 
able periodicity,  for  about  twelve  hours  out  of  the  twenty-four;  whilst  in 
the  intervals  the  circulation  in  the  limb  was  unusually  active,  the  action 
of  the  heart  being  quite  natural  throughout,  and  the  circulation  in  the 
rest  of  the  body  not  being  in  the  least  affected. 

250.  In  the  development  of  the  embryo  of  the  higher  Yertebrated 
animals,  moreover,  there  is  a  period  at  which  a  distinct  movement  of  red 
blood  is  seen,  before  any  pulsating  vessel  can  be  detected  to  possess  an 
influence  over  it  (§  255).  Further,  instances  not  very  unfrequently  occur, 
of  fojtuses  having  attained  nearly  their  full  development,  which  have 
been  unpossessed  of  a  heart,  and  in  which  the  cu'culation  has  been,  as  it 
were,  entirely  capillary;  and  although  in  most,  if  not  all,  of  these  cases, 
the  monster  has  been  accompanied  by  a  perfect  child,  the  heart  of  which 
may  have  been  suspected  to  have  influenced  its  own  circulation,  yet,  in 
one  of  those  most  recently  examined,  the  occurrence  of  tins  has  been 
disproved.  From  a  careful  examination  of  the  vascular  system,  it  ap- 
peared impossible  that  the  heart  of  the  twin  foetus  could  have  caused 
the  movement  of  blood  in  the  imperfect  one ;  and  this  must,  therefore, 
have  been  maintained  by  forces  arising  out  of  the  nutritive  changes 
occurring  in  the  capillaries,  t 

251.  AH  these  circumstances  indicate  that  the  movement  of  blood 
through  the  Capillaries  is  very  much  influenced  by  local  forces ;  although 
these  forces  are  not  sufficiently  powerful,  in  the  fiilly-developed  state  of 
the  higher  animals,  to  maintain  it  by  themselves.  And  from  other  facts 
it  appears,  that  the  conditions  necessary  for  the  energetic  flow  of  blood 
through  these  vessels,  are  nothing  else  than  the  active  performance  of  the 
nutritive  and  other  operations,  to  which  its  movement  is  subservient. 
— The  principle  already  noticed  (§  205)  as  having  been  developed  by 
Prof  Draper,  seems  fully  adequate  to  explain  these  phenomena.    It  will 

*  "  Lectures  on  Clinical  Medicine,"  second  edition,  Vol.  i.,  p.  73. 

+  For  the  details  of  this  interesting  case,  which  was  commnnicated  by  Dr.  Houston  of 
Dublin  to  the  British  Association  in  1836,  see  the  "British  and  Foreign  Medical  Keview," 
Vol.  ii.  p.  .596,  and  the  "Dublin  Medical  Journal"  for  1837.  An  attempt  was  made  by 
Dr.  Marshall  Hall  ("Edinb.  Monthly  Journal,"  1843)  to  disprove  Dr.  Houston's  infer- 
ences; but  a  most  satisfactory  reply  was  made  by  Dr.  H.  in  the  "Dublin  Journal"  for 
Jan.  1844.  See  also  the  "Edinb.  Med.  and  Surg.  Journal,"  July,  1844. — A  similar 
case  is  recorded  by  Dr.  Jackson,  of  Boston  (N.E.)  in  the  "American  Journal  of  the 
Medical  Sciences,"  Feb.  1838. 
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be  convenient  to  take  the  Respiratory  circulation  aa  an  example  of  its 
application;  since  the  changes  to  which  this  is  subservient,  are  more 
simple  than  those  which  take  place  elsewhere.  The  venous  blood  trans- 
mitted to  the  lungs,  and  the  oxygen  in  the  pulmonary  cells,  have  a 
mutual  attraction,  which  is  satisfied  by  the  exchange  of  oxygen  and 
cai-bonic  acid  that  takes  place  through  the  walls  of  the  capillaries:  but 
when  the  blood  has  become  arterialised,  it  no  longer  has  any  such  attrac- 
tion tor  the  air.  The  venous  blood,  therefore,  will  drive  the  arterial 
before  it,  in  the  pulmonary  capiDaiies,  whilst  respiration  is  properly 
going  on :  but  if  the  supply  of  oxygen  be  interrupted,  so  that  the  blood 
is  no  longer  aerated,  no  change  in  the  affinities  takes  place  whilst  it  tra- 
verses the  capillary  network;  the  blood,  continuing  venous,  stHl  retains 
Its  need  of  a  change  and  its  attraction  for  the  walls  of  the  capillaries; 
and  its  egress  into  the  pulmonary  veins  is  thus  resisted,  rather  than  aided, 
by  the  force  generated  in  the  lungs.— In  the  Systemic  circulation,  the 
changes  are  of  a  much  more  complex  nature,  every  distinct  organ  attract- 
ing to  itself  the  peculiar  substances  which  it  requires  as  the  materials  of 
its  own  nutrition;  and  the  nature  of  the  affinities  thus  generated  will  be 
consequently  different  in  each  case.  But  the  same  principle  holds  good 
m  all  instances.  Thus,  the  blood  conveyed  to  the  liver  by  the  portal 
vein,  contains  the  materials  at  the  expense  of  which  the  bUe-secreting 
cells  are  developed ;  consequently  the  tissue  of  the  liver,  which  is  pria- 
cipally  made-up  of  these  cells,  possesses  a  certain  degree  of  affinity  or 
attraction  for  blood  containing  such  materials;  and  this  is  diminished,  so 
soon  as  they  have  been  drawn  from  it  into  the  cells  around.  Conse- 
quently the  blood  of  the  portal  vein  will  drive  before  it,  into  the  hepatic 
vein,  the  blood  which  has  abeady  traversed  the  capillaries  of  the  porial 
system,  and  which  has  given-up,  in  doing  so,  the  elements  of  bile  to  the 
solid  tissues  of  the  liver. 

252.  We  are  now  prepared,  therefore,  to  understand  the  general  prin- 
ciple, that  the  rapidity  of  the  local  circulation  of  a  part  will  depend  in 
great  measure  upon  the  activity  of  the  functional  changes  taking  place 
in  that  part, — the  heart's  action,  and  the  state  of  the  general  circulation, 
remaining  the  same.  When,  by  the  heightened  vitality,  or  the  unusual 
exercise,  of  any  organ,  the  changes  which  the  blood  naturally  undergoes 
in  it  are  increased  in  amount,  the  affinities  which  draw  the  arterial  blood 
into  the  capillaries  are  stronger,  and  are  more  speedily  satisfied,  and  the 
venous  blood  is  therefore  driven  out  with  increased  energy.  Thus  a 
larger  quantity  of  blood  will  pass  through  the  caj^illaries  of  the  pai-t  in  a 
given  time,  without  any  enlargement  of  their  calibre,  or  even  though  it 
be  somewhat  diminished ;  but  the  size  of  the  arteries  by  which  it  is  con- 
veyed soon  undergoes  an  increase,  adapting  them  to  supply  the  increased 
demand.  Any  circumstance,  then,  which  increases  the  functional  energy 
of  a  part,  or  stimulates  it  to  increased  nutrition,  will  occasion  an  increase 
in  the  suj^ply  of  blood,  altogether  irrespectively  of  any  change  in  the 
heart's  action.  This  principle  has  long  been  known,  and  has  been  ex- 
pressed in  the  concise  adage  "  Uhi  stimulus,  ibi  Jluxusj"  which  those 
Physiologists,  who  affirm  that  the  Circulation  is  maiutaiaed  and  governed 
by  the  heart  alone,  cast  into  immerited  neglect. 

253.  The  development  of  that  Circulating  system  which  has  been 
described  as  peculiar  to  the  higher  classes  of  Veriebrated  animals,  is  not 
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completed  until  the  moment  of  birth;  and  the  progressive  changes  which 
the  heai-t  and  vascular  apparatus  undergo,  in  the  evolution  of  the  foetus 
"of  Birds  and  Mammals,  afford  a  most  beautiful  illustration  of  the  prin- 
ciples already  laid  down  (§  74),  respecting  the  amount  of  correspondence 
between  the  transitory  stages  of  each  system  in  the  higher  animals  and 
the  forms  permanently  exhibited  by  the  lower.  It  has  been  seen  that  m 
the  orcrans  of  Circulation,  as  well  as  in  all  others,  the  tendency,  as  we  rise 
fi-om  their  lowest  to  their  highest  condition,  is  one  of  specialization,  in 
the  simplest  Animals,  as  in  Plants,  whatever  motion  of  fluid  takes  place 
is  effected  in  each  individual  part  hy  and /or  itself;  wHlst  m  the  com- 
plex and  highly-developed  structm-es  that  occupy  the  other  extremity 
of  the  scale,  the  evolution  of  a  powerful  orga,n  of  impulsion,  the  influ- 
ence of  which  extends  over  the  whole  system,  has  superseded  the  diffused 
agency  by  which  the  circulation  was  previously  maintained.  This  pro- 
gress from  a  more  general  to  a  more  special  type  is  equally  manifested  in 
the  vascular  system  of  the  embryo ;  and  the  analogy  which  thus  arises 
between  the  forms  it  presents  at  different  epochs  of  its  development,  and 
those  presented  by  the  lower  tribes  of  animals,  is  not  superficial  only,  but 
extends  even  to  minute  particulars.  The  egg  of  the  Bird  affords  the  best 
opportunity  for  studying  the  early  changes  which  it  undergoes,  and  these 
have  been  determined  with  great  minuteness ;  but  such  a  sketch  of  them 
only  can  here  be  given,  as  will  serve  to  illustrate  the  principles  alluded 
to.  The  preliminary  stages  of  the  process  will  be  described  in  their 
proper  place  (chap.  xi). 

254.  At  an  early  period  of  incubation,  the  yolk  is  found  to  be  enve- 
loped by  a  '  germinal  membrane,'  composed  of  distinct  cells,  which  is 
divisible  into  three  layers ;  and  a  thickened  portion  of  this  is  easily  dis- 
tinguishable, at  which  the  embryo 
will  be  subsequently  evolved.  The 
middle  layer  gives  origin  to  the 
Circulating  system,  and  is  there- 
fore termed  the  vascular  layer. 
The  thickened  portion  of  this,  that 
surrounds  the  germ,  soon  becomes 
studded  with  numerous  irregular 
points  and  marks  of  a  dark  yellow 
colour;  and  as  incubation  proceeds, 
these  points  become  more  appa- 
rent, and  are  gradually  elongated 
into  small  lines,  which  are  united 
together,  first  in  small  groups, 
and  then  into  one  network,  so  as 
to  form  what  is  called  the  Vascular 
mea  (Fig.  133).  A  large  dark 
spot  of  a  similar  kind  is  seen  in 
the  situation  to  be  subsequently 
occupied  by  the  heart.  These 
dark  points  and  lines  are  formed 
by  collections  of  blood-corpuscles, 
which  originate  in  the  transformation  of  the  cells  of  the  embryo  and  of 
the  germinal  membrane ;  and  the  rows  and  masses  of  blood-disks  seem  at 


Vascular  Areaof  JForoZ's  egg,  at  the  beginning  of  the 
third  day  of  incubation; — a,  a,  yolk;  b,b,  b,  b,  venous 
sinus  bounding  the  area;  c,  aorta;  d,  punctum  saliens, 
or  incipient  heart;  e,  e,  areapellucida;y,y',  arteries  of 
the  vascular  area;  g,  g,  veins;  h,  eye. 
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first  to  lie  in  mere  channels,  the  walls  of  the  heart  and  blood-vessels  that 
subsequently  enclose  them,  being  of  later  formation.  From  the  first,  how- 
ever, a  definite  plan  is  percei^tible ;  the  network  of  capillaries  that  is* 
formed  over  the  vascular  area,  being  supplied  with  blood  by  the  ramifi- 
cations of  a  pair  of  arterial  trunks  whilst  the  blood  is  collected 
from^  them  by  the  circular  venous  sinus  h,  h,  which  bounds  the  area, 
and  is  returned  to  the  embryo  by  the  venous  trunks  g,  g.  In  the  blood- 
vessels which  are  first  observed  in  the  body  of  the  embryo,  as  well  as  in 
the  vascular  area,  no  difference  is  perceptible  between  the  characters  of 
the  arteries  and  those  of  the  veins ;  and  these  are  only  to  be  distinguished 
by  the  direction  of  the  currents  of  blood  circulating  tlii'ough  them.  But 
at  about  the  fourth  or  fifth  day  of  incubation,  the  coats  of  the  arteries 
begin  to  appear  thicker  than  those  of  the  veins,  and  the  distinction 
between  them  soon  becomes  evident.  After  the  principal  vessels  are 
formed,  the  development  of  new  ones  seems  to  take  place  in  two  modes, 
according  as  they  are  to  occupy  the  interspaces  existing  among  those  pi-e  - 
viously  formed,  or  are  to  extend  themselves  into  out-growing  parts.  In 
the  first  of  these  cases,  the  new  capillaries  appear  to  be  formed,  like  the 
original  ones,  from  stellate  cells,  whose  prolongations  meet  the  vessels  in 
which  blood  is  already  circulating,  coalesce  with  them,  and  thus  receive 
the  current  into  their  own  cavities,  to  transmit  it  to  some  other  vessel ; 
but  in  the  second,  the  new  vessels  are  formed  entirely  by  outgrowth  fi-om 
those  already  existing  (§  211). 

255.  The  first  rudiment  of  the  Heart  appears  about  the  27th  hoxu-, 
and  is  a  mass  of  cells,  of  which  the  innermost  soon  break  down,  so  as  to 
form  a  tubular  cavity;  for  some  time  it  is  simple  and  undivided,  ex- 
tending, however,  through  nearly  the  whole  length  of  the  embryo ;  but 
the  posterior  part  may  be  regarded  as  corresponding  with  the  future 
auricle,  since  prolongations  may  be  perceived  to.  stretch  from  that  part 
into  the  transparent  area,  which  indicate  the  place  where  the  veins  sub- 
sequently enter.  Although  the  development  has  proceeded  thus  far  at 
about  the  35th  hour,  no  motion  of  fiuid  is  seen  in  the  heart  or  vessels 
until  the  38th  or  40th  hour.  Wlien  the  heart  first  begins  to  pulsate,  it 
contains  only  colourless  fiuid  mixed  with  a  few  globules.  A  movement 
of  the  dark  blood  in  the  circumference  of  the  vascular  area  is  at  the  same 
time  perceived ;  but  this  is  independent  of  the  contractions  of  the  heart ; 
and  it  is  not  untU  a  subsequent  period,  that  such  a  commimication  is 
established  between  the  heart  and  the  distant  vessels,  that  the  dark  fiuid 
contained  in  them  arrives  at  the  central  cavity,  and  is  propelled  by  its 
pulsations.  This  fact,  which  we  have  just  seen  to  possess  a  very  impor- 
tant bearing  on  the  theory  of  the  circulation,  and  which  has  been  denied 
by  some  observers,  appears  to  have  been  positively  established  by  the 
researches  of  Yon  Baer.* — The  contraction  of  this  dorsal  vessel  (for  so  it 

*  He  says  that  there  is  no  doubt  of  the  blood  being  formed  before  the  vessels.  The 
formation  of  the  blood  goes  on  in  every  part  of  the  body ;  and  when  formed,  it  is  put  m 
motion  by  some  unknown  cause  that  impels  it  in  the  proper  direction,  until  at  length  it 
reaches  the  central  formation  of  blood,  around  which  is  developed  a  tubular  canal  after- 
wards to  be  further  modified  and  changed  into  a  heart.  The  first  motions  of  the  blood  are 
towards  the  heart,  and  consequently  the  first  vessels  formed  are  veins;  a  fact  of  itself 
sufficient  to  disprove  the  hypothesis  that  the  motive  power  which  presides  over  the  cii-cu- 
lation  resides  exclusively  in  the  ventricles  of  the  heart.—"  Uber  Entwickelungsgeschicte 
der  Thiere,"  &c.    Part  ii.  p.  126. 


"  development  of  circulating  apparatus. 
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mitrlit  be  tei-med)  begins  at  its  posterior  extremity,  and  gradually  extends 
itself  to  the  anterior;  but,  between  the  40th  and  50th  hours,  a  separa- 
tion in  its  parts  may  be  observed,  which  is  effected  by  a  constiiction 
round  the  midcUe  of  the  tube;  and  the  dilatation  of  the  posterior  poi-tion 
becomes  an  auricular  sac,  and  that  of  the  anterior  a  ventricular  cavity. 
Between  the  50th  and  60th  hours,  the  circulation  of  the  blood  m  the 
vascular  area  becomes  more  vigorous,  and  the  action  of  the  ventricle  is  no 
longer  continuous  with  that  of  the  auricle,  but  seems  to  succeed  it  at  a 
sepai-ate  period.  At  the  same  time  the  tube  of  the  heart  becomes  more 
and  more  bent  together,  until  it  is  doubled;  so  that  this  organ  now  be- 
comes much  shorter  relatively  to  the  dimensions  of  the  body,  and  is  more 
confined  to  the  portion  of  the  trunk  to  which  it  is  subsequently  restricted. 
The  convex  side  of  the  curve  which  the  tube  presents,  is  that  which  sub- 
sequently becomes  the  apex  or  point  of  the  heart ;  and,  between  the 
60th  and  70th  hours,  this  is  seen  to  project  forward  from  the  breast  of 
the  embiyo,  much  in  the  situation  it  subsequently  occupies.  Ab.out  the 
same  time,  the  texture  of  the  ventricle  differentiates  itself  considerably 
fi-om  that  of  the  auricle ;  the  auricle  retaining  the  thin  and  membranous 
walls  which  it  at  first  possessed,  while  the  ventricle  becomes  stronger  and 
thicker,  both  its  internal  and  external  surfaces  being  marked  by  the 
interlacement  of  muscular  fibres,  as  in  the  higher  MoUusca.  About  the 
65th  hour,  the  grade  of  development  of  the  heart  may  be  regarded  as 
corresponding  with  that  of  the  Fish,  the  auricle  and  ventricle  being  per- 
fectly distinct;  but  their  cavities  are  as  yet  quite  single. — The  heart  of 
the  Dog  at  the  21st  day  bears  a  great  resemblance  to  that  of  the  Chick 
at  the  55th  or  60th  hour;  it  consists 
of  a  membranous  tube  twisted  on 
itself,  and  partially  divided  into  two 
principal  cavities,  besides  the  bulb 
or  dilatation  which  at  this  period  is 
foimd  at  the  commencement  of  the 
aorta,  and  which  corresponds  with 
the  bulbus  arteriosus  of  Fishes. 

256.  Having  thus  traced  the  evo- 
lution of  the  heart  of  the  Chick  up  to 
the  grade  which  it  presents  in  Fishes, 
we  may  now  enquire  what  is  the 
condition  of  the  other  parts  of  the 
vascular  system  at  the  same  time. 
At  the  end  of  the  second  day,  the 
primitive  arterial  trunk  or  '  bulbus 
arteriosus,'  (Fig.  134,  a)  is  seen  to 
have  given  off  two  canals,  i,  i', 
which  separate  from  one  another  to 
enclose  the  pharynx,  and  then  unite 
again  to  form  the  aortic  trunk,  a, 
which  passes  down  the  spine.  During 
the  first  half  of  the  third  day  (about 
the  60th  hour),  a  second  pair  of 
arches,  2,  2',  is  formed,  which  en- 
compasses the  pharynx  in  the  same  manner;  and  towards  the  end  of  the 


Fig.  134. 


Diagram  of  the  formation  of  the  great  Arte- 
rial trunks  in  the  Chick: — A,  descending  aorta 
a',  ascending  aorta ;  p,  p,  pulmonary  arteries 
p',  their  common  trunk ;  a,  truncus  arteriosus 
h,  V,  subclavian  arteries ;  c,  c',  carotid  arteries 
1,  1',  2,  2',  3,3',  4, 4',  5, 5',  five  pairs  of  branchial 
arches ;  6, 6',  7, 7',  communicating  branches  which 
become  the  trunks  of  the  carotids  ;  8, 8',  commimi- 
eating  branches  afterwards  obliterated;  9,  ductus 
arteriosus ;  10,  aortic  arch  of  the  left  side. 
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third  day,  two  other  pairs  of  vascular  arches,  3,  3',  and  4,  4',  are  formed;  so 
that  the  pharynx  is  now  encompassed  by  four  pairs  of  vessels,  which  unite 
again  to  supply  the  general  circulation.  These  evidently  correspond  with 
the  branchial  arches  of  Fishes,  although  no  respiratory  apparatus  is  con- 
nected with  them ;  and  in  fact  the  distribution  of  the  vascular  system  of 
the  Bird,  on  the  fourth  and  fifth  days,  exactly  resembles  that  presented 
by  many  Cartilaginous  Fishes,  as  well  as  by  the  larvse  of  the  Batrachia. 
The  first  pair  of  arches  is  obliterated  about  the  end  of  the  fourth  day 
but  a  pair  of  vessels,  which  are  sent  from  it  to  the  head  and  neigh- 
bouring parts,  and  which  afterwards  remain  as  the  carotid  arteries, 
c,  c',  continue  to  be  supplied  through  communicating  vessels,  6,  6',  from 
the  second  arch.  While  the  first  pair  is  being  obliterated,  a  fifth,  5,  5', 
is  formed  behind  the  foiu- which  had  previously  existed;  and  proceeds,  in 
the  same  manner  as  the  fourth,  from  the  ascending  to  the  descending 
aorta.  On  the  fourth  day,  the  second  arch  also  becomes  less,  and  on  the 
fifth  day  it  is  wholly  obliterated ;  whilst  the  third  and  fourth  become 
stronger.  From  the  third  arch,  now  the  most  anterior  of  those  remaining, 
the  arteries  are  given  ofi"  which  supply  the  xipper  extremities,  b,  V;  and 
the  vessels  of  the  head,  c,  are  now  brought  into  connection  with  it,  by 
means  of  the  communicating  branches,  7,  7',  which  previously  joined  the 
third  with  the  second  arch.  When  these  vessels  are  fully  developed,  the 
branches,  8,  8',  by  which  these  arches  formerly  sent  their  blood  into  the 
aorta,  shrink  and  gradually  disappear;  so  that,  by  about  the  thirteenth 
or  foiu'teenth  day,  the  whole  of  the  blood  sent  through  the  two  anterior 
arches  (the  second  and  third)  is  carried  to  the  head  and  upper  extre- 
mities, instead  of  being  transmitted  to  the  descending  aorta  as  before. 
Thei-e  now  only  remain  the  fourth  and  fifth  pairs  of  branchial  arches ;  the 
development  of  which  into  the  aorta  and  pulmonary  arteries,  will  be 
described  in  connection  with  the  changes  that  are  at  the  same  time 
going-on  in  the  heart. 

257.  During  the  fourth  day,  the  cavities  of  the  Heart  begin  to  be 
divided,  for  the  separation  of  the  right  and  left  auricles  and  ventricles. 
About  the  80th  hour,  the  commencement  of  the  division  of  the  auricle  is 
indicated  externally,  by  the  appearance  of  a  dark  line  on  the  upper  part 
of  its  wall ;  and  this,  after  a  few  hours,  is  perceived  to  be  due  to  a  con- 
traction, which,  increasing  downwards  across  the  cavity,  divides  it  into 
two  nearly  spherical  sacs.  Of  these  the  right  is  at  first  much  the  larger, 
and  receives  the  great  systemic  veins,  whilst  the  left  has  the  aspect  of  a 
mere  appendage  to  the  right ;  but  it  subsequently  receives  the  veins  from 
the  lungs,  when  these  organs  are  developed,  and  attains  an  increased  size. 
The  septum  between  the  auricles  is  by  no  means  completed  at  once;  a 
large  aperture  (which  subsequently  becomes  the  formmn  ovale)  exists  for 
some  time  at  its  lower  part,  so  that  the  ventricle  continues  to  commxi- 
nicate  freely  with  both  aui'icles.  This  passage  is  afterwards  closed  by 
the  prolongation  of  a  valvular  fold,  which  meets  it  in  the  opposite 
direction ;  it  remains  pervious,  however,  until  the  ammal  begins  to  respii-e 
by  the  lungs,  and  sometimes  is  not  completely  obliterated  even  then. 
The  division  of  the  ventricle  commences  some  time  before  that  of  the 
auricle,  and  is  efiected  by  a  soi-t  of  duplicatiu^e  of  its  wall,  forming  a 
fissure 'on  its  exterior  and  a  projection  within;  and  thus  a  septum 
is  gradually  developed  within  the  cavity,  which  progi-essively  acquires 
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firmness,  and  rises  higher  up,  until  it  reaches  the  entrance  to  the  bulb  of 
the  aorta,  where  some  communication  exists  for  a  day  or  two  longer. 
At  last,  however,  the  division  is  completed,  and  the  mter-ventricular 
septum  becomes  continuous  with  the  inter-auricular,  so  that  the  heart 
may  be  henceforth  regarded  as  a  double  organ.  The  progressive  stages 
presented  in  the  development  of  this  septum,  are  evidently  analogous  to 
its  permanent  conditions  in  the  various  species  of  Reptiles  (§  244);  but 
it  must  not  be  lost  sight  of,  that  in  all  Reptiles  the  inter-auricular  septum 
is  fii-st  developed,  and  that  it  is  completely  formed  in  many  instances  m 
which  the  inter-ventricular  septum  is  absent  or  imperfect. — The  changes 
which  occur  in  the  heart  of  the  Mammalia,  are  of  a  precisely  similar 
character;  and  as  they  take  place  more  slowly,  they  may  be  watched  with 
gi-eater  precision.  Soon  after  the  septum  of  the  ventricles  begins  to  be 
formed  in  the  interior,  a  corresponding  notch  appears  on  the  exterior, 
which,  as  it  gradually  deepens,  renders  the  apex  of  the  heart  double. 
This  notch  between  the  right  and  left  ventricles  continues  to  become 
deeper,  until  about  the  eighth  week  in  the  Human  embryo,  when  the  two 
ventricles  are  quite  separated  from  one  another,  except  at  their  bases; 
this  fact  is  very  interesting,  from  its  relation  with  the  similar  permanent 
form  presented  by  the  heart  of  the  Dugong  (§  245).  At  this  period,  the 
internal  septum  is  still  imperfect,  so  that  the  ventricular  cavities  com- 
municate with  each  other,  as  in  the  chick,  on  the  fourth  day.  After  the 
eighth  week,  however,  the  septum  is  complete,  so  that  the  cavities  are 
entfrely  insulated;  wliilst  at  the  same  time  their  external  walls  become 
more  connected  towards  their  bases,  and  the  notch  between  them  is 
diminished;  and  at  the  end  of  the  third  month  the  ventricles  are  very 
little  sejDai-ated  from  one  another,  though  the  place  where  the  notch 
previously  existed  is  still  strongly  marked. 

258.  Rettirning  again  to  the  distribution  of  the  Arterial  trunks,  we 
are  now  prepared  to  follow  their  final  modification,  by  which  they  are 
adapted  to  the  existence  which  the  individual  is  soon  to  commence  as  an 
air-breathing  animal. — The  first,  second,  and  thfrd  (branchial)  arches  have 
been  shown  to  be  replaced  by  the  brachial  and  carotid  arteries,  and  to 
have  lost  all  communication  with  the  primitive  arterial  trunk  (Fig.  134,  a) 
except  at  its  commencement,  where  the  third  pair  of  arches  arises  with 
the  other  trunks  from  its  dilated  bulb.  This  remains  as  a  single  cavity, 
even  after  the  ventricles  have  been  separated;  but  towards  the  end  of 
the  fifth  or  beginning  of  the  sixth  day,  in  the  Chick,  the  bulb  becomes 
flattened,  and  the  opposite  sides  adhere  together,  so  as  to  divide  it  into 
two  tubes  running  side  by  side.  Of  these,  one  communicates  with  the 
left,  and  the  other  with  the  right  ventricle.  The  former,  which  subse- 
quently becomes  the  ascending  aorta,  a',  is  continuous  with  the  fourth 
branchial  arch,  4,  on  the  right  side  only;  but  from  this  the  carotid  and 
brachial  arteries  arise  by  two  principal  trunks.  This  arch  becomes 
gradually  larger,  so  as  to  form  the  freest  mode  of  communication  between 
the  heart  and  the  descending  aorta;  it  subsequently  becomes,  in  fact,  the 
arch  of  the  aorta.  The  trunk  v',  which  is  connected  with  the  right 
ventricle,  on  the  other  hand,  and  which  subsequently  becomes  the 
pulmonary  artery,  transmits  its  blood  through  the  fourth  arch  of  the  left 
side,  4',  and  the  fifth  arch,  5,  of  the  right  (the  two  primary  tubes  twist- 
ing round  each  other) ;  but  the  fifth  arch  on  the  left  side,  5',  now  ceases 
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to  convey  blood.  From  the  two  trunks,  4',  5,  wliich  still  discharge 
tl^u-  blood  mto  the  descending  aorta,  the  pulmonary  vessels,  p,  p,  branch 
off  as  the  lungs  are  developed;  and  the  prolongation,  10,  of  the  foi-mer 
of  these,  which  previously  constituted  one  of  the  arches  of  the  descending 
aorta,  soon  afterwards  becomes  impervious.  The  origuial  prolongation,  9, 
of  the  latter  trunk,  which  meets  the  descending  aorta,  stUl  remains ;  so 
that  a  portion  of  the  blood  sent  from  the  right  ventricle  is  transmitted 
tlirough  this  communicating  branch  directly  into  the  descending  aorta, 
just  as  in  the  adult  Crocodile.  After  the  first  inspiration,  however,  the 
whole  of  the  blood  transmitted  through  the  pulmonary  artery  passes 
into  the  lungs,  and  does  not  enter  the  aorta  until  it  has  been  retm-ned 
to  the  heart;  and  this  commimicating  vessel,  which  is  termed  the  ductus 
arteriosus,  soon  shrinks  and  becomes  impervious.  Thus  the  third  pan- 
of  branchial  arches  becomes  converted  into  the  two  arterice  innovvinatce, 
or  common  trunks,  from  each  of  which,  in  Birds  and  in  some  Mammals, 
the  carotid  and  subclavian  arteries  of  one  side  originate.  The  fourth 
branchial  arch  of  the  right  side  becomes  the  arch  of  the  aorta.  And  the 
ffh  branchial  arch  of  the  right  side,  with  the  fourth  of  the  left,  become 
the  right  and  left  pulmonary  arteries. — The  general  plan  of  the  changes 
which  occur  in  the  vascular  system  of  the  Mammalia  (Fig.  135),  is  the 
same  as  that  which  has  been  described  in  Birds,  the  differences  being 
only  in  detail ;  as  for  instance,  that  the  aortic  arch  is  formed,  not  from  the 
right,  but  from  the  left  branchial  arch. 

259,  Up  to  the  period  of  the  hatching  of  the  egg  in  Birds,  and  the 
separation  of  the  foetus  from  the  parent  in  the  Mammalia,  the  circulation 
retains  some  peculiarities,  characteristic  of  the  inferior  type  which  is  per- 
manent in  the  Reptile  tribes.  Of  the  blood  which  is  brought  by  the 
venous  trunks  to  the  right  auricle,  part  has  been  purified  by  transmis- 
sion to  the  respiratory  organ  (the  allantois  in  Birds,  and  the  flacenta  in 
Mammals),  whilst  a  part  has  been  vitiated  by  circulation  thi-ough  the 
system.  The  former,  returning  by  the  umbilical  vein  (Fig.  135,  0),  is 
mixed  in  the  ascending  vena  cava  (f)  with  the  blood  which  has  circulated 
through  the  lower  extremities ;  whilst  the  descending  cava  brings  back 
that  which  has  passed  tlirough  the  capillaries  of  the  head  and  upper  ex- 
tremities, and  which,  having  received  no  admixture  of  arterial  blood,  is 
not  fit  to  be  again  transmitted  in  the  same  condition.  It  will  be  recol- 
lected that  a  communication  still  exists  between  the  two  auricles,  the 
'  foramen  ovale'  yet  remaining  pervious ;  and  by  a  fold  of  the  Uning 
membrane  of  the  right  auricle,  forming  the  Eustachian  valve,  the  ascend- 
ing and  descending  cmrents  are  so  directed,  that  the  former  (consisting 
of  the  most  highly-arterialised  blood)  passes  at  once  into  the  left  auricle, 
whilst  the  latter  flows  into  the  right  ventricle.*  From  the  left  auricle, 
the  arterial  blood  is  propelled  into  the  left  ventricle,  and  thence  through 
the  arch  of  the  aorta  to  the  vessels  of  the  head  and  upper  extremities,  a 
comparatively  small  pari;  finding  its  way  into  the  descending  aorta.  The 
venous  current  is  propelled  through  the  pulmonary  arteiy;  but  the  lungs 
not  yet  being  expanded,  little  of  it  is  transmitted  to  these  organs,  and 

*  The  peculiar  course  taken  by  the  blood  througli  the  heart,  which  was  suspected  from 
anatomical  investigation,  has  been  actually  demonstrated  by  means  of  coloured  injections, 
by  Dr.  J.  r^eid.  See  "Edinb.  Med.  and  Surg.  Journ.,"  Vol.  xliii.,  pp.  11  and  308;  aud 
Dr.  Reid's  "Physiol.,  Pathol.,  and  Anat.  Researches,"  Chap.  ix. 
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the  greater  part  finds  its  way  through  the  ductus  arteriosus  into  the  de- 
scendincr  aorta,  where  it  mixes  with  the  remainder  of  the  first-mentioned 
portion  This  trunk  not  only  supplies  the  viscera  and  lower  extremities 
(which  are  thus  seen  to  receive,  as  in  Reptiles,  blood  of  which  only  a 
portion  has  been  oxygenated),  but  sends  a  large  proportion  of  its  contents 
to  the  umbilical  vessels,  by  which  it  is  conveyed  to  the  oxygenating  organ, 
and  returned  again  to  the  venous  trunk  of  the  abdomen 

260.  The  course  of  development  of  the  Venous  system  exhibits  not 
less  remarkably  than  that  of  the  Arterial,  a  gradual  passage  from  the 
more  general  type  common  to  all  Yertebrata  at  an  early  period  of  their 
existence,  and  perpetuated  with  but  little  alteration  in  Fishes  to  that 
more  special  typewliich  presents  itself  in  the  complete  Bird  or  Mammal 
—There  is  at  first  a  pair  of  anterior  venous  trunks  (Fig.  165,  A,  b,  g,  g } 


Fio.  135. 


A. — Diagram  of  the  Circulation  in  tlio  Human  Emhi\i/o  and  its  api^endagos,  as  seen  in 
profile  from  the  rigbt  side,  at  the  commencement  of  the  formation  of  the  Placenta: — B.  The 
same,  as  seen  from  the  front : — a,  venous  simis,  receiving  all  the  systemic  veins ;  h,  right 
auricle;  h',  left  auricle;  c,  right  ventricle;  e',  left  ventricle ;  d,  bnlbus  aorlinus,  subdividing 


.  -  .  ygos      ,  , 

scending  aorta;  n,  n',  umbilical  arteries  proceeding  from  it;  o,  o',  umbilical  veins,  of  vi^luch  the 
right  afterwards  disappears,  the  left  being  alone  fully  developed;  q,  omphaJo-Tnesenteric  vein ; 
r,  omphalo-meaentenc  artery,  distributed  on  the  walls  of  the  vitelline  vesicle  t;  v,  ductus 
venosus;  y,  vitelline  duct;  z,  chorion. 

receiving  the  blood  from  the  head,  and  a  pair  of  posterior  trunks  (7c, 
formed  by  the  confluence  of  the  veins  of  the  trunk.  Wolffian  bodies,  &c. ; 
the  former  are  persistent  as  the  '  jugular'  veiias ;  the  latter  remain  separate 
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in  most  Fishes,  where  they  are  designated  the  'cardinal'  veins-  but 
m  waiTu-blooded  Vertebrata,  they  are  only  represented  by  the  'azygos' 
veins  (major  and  minor),  which  coalesce  into  a  common  trunk  for  a  con- 
sidera,ble  part  of  their  length.  One  of  the  anterior  trunks  unites  with 
one  of  the  posterior  on  either  side,  to  form  a  canal  which  is  known  as  the 
ductus  Cuvierij'  and  the  ducts  of  the  two  sides  coalesce  to  form  a 
shorter  main  canal,  which  enters  the  auricle,  at  that  time  an  undivided 
cavity.  This  common  canal  is  absorbed  (so  to  speak)  into  the  auiicle  at 
an  early  period,  in  all  Vertebrata  above  Fishes,  so  that  the  two  Cuvierian 
ducts  terminate  separately  in  that  cavity;  and  after  the  septum  auricu- 
lorum  has  been  formed,  they  enter  the  right  auricle.— This  arrangement 
IS  persistent  in  Birds  and  in  the  inferior  Mammals,  in  which  we  find  two 
'  yen^  cavse  superiores,'  entering  the  right  auricle  separately;  but  in  the 
higher  Mammals,  as  in  Man,  the  left  duct  is  obliterated,  and  the  right 
alone  remains  to  form  the  single  vena  cava  superior,  a  transverse  branch 
being  formed  to  bring  to  it  the  blood  of  the  left  side.  The  double  vena 
cava  sometimes  remains  persistent  in  Man,  constituting  a  monstrosity  by 
arrest  of  development.  As  the  anterior  extremities  are  developed,  the 
subclavian  veins  are  formed  to  return  the  blood  from  them ;  and  these 
discharge  themselves  into  the  jugular. — The  '  omphalo-mesenteric'  vein 
{q),  which  is  another  primitive  trunk  common  to  all  Yertebrata,  is  formed 
by  the  confluence  of  the  veins  of  the  yolk-bag  and  of  the  intestinal  canal, 
and  passes  by  itself,  with  the  two  Cuvierian  ducts,  into  the  auricle.  The 
upper  part  of  this  remains  to  constitute  the  upper  part  of  the  '  inferior 
cava,'  the  lower  portion  of  which  arises  between  the  Wolffian  bodies,  and 
originally  enters  the  omphalo-mesenteric  vein  above  the  liver.  When 
the  liver  is  formed,  the  omj)halo-mesenteric  vein  becomes  connected  with 
it  both  by  afierent  and  efierent  trunks,  the  former  remaining  as  the 
'  vena  portse,'  and  the  latter  as  the  '  hepatic  vein and  after  giving  off 
the  former  trunks,  the  omphalo-mesenteric  vein  is  itself  obliterated,  so 
that  all  the  blood  which  it  brings  must  pass  through  the  liver.  The 
'  inferior  cava,'  which  receives  the  hepatic  vein,  is  gradually  enlarged  by 
the  reception  of  most  of  the  veins  from  the  inferior  part  of  the  trunk 
and  the  lower  extremities,  and  the  vena  azygos  is  reduced  in  the  same 
proportion ;  in  some  rare  cases  of  abnornal  formation,  however,  the  vena 
cava  fails  to  be  developed,  and  then  the  blood  from  the  lower  parts  of  the 
body  is  conveyed  to  the  superior  cava  through  the  azygous  system.* — The 
umbilical  vein,  which  is  at  first  developed  in  connection  with  the  allan- 
tois,  and  which  consequently  does  not  exist  where  that  organ  is  not 
evolved,  increases  in  size  as  the  mesenteric  artery  diminishes ;  the  greater 
part  of  its  blood  is  discharged  into  the  vena  portse,  and  only  reaches  the 
inferior  cava  after  passing  through  the  liver ;  but  a  part  of  it  jjasses-on 
to  the  vena  cava  through  a  direct  channel,  which  constitutes  the  '  ductus 
venosus.'  A  similar  direct  communication  between  the  portal  system 
and  the  vena  cava  exists  permanently  in  Fishes,  and  to  a  less  degi'ee  in 
other  oviparous  Yertebrata :  and  it  seems  there  intended  to  transmit 
directly  to  the  heart  whatever  proportion  of  the  blood,  brought  to  the 

*  For  the  details  of  the  changes  above  described,  see  Rathke  "Ueber  den  Bau  und  die 
Entwickelung  dea  venen  systems  der  Wirbelthiere,"  1838  ;  and  Mr.  Marshall's  Memoir 
'On  tLe  Development  of  the  Great  Anterior  Veins  in  Man  and  Mammalia,'  in  "  Philo.s. 
Transact.,"  1850. 
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vena  portfe,  may  be  at  the  time  superfluous  as  regards  the  function  of  the 
liver  After  the  birth  of  the  Mammal,  however,  its  portal  system  receives 
no  more  blood  than  is  required  for  distribution  through  the  liver;  and 
the  ductus  venosus  speedily  shrivels  into  a  ligament. 

261   Thus  we  have  traced,  in  the  development  of  the  Circulating 
apparatus  of  the  higher  Vertebrata,  the  same  progressive  advance  from  a 
more  gmeral  to  a  more  special  condition,  as  that  wHch  we  have  wit- 
nessed in  ascending  the  Animal  series;  and  when  considered  analogically 
rather  than  homologically  (§  8),  the  correspondence  is  extremely  close. 
For  in  the  state  of  the  circulating  system  in  the  early  embryo,  when  the 
heart  is  as  yet  but  a  pulsating  enlargement  of  one  of  the  principal  trunks, 
and  the  walls  of  the  vessels  are  far  from  being  complete,  we  have  the 
representation  of  its  concUtion  in  the  liigher  Radiata,  and  m  the  lower 
Articulata  and  Mollusca.    In  the  subsequent  division  of  the  cardiac 
cavity  into  an  auricle  and  a  ventricle,  an  advance  is  made  corresponding 
to  that  which  we  encounter  in  passing  from  the  Tunicata  to  the  higher 
Mollusca.    And  when  the  brancliial  arches  are  formed,  which  enclose 
the  pharynx  and  meet  in  the  aorta,  the  type  of  the  Fish  is  obviously 
attained. — But  it  will  be  observed  that,  notwithstanding  this  similarity, 
the  Yertebrated  embryo  never  presents  any  of  those  features  of  the 
Cu-culating  apparatus,  which  are  characteristic  of  the  other^  sub-king- 
doms respectively;  thus,  it  does  not  exhibit  that  radiated  distribution 
of  the  vascular  trunks,  which  is  seen  in  the  Echinodermata  (§216);  nor 
does  the  heart,  even  when  most  like  a  '  dorsal  vessel,'  ever  present  the 
least  approach  to  that  transverse  division  into  successive  segments,  which 
is  typical  of  the  Articulata  (§  217);  and  in  its  position  and  connections, 
being  situated  in  the  immediate  neighbourhood  of  the  pharynx,  and 
sending  its  primitive  trunks  around  it,  the  heart  of  every  Yertebrated 
animal  diifers  from  that  of  the  Mollusca,  whose  relations  are  with  the 
opposite  extremity  of  the  alimentary  canal  (§  234).    In  the  subsequent 
progress  of  the  Circulating  apparatus,  from  the  grade  of  the  Fish, 
through  that  of  the  Reptile,  to  that  of  the  Bird  or  Mammal,  we  have  a 
characteristic  illustration  of  the  principles  formerly  laid  down  (§  74); 
for  although  the  branchial  arches  are  formed  in  all  Yertebrated  animals, 
yet  it  is  only  in  Fishes  and  Batrachian  Reptiles  that  they  give  origin  to 
branchial  tufts;  and  although  at  a  subsequent  period  the  condition  of 
the  heart  and  great  vessels  presents  a  strong  general  resemblance  to  that 
of  the  typical  Reptiles,  yet  that  resemblance  is  wanting  in  the  essential 
feature  of  the  complete  separation  of  the  auricles,  and  the  mixture  of 
arterial  and  venous  blood  in  the  single  ventricle.    It  is  obvious  that 
this  want  of  conformity  has  reference  to  the  difference  in  the  seat  of  the 
respiratory  process;  the  pulmonary  vessels  in  the  embryo  being  deve- 
loped for  future  use,  but  the  actual  aeration  of  the  blood  being  performed 
elsewhere. 

262.  The  knowledge  of  these  different  stages  of  the  development  of  the 
Circulating  apparatus,  enables  us  to  explain  many  of  the  malformations 
which  are  occasionally  presented  in  Man.  One  of  the  most  common  of 
them  gives  rise  to  the  malady  termed  Cya/)iosis ;  for  this  results  from  the 
foramen  ovale,  which  establishes  a  communication  between  the  auricles, 
remaining  open  after  pulmonary  respiration  has  been  established;  so  that 
a  considerable  portion  of  the  blood  transmitted  to  the  right  cavity  passes 
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mto  the  eft  without  having  been  previously  arterialised  by  passage 
through  the  kings.  Persons  thus  affected  liave  always  a  livid  aspec-t- 
trom  the  quantity  of  venous  blood  circulated  through  the  arteries;  they 
are  dehcient  m  muscular  energy  and  in  power  of  generating  heat,  and 
they  are  seldom  long-lived.  A  consequence  partly  similar  would  probably 
have  resulted  fi-om  a  cuiious  malformation  mentioned  by  Kilian,  had  the 
infant  remained  alive :  in  this  case,  the  aortic  arch  had  not  been  deve- 
loped, so  that  the  primary  aortic  trunk  gave  off  only  the  vessels  to  the 
head  and  upper  extremities :  whilst  the  commimicating  branch  between 
the  pulmonary  artery  and  descending  aorta,  which  usually  is  of  a 
secondary  character,  constituting  the  ductus  arteriosus,  was  here  the  only 
means  by  which  the  blood  could  be  transmitted  to  the  latter;  so  that 
the  circulation  through  the  lower  part  of  the  trunk  and  extremities 
w-ould  have  been  entirely  venous.  A  malformation  of  this  kind  in  a 
diminished  degree  has  not  been  found  incompatible  with  the  continuance 
of  life ;  several  cases  being  on  record,  in  which  the  ductus  arteriosus  has 
remained  pervious,  and  has  brought  part  of  the  blood  from  the  pul- 
monary artery  to  the  descending  aorta.  Cyanosis  is  of  course,  as  in  the 
former  instance,  the  result  of  this  imperfect  arterialisation ;  and  the 
individual  is  reduced,  as  far  as  his  vascular  system  is  concerned,  to  the 
condition  of  the  Crocodile.  An  arrest  of  development  at  an  earlier 
period  may  cause  still  greater  imperfections  ia  the  formation  of  the 
heart.  Thus,  the  septum  of  the  ventricles  is  sometimes  found  incomplete, 
the  communication  between  the  cavities  usually  occurring  in  the  part 
which  is  last  formed,  and  which  in  most  Reptiles  remains  open.  In  other 
cases  it  has  been  altogether  wanting,  although  the  aorta  and  pulmonary 
artery  were  both  present,  and  arose  side  by  side  from  the  common 
cavity;  and  this  form  of  the  circulating  apparatus  is  evidently  analogous 
to  that  presented  by  Reptiles  in  general.  A  still  greater  degradation  in 
its  character  has  been  occasionally  evinced;  for  several  cases  are  now  on 
record,  in  which  the  heart  has  presented  but  two  cavities,  an  auricle  and 
a  ventricle,  thus  corresponding  with  that  of  the  Fish;  and  in  one  of 
these  instances  the  child  had  lived  for  seven  days,  and  its  fanctions  had 
been  apparently  but  little  disturbed.  The  occasional  entire  absence  of 
the  heart  has  already  been  noticed;  and  coexistent  with  this,  there  is 
always  great  deficiency  in  the  other  organs ;  the  brain,  and  sometimes 
the  liver  and  stomach,  being  undeveloped.  The  bifid  character  of  the 
apex,  which  presents  itself  at  an  early  period  of  the  development  of  the 
heart,  and  is  permanent  in  the  Dugong,  sometimes  occiu-s  as  a  mal- 
formation in  the  adult  human  subject;  evidently  resultiag,  like  the 
others  which  have  been  mentioned,  from  an  arrest  of  development.  On 
similar  principles,  some  occasional  peculiarities  noticed  in  the  distribution 
of  the  vessels  may  be  accoimted-for,  of  which  a  sti-iking  example  will 
be  presently  given.  The  ascending  Cava  is  occasionally  observed  to  consist 
of  two  parallel  trunks,  which  are  partially  united  at  intervals,  and  then 
separate  again;  a  similar  condition  is  permanent  in  some  Cartilaginous 
Fishes,  and  the  explanation  of  it  is  to  be  sought-for  in  the  history  of  the 
development  of  the  venous  system  in  general.  We  have  seen  that  in  many 
of  the  lower  animals,  such  as  the  Crastacea,  where  the  arteries  are 
perfect  canals,  having  distinct  coats,  the  veins  seem  to  be  merely  channels 
through  the  tissues,  having  no  definite  walls :  in  like  manner,  at  an  early 
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period  of  tho  fetal  development  Qf  the  higher  animals,  several  small 
ves  els  are  found  where  one  vein  subsequently  exists  j  and  if  the 
coSience  of  these  has  been  from  any  cause  checked,  they  will  remain 
permanently  separated  to  a  greater  or  l^ss  extent  arran-e- 
9(53  Sevei-al  interesting  varieties  have  been  detected  m  tne  arrange 
ment  of  t^  ^rin^^^^^^  trucks  given-off  from  the  Aorta  :  and  hough  we 
cannot  account  for  them  on  the  principles  abeady  mentioned,  it  is  not  a 
S  iSous,  that  neai-ly  all  of  these  irregular  forms  P^-- ^-^^X 
the  aiTan-ements  which  are  peculiar  to  some  or  other  of  the  Mammalia. 
The3e°  iiTwh  ch  the  cephalic  and  brachial  vessels  usuaUy  arise  m  the 
HumrsuSect,  is  shown  in  the  subjoined  diagram,  A,  where  a  h  xs  the 


Diagram  of  the  principal  varieties  in  the  origin  of  theCephaho  and  Brachial  trunks  from 
the  S  of  the  Aorta:-A,  Man;  B,  Elephant;  c,  Cetacea;  D,  Bat,  &c.;  E,  Carmvora,  &c.; 
F  SeL;  G.Ku^ants;'  H,  Eeptaes  :-l,  right  subclavian;  2,  right  carotid;  3,  left  carotid; 
4,  left  suhclavian  ;  5,  vertebral;  a,  ascending  aorta;  h,  descending  aorta. 

arch  of  the  aorta,  i  and  2  the  trunks  of  the  right  carotid  (which  supplies 
the  head)  and  of  the  right  subclavian  (which  is  distributed  to  the  upper 
extremity),  arising  by  a  common  trunk — ^the  arteria  innominata;  while 
the  left  carotid,  3,  and  the  left  subclavian,  4,  arise  separately.  At  is 
seen  a  distribution  which  is  rare  in  the  human  subject,  the  two  carotids 
arising  by  a  common  trunk,  and  the  right  as  well  as  the  left  subclavian 
being  given  off  separately;  this  is  the  regular  arrangement  of  branches 
iu  the  Elephant.  It  is  not  so  unusual  for  all  the  branches  to  arise  from 
single  trunks  as  at  c;  and  this  appears  to  be  the  regular  type  in  some  of 
the  Cetacea.  Sometimes,  again,  there  is  an  arteria  umomiaata  on  each 
side ;  subsequently  dividing  iato  the  carotid  and  subclavian,  as  at  d  ;  and 
on  this  plan  the  branches  are  distributed  in  the  Bat  tribe,  and  also  in 
the  Porpoise.  A  not  unfrequent  variety  in  the  human  subject,  is  for 
both  carotids  to  arise  with  the  right  subclavian  from  a  single  trunk,  as 
at  E,  the  left  subclavian  coming  off  by  itself;  this  is  observable  as  the 
regular  form  among  many  animals,  being  common  among  the  Monkey 
tribe,  the  Carnivora,  the  Eodentia,  &c.  Another  variety  which  is  not 
unfrequent  is  shown  at  F,  the  vertebral  artery  on  the  left  side,  5,  which 
usually  arises  from  the  subclavian,  springing  directly  from  the  aorta;  it 
is  on  this  plan  that  the  branches  are  given  off  in  the  Seal.  A  form 
which  is  very  uncommon  in  man  is  that  represented  at  G;  here  the  aorta 
divides  at  once  into  an  ascending  vessel,  from  which  the  two  subclavian 
and  two  carotid  arteries  arise,  and  a  descending  trunk ;  this  is  the  regular 
distribution  of  the  vessels  in  Ruminating  animals,  and  appears  to  be 
most  general  in  Mammalia  possessing  a  long  neck.  Lastly,  at  H,  is 
seen  a  fonn  which  evidently  results  from  an  arrest  of  the  usual  changes 
in  the  arterial  trunks  described  in  §§  256,  258;  the  aorta  continuing  to 
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exteinal  cai-otid  and  internal  cai-otid  ai-teries  are  given-off  on  each 
bicte,  the  single  descending  trunk  being  formed  by  the  union  of  the  two 
original  branches.  This,  it  will  be  recoUected,  is  the  nomal  type  of 
formation  m  Reptiles.*  ^'i^ 


CHAPTER  VL 


OF  RESPIRATION. 

1.  General  Considerations. 

264  The  function  of  Respii-ation  essentially  consists  in  the  evolution 
oj  carbonic  acid  from  the  fluids  of  Organised  beings,  and  the  absorptimi  of 
oxygen  from  the  surroimding  medium,  usually  in  a  nearly  equivalent 
proportion.  This  process  is  performed  by  Plants  as  weH  as  by  Animals ; 
and  it  may  be  regarded  as  arising  out  of  the  same  general  requirements 
m  both  kingdoms,  although  it  answere  some  specm?  purposes  in  the  latter 
which  render  it  more  immediately  essential  to  the  maintenance  of  thei^ 
vital  activity,  than  it  seems  to  be  iu  the  former.  For  we  shall  hereafter 
find  that  the  imperious  necessity  for  the  continual  introduction  of  oxygen 
and  hberation  of  carbonic  acid,  which  requires  a  most  active  perfonnance 
of  the  respiratory  function,  and  causes  even  a  brief  suspension  of  it  to  be 
fatal,  in  the  higher  Animals,  is  consequent  upon  the  energetic  exertion 
of  their  peculiarly  animal  powers,  and  upon  the  performance  of  that 
combustive  operation  by  which  their  high  temperature  is  maintained; 
whilst,  on  the  other  hand,  when  we  pass  to  those  tribes  which  are  most 
remarkable  for  the  inertness  of  their  habits,  and  for  their  entire  want  of 
power  to  sustain  an  independent  temperature,  the  demand  for  oxygen 
is  greatly  diminished,  and  the  exhalation  of  carbonic  acid  maybe  checked 
for  a  time  without  injury.  The  amount  of  Respiration,  then,  which  is 
reqiiired  for  the  performance  of  the  organic  or  constructive  functions  of 
Animals,  is  comparatively  small ;  and  it  is  not  surprising  that  the  exist- 
ence of  this  function  should  have  been  long  overlooked  in  Plants,  in  which 
its  effects  on  the  atmosphere  are  masked  by  a  change  of  an  entirely  op- 
posite nature,  that  is  subservient  to  the  introduction  of  alimentary  material 
into  the  system, — namely,  the  decomposition  of  the  carbonic  acid  of  the 
air,  under  the  influence  of  light,  the  fixation  of  its  carbon  in  the  vegetable 
tissues,  and  the  consequent  liberation  of  its  oxygen.  To  this  last  pro- 
cess, the  term  Respiration  has  been  commonly  applied ;  and  the  Resijii-a- 
tion  of  Plants  is  ordinarily  spoken-of  as  antagonistic  to  that  of  Animals. 
This  statement  is  perfectly  true,  if  under  the  term  Respiration  be  in- 
cluded the  sum-total  of  the  changes  produced  in  the  air  by  the  growth  of 
a  Plant;  but  it  will  be  presently  shown,  that  whilst  Animal  life  gives 

*  In  the  foregoing  account  of  tlie  development  of  the  Vascular  system,  the  Author  has 
availed  himself  fi-eely  of  the  valuable  papers  of  Dr.  Allen  Thomson,  in  the  "  Edinb.  Philos. 
J ournal,"  Vols.  ix.  and  x.  ;  in  the  sketch  of  the  malformations  of  the  Heart,  he  has  made  use 
of  the  paper  of  Dr.  Paget  in  the  "  Edinb.  Med.  and  Surg.  Jounial,"  Vol.  x.xxvi.  ;  and  the 
last  paragraph,  with  the  accompanying  figures,  has  been  entirely  derived  from  the  magni- 
ficent work  of  Tiedemann  on  the  ' '  Anatomy  of  the  Arteries. " 
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rise  to  but  one  set  of  changes  in  the  atmosphere  (namely,  the  removal  of 
^-^^  nfT+t  nxvo-en  and  a  replacement  of  this  by  carbonic  a<;id),  Vege- 
X  uf^l  W  ^^^^^  of  cLnges,  which  ought  to  be  kept  cpute 
Mnct  fxom  each  other  m  a  scientific  description  of  them  their  nature 
S  the  iTources  being  alike  different;  and  that  it  is  only  on  account 
Sthe  ex  ess  of  one  set  of  these  changes  beyond  that  which  it  antagonises, 
that l/alone  has  received  general  attention,  and  haa  been  commonly 
regarded  as  the  proper  respiration  of  Plants.  _  +n  +hp 

265  Bestricting  the  meaning  of  the  term  Respiration,  then,  to  the 
removal  of  carbonic  acid  from  the  living  system  m  a  gaseous  ^"""^l^^t 
the  introduction  of  oxygen  into  it,  we  have  to  enquire  what  are  those 
most  general  sources  of  demand  for  this  action  m  the  vital  economy, 
which  are  common  to  Plants  and  Animals.  These  appear  to  be  two-fold, 
one  arising  out  of  the  disintegrating  changes  which  are  always  gomg-on 
in  the  Hving  system;  the  other  being  consequent  upon  some  of  those 
chemical  operations,  which  necessarily  participate  in  the  constructive 
ftinctions.    The  former  seem  to  be  the  most  general;  the  latter  are  rather 
of  a  special  character,  and  manifest  themselves  most  strongly,  as  we  shall 
see  hereafter,  at  particular  periods  in  Vegetable  life  (§  274).— All  orgamsed 
bodies,  as  already  explained,  are  liable  to  continual  disintegration  even 
whUst  they  are  most  actively  engaged  in  performing  the  actions  of  Me; 
in  fact,  a  succession  of  organs  whose  individual  duration  is  short,  but 
whose  functional  energy  is  great,  seems  necessary  for  the  mamtenance  of 
the  life  of  the  more  permanent  parts  of  the  organism  (.chap.  lii..  Sect.  1). 
The  necessary  result  of  this  disintegration  is  decay;  and  one  of  the  chief 
products  of  that  decay  is  carbonic  acid.    A  large  quantity  of  this  gas  is 
set  free,  during  the  decomposition  of  almost  every  kind  of  organised 
matter,  the  carbon  of  the  substance  being  united  with  oxygen  supplied 
by  the  air.    Hence  we  find  that  the  formation  and  liberation  of  carbonic 
acid  go-on  with  great  rapidity  after  death,  both  in  the  Plant  and  in  the 
Animal;  its  disengagement  being  but  the  continuation  (so  to  speak)  of 
that  which  has  been  taking  place  during  life.    Thus  in  Plants,  so  soon  as 
they  become  unhealthy,  the  extrication  of  carbon  in  the  form  of  carbonic 
acid  takes  place  in  greater  amount  than  its  fixation  from  the  carbonic 
acid  of  the  atmosphere ;  and  the  same  change  normally  occurs  during  the 
period  that  precedes  the  exuviation  of  the  leaves,  their  tissue  being  no 
longer  able  to  perform  its  characteristic  functions,  and  its  incipient  decay 
giving  rise  to  a  large  increase  in  the  quantity  of  carbonic  acid  set  free. 
In  some  of  these  cases,  it  would  seem  that  the  carbon  of  the  decomposing 
tissue  unites  with  the  oxygen  contained  in  the  fluids  of  the  system,  and 
that  carbonic  acid  is  thus  generated,  the  extrication  of  which  contributes 
to  the  introduction  of  fresh  oxygen  (§  266)  :  in  other  instances,  however, 
the  oxygen  may  be  more  directly  derived  from  the  atmosphere. — The 
other  source  of  demand  for  Kespiration,  which  is  common  alike  to  Plants 
and  to  Animals,  arises  out  of  the  chemical  transformations  which  are 
always  going-on  in  their  systems,  as  a  part  of  their  nu.trient  operations. 
These  are  as  yet  but  very  little  understood;  but  enough  is  known  to 
justify  the  belief,  that  in  many  of  them  the  presence  of  oxygen  is  essential, 
and  that  carbonic  acid  is  among  their  products.    Examples  of  such  trans- 
formations, drawn  from  the  Vegetable  kingdom,  will  be  given  hereafter 
(chap,  viii.,  Sect.  2);  but  it  may  be  remarked  in  this  place,  that  the 
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ZT!  1  f  '"S^"'  ^  ^^'^^g«        takes  place  in  the  neigh- 

c.Zrw^!  ""^^^yg^^^g  Pa^-His  accompanied  by  the  combination  of 
caibon  with  oxygen  to  a  considerable  amount;  and  tliat,  in  general,  the 
pi  oduction  ol  the  vast  multitude  of  organic  compounds  yielded  by  Pknts 
from  the  substances  which  are  fii-st  generated  by  them  at  the  expense  of 
tJie  inoi;ganic  elements,  requires  a  series  of  chemical  changes,  in  several 
ot  wluch  oxygen  is  taken-in  and  carbonic  acid  given  forth.  Although 
the  number  of  organic  compounds  generated  by  Animals  is  much  less 
than  that  which  we  find  in  Plants,  yet  there  can  be  no  doubt,  from  a 
comparison  of  their  atomic  constitution,  that  oxygen  must  betaken  into 
combmation,  and  carbonic  acid  given-ofi",  in  many  of  the  chemical  trans- 
tormations  which  take  place  in  the  living  body;  some  of  the  most  remark- 
able ot  which  will  be  described  in  their  proper  place  (chap,  viii.,  Sect.  3). 
— ±5esides  the  evolution  of  carbonic  acid  and  the  absorption  of  oxygen, 
it  would  appear  that  the  exposure  of  the  circulating  fluid  to  the  air 
IS  the  means  of  keeping  the  Mtrogen  of  the  system  at  its  proper 
standard;  this  gas  being  absorbed  or  exhaled,  according  as  there  is  a 
dehciency  or  a  superfluity  of  it  in  the  fluids  of  the  body  (§  320). 

266.  The  whole  series  of  reactions  taking  place  between  the  living 
organism,  and  the  air  which  surrounds  it  or  which  is  contained  in  the  water 
wherein  it  lives,  may  be  conveniently  included  under  the  general  term 
Aeration.    This  aeration  would  appear  to  be,  like  absoq^tion,  a  change 
dependent  on  physical  agencies,  and  occurring  in  conformity  with  then- 
laws,  when  the  requisite  conditions  are  supplied  by  the  structures  of  an 
organised  being,  and  by  the  functional  alterations  which  the  Hving  state 
involves. — All  gases  of  difierent  densities,  which  are  not  disposed  to 
unite  chemically  with  one  another,  have  a  strong  tendency  to  mutual 
admixture.    Thus,  if  a  vessel  be  partly  filled  with  hydi-ogen,  and  partly 
with  carbonic  acid,  the  latter,  which  is  22  times  heavier  than  the  former, 
will  not  remain  at  the  bottom,  but  the  two  gases  will  be  found  in  a  short 
time  to  have  uniformly  and  equably  mixed ;  and  it  is  on  this  principle 
that  the  constitution  of  the  atmosphere  is  everywhere  the  same,  although 
the  gases  which  compose  it  are  of  different  specific  gravities.    So  strong 
is  this  tendency  to  admixture  on  the  part  of  different  gases,  that  it  will 
take  place  when  a  membrane  or  other  porous  medium  is  interposed 
between  them.     This  interchange,  therefore,  evidently  resembles  the 
endosmose  and  exosmose  of  fluids  (§  169);  and  although  the  tendency  to 
admixture  of  the  two  gases  is  the  fundamental  cause  of  their  movement, 
the  nature  of  the  septum  has  so  much  influence  over  the  phenomenon,  as 
sometimes  to  reverse  the  results.    When  plaster-of-paris  is  employed  as 
the  medium  of  diffusion,  the  exchange  will  take  place  with  simple  relation 
to  the  relative  densities  of  the  gases ;  and  a  general  law  has  been  ascer- 
tained by  Prof.  Graham,  which  applies  to  all  instances, — that  the  'rei^lac- 
ing'  or  '  mutual-diffusion'  volumes  of  different  gases  vary  inversely  as  the 
square-roots  of  their  densities.    Thus,  if  a  tube,  closed  at  one  end  with 
a  plug  of  plaster-of-paris,  be  filled  with  hydrogen,  the  gas  will  soon  be 
entirely  removed,  and  will  be  replaced  by  something  more  than  one  fourth 
of  its  bulk  of  atmospheric  air;  the  density  of  hydi'ogen  being  about 
1-1 4th  that  of  the  atmosiDhere.    But  when  organic  membranes  are  em- 
ployed, the  result  is  much  influenced  by  the  relative  facility  with  which 
each  gas  permeates  the  sejDtum.    Thus  carbonic  acid  passes  tlirough  moist 
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bladder  much  more  readily  than  hydrogen  does;  and  m  consequence, 
when  I  Uadder  of  hydrogen  is  placed  in  an  atmosphere  of  carboinc  acid,  a 
!^^.rnT.r,ti+v  of  hvdi-0-cn  will  pass  out;  but  a  much  larger  proportion 
TflXr  ac^^f^l  ente^  so  as  tl  distend  the  bladder  even  to  bursting 
IXheH  IS  found  that  if  a  fluid  be  charged  with  any  gas  which  it 
leaSlv  ab  or^  (as,  for  example,  water  with  carbonic  acid),  it  will  speedily 
mrt  ^th  it  when  exposed  to  the  attracting  influence  of  another  gas,  such 
i  at^spheric  air;  a^d  the  more  different  the  densities  of  he  two^ases 
the  more  rapicUy,  and  with  more  force,  will  this  take  place     As  in  the 
forirTnst^Le,  this  attraction  will  go-on  with  little  -  -'uption  bro^^^^ 
a  porousmembrane;  and  paxt  of  the  exterior  gas  will  be  absorbed  by  the  fluid 
(if  of  a  nature  to  b^  so  imbibed),  in  place  of  that  which  has  been  removed. 
^  267  These  simple  phenomena  will  afford  a  key  to  the  explanation 
of  the  changes  which  take  place  in  the  aeration  of  the  circulating  fluid 
bv  exposiu^e  to  an-;  for  it  seems  a  universal  fact,  that  cm'bomc  acid 
existing  in  that  fluid  is  exhaled,  and  is  replaced  by  absorbed  oxygen  ;  and 
that  an  exhalation  and  absorption  oi  nitrogen  take  place  m  animals,  and 
perhaps  also  in  plants, 

2.  Respiration  in  Tlarats. 
268  Under  the  above  designation  have  been  associated  two  distinct 
changes,  both  nearly  constant  throughout  the  Vegetable  kingdom.  The 
atmosphere  being  the  chief  source  whence  Carbon  is  supphed  to  the 
living  plant,  the  introduction  of  that  element  has  been  confounded  with 
the  contrary  change,  which  is  also  necessary  for  the  continued  health  of 
the  structure,  and  which  corresponds  exactly  with  the  respiration  of 
Aaiimals.    The  introduction  of  carbon  is  effected  by  the  power  wHch  the 
green  surfaces  of  Plants  possess,  of  decomposing,  under  the  stimulus  of 
light,  the  carbonic  acid  contained  in  the  air  or  in  the  liquids  supplied  to 
them;  and  of  retaining  or  fixing  its  carbon,  whilst  they  set  free  its 
oxygen.    In  the  Phanerogamia,  the  green  surfaces  of  the  leaves,  and 
other  appendages  to  the  axis,  are  those  by  which  this  fixation  of  carbon, 
which  may  be  considered  as  a  process  of  alimentation,  is  chiefly,  if  not 
entirely  effected;  and  where,  as  in  the  Cactus  tribe,  the  leaves  are  defi- 
cient, but  the  stems  are  succulent  and  their  suifaces  green,  it  is  obvious 
that  these  last  perform  the  same  function.  In  the  Ferns,  Mosses,  &c.  there 
is  the  same  separation  of  parts  as  in  the  Flowering  plants ;  and  the  process 
is  here  also,  without  doubt,  performed  by  the  green  parts  of  the  surface. 
Of  the  inferior  Cryptogamia,  however,  we  know  very  little.    The  Fungi 
would  not  seem  to  depend  upon  the  atmosphere  for  any  part  of  their 
supply  of  carbon,  which  is  altogether  furnished  by  their  peculiar  aliment 
(§  121);  and  these  plants  scarcely  ever  present  any  green  surface,  and 
flourish  most  in  situations  to  which  light  has  but  little  access.    The  same 
may  be  said  of  the  Guscuta  (dodder)  and  other  leafless  parasitic  plants  of 
more  complex  structure,  that  live  upon  the  prepared  juices  they  derive 
from  the  plant  to  which  they  attach  themselves.    There  can  be  no  doubt 
that  Lichens  ordinarily  obtain  the  carbon  which  enters  into  their  struc- 
ture, entirely  from  the  atmosphere;  and,  that  the  Algce  are  supported,  in 
like  manner,  by  the  carbonic  acid  contained  in  the  circumambient  water; 
but  experiments  are  yet  wanting  to  ascertain  the  precise  conditions  under 
which  its  assimilation  is  eft'ccted.    Few  Lichens  have  any  green  surfaces; 
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and  although  many  of  the  AlgjB  are  very  brilliantly  coloured  vet  we  find 
t  em  occasionally  existing  at  such  depths,  as  makJit  difficlto  Sieve 

in  flV?^  !f  "^Poi-tant  influence  in  maintaining  it 

ILt ll  f  f^^'tJie  f  PPort  of  animal  life;  since  it  seems  probable  that 
they  absorb  the  products  of  the  decomposition  of  that  foul  matter  -by 
which  all  ponds  and  streams  are  constantly  being  polluted,  and  at  the 
same  time  yield  a  supply  of  oxygen  to  the  water.  It  is  a  notorious  fact 
that  _bishes  are  never  so  healthy  in  reservoirs  destitute  of  aquatic  plants 
as  m  ponds  and  streams  in  which  these  abound. 

269.  The  entire  mass  of  Vegetation  upon  the  surface  of  the  globe,  is 
thus  mainly  dependent  upon  the  minute  proportion  of  carbonic  acid  con- 
tained m  the  Atmosphere,  which  is  not  above  5  parts  in  10,000  This 
seems  to  be  as  much  as  Plants  in  general,  under  the  feeble  illumination 
which  those  of  them  are  liable  to  receive,  whose  '  habitat '  is  in  variable 
climates,  could  advantageously  make  use  of;  and  a  larger  proportion 
would  probably  have  been  inj  m-ious  to  them,  as  well  as  to  Animals.  But 
It  has  been  ascertained  by  direct  experiment,  that  Plants  will  thrive  in  an 
atmosphere  containing  six  or  eight  per  cent,  of  carbonic  acid,  or  even 
more,  so  long  as  they  are  exposed  to  strong  sun-Hght;  and  it  would 
appear  that  m  climates  where  the  solar  light  is  less  obscured  by  clouds 
than  it  IS  m  our  own,  the  growth  of  plants  may  be  favoured  by  an 
unusual  supply  of  this  alimentary  substance.    Thus  the  floating  islands 
which  are  constantly  being  formed  on  the  lake  Solfatara  in  Italy,  exhibit 
a  striking  example  of  the  luxuriance  of  cryptogamic  vegetation  in  an 
atmosphere  impregnated  with  carbonic  acid.     These  islands  consist 
chiefly  of  Confervse  and  other  simple  cellular  plants,  which  are  copiously 
supplied  with  nutriment  by  the  carbonic  acid  that  is  constantly  escaping 
from  the  bottom  of  the  lake,  with  a  violence  which  gives  to  the  water  an 
appearance  of  ebullition.*    Dr.  Schleiden  mentions  that  the  vegetation 
around  the  springs  in  the  valley  of  Gottingen,  which  abound  in  carbonic 
acid,  is  very  rich  and  luxuiiant;  appearing  several  weeks  earlier  in  spring, 
and  continuing  much  later  in  autumn,  than  at  other  spots  in  the  same 
district,  t — A  very  ingenious  hypothesis  has  been  raised  by  M.  Brongniart 
upon  the  fact,  that  an  increased  quantity  of  carbon  may,  under  particular 
cii-cumstances,  be  assimilated  by  Vegetables.    He  supposes  that,  at  the 
epoch  of  the  growth  of  those  enormous  primeval  forests  which  supplied 
the  materials  of  the  coal-formation,  the  atmosphere  was  highly  charged 
with  carbonic  acid,  as  well  as  with  humidity ;  and  that  from  this  soui-ce, 
the  Ferns,  Lycopodiacese,  and  Coniferse  of  that  era  were  enabled  to  attain 
their  gigantic  development.    He  imagines  that  they  not  only  thus  con- 
verted into  organised  products  an  immense  amoimt  of  carbonic  acid, 
which  had  been  previously  liberated  by  some  changes  in  the  mineral 
world,  but  that,  by  removing  it  from  the  atmosphere,  they  prepai'ed  the 
earth  for  the  residence  of  the  higher  classes  of  Animals.   The  hypothesis  is 
a  very  interesting  one,  and  well  deserves  consideration.  It  may  be  regarded 
as  an  almost  absolute  certainty,  that  the  whole  of  the  carbon  now  solidi- 
fied in  the  coal-deposits  of  various  ages,  must  have  ]oreviously  existed  in 

*  Su-  H.  Davy's  "  Cousolations  in  Travel,"  3rcl  ed.  p.  116. 
t  "  Wiegman's  Archiv."  Bel.  iii.  1838. 
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the  atmosphere;  and  if  we  were  acquainted  with  the  extent  of  these  it 
woxUd  be  a  simple  matter  of  computation  to  determine,  whether,  if  all  this 
Carbon  were  reconverted  into  carbonic  acid,  it  would  sensibly  affect  the 
proportion  of  that  ingredient  in  the  atmosphere. -The  recent  expenments 
of  Dr.  Daubeny*  to  a  certain  extent  justify  the  hypothesis  of  M  Bron- 
cniart  by  showing  that  the  existing  Plants  and  Animals  most  alhed  to 
tliose  of  the  Carboniferous  period  can  exist  without  mjury  m  an  atmo- 
sphere containing  nearly  5  per  cent  of  carbonic  acid  ;  and  if  s^ch  a 
cUfference  of  climate  then  prevaUed  (m  consequence  eitl^^r  of  a  diffei  ent 
distribution  of  land  and  water,  or  of  the  internal  heat  of  the  globe)  as 
would  enable  the  solar  rays  to  act  with  more  constancy  and  power  than 
they  do  in  Britain  at  the  present  time,  there  seems  no  reason  for  asserting 
that  such  mwA«  not  have  been  the  case,  t 

270  The  change  which,  strictly  speaking,  constitutes  the  Respiration 
of  Vegetables,  is  not,  like  that  we  have  been  describing,  an  occasional  one; 
but  is°  constantly  taking  place  during  the  whole  life  of  the  plant,  and  ap- 
pears to  be  more  immediately  necessary  to  its  healthy  existence.  This 
consists  ia  the  disengagement  of  the  superfluous  carbon  of  the  system, 
either  by  combination  with  the  oxygen  of  the  air,  or  (which  is  more 
likely)  by  replacing  with  carbonic  acid  the  oxygen  that  has  been  absorbed 
from  it;  and  it  does  not  cease  by  day,  by  night,  in  sunshine,  or  in  shade. 
If  the  function  be  checked,  the  plant  soon  dies,— as  when  placed  m  an 
atmosphere  with  a  large  proportion  of  carbonic  acid,  and  without  the 
stimulus  of  light  which  enables  it  to  decompose  the  deleterious  gas. 
Plants  which  are  being  'etiolated'  by  the  want  of  light,  absolutely 
diminish  in  the  weight  of  their  solid  contents,  owing  to  the  continued 
excretion  of  carbon  by  the  respiratory  process,  although  their  hulk  may 
be  much  increased  by  the  absorption  of  water ;  and  if  the  proportion  of 
carbonic  acid  in  the  surrounding  air  be  augmented  by  its  accumulation, 
they  become  sickly  and  die,  from  the  impediment  to  their  respiration. 
The  parallel,  therefore,  between  Plants  and  Animals  appeare  to  be  com- 
plete, as  regards  the  influence  of  carbon  upon  their  growth;  for  to  both  it 
is  deleterious  when  breathed,  while  to  both  it  is  invigorating  when  intro- 
duced through  the  digestive  system  as  food;  and  whenever  Plants,  or  parts 
of  Plants,  derive  their  nutriment,  like  Animals,  from  organic  compounds 
already  prepared  for  them,  there  do  we  find  the  true  respiratory  process 

*  "Eeport  of  the  British  Association"  for  1849;  p.  66. 

t  The  Author  would  suggest  it  as  a  point  worthy  of  further  consideration,  whether  there 
may  not  have  been  a  special  relation  between  the  luxuriant  growth  of  the  plants  that  fur- 
nish those  carbonaceous  deposits,  which  are  found  especially  to  be  intercalated  amongst  the 
Carboniferous,  Oolitic,  Wealden,  and  Cretaceous  formations ;  and  the  deposit  of  those  vast 
calcareous  beds  with  which  they  are  so  remarkably  associated.  The  latter,  there  is  strong 
reason  to  believe,  are  almost  entirely  of  animal  origin ;  the  carbonate  of  lime  having  been 
drawn  by  Zoophytes,  Echinoderms,  and  MoUusks,  from  the  waters  of  the  ocean,  just  as  the 
carbon  of  the  vegetation  of  these  periods  was  drawn  from  the  carbonic  acid  of  the  atmo- 
sphere. Now  if  we  imagine  that  during  the  progress  of  those  deposits,  there  was  an  unusual 
discharge  of  carbonate  of  lime,  held  in  solution  by  free  carbonic  acid,  by  submarine  springs 
issuing  from  the  interior  of  the  eai-th  (like  the  Solfatara  and  other  calcareous  springs,  which 
furnish  the  '  travertine'  deposits,  and  at  the  same  time  promote  the  gi-owth  of  plants,  at  the 
present  day),  we  seem  to  have  a  probable  account  of  the  extraordinary  abundance  of  carbo- 
nate of  lime  in  the  ocean-waters,  and  of  carbonic  acid  in  the  atmosphere,  at  those  periods  ; 
since  the  greater  part  of  the  latter  would  have  escaped  into  the  air,  so  soon  as  it  became 
free  to  do  so  by  the  removal  of  the  pressure  which  previously  restrained  it. 
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Th^i  tt         .  counterbalancing  fixation  of  carbon  as  aliment, 

w^ih  if  ZX^'  pT  Fungi  in  general;  it  is  the  case,  too, 

TuUm      f  ?  "lie  parasites,  which  draw  their  materials  from 

sdvP  7??r9?  1?^^^*''  ^^'^^'^^  of  preparing  them  for  them- 

seives  6oZ);  it  is  the  case  also  with  the  growing  embryo,  whose  food 
IS  derived  fi-om  the  store  laid-up  in  the  seed,  and  whose  action  upon  the 
air  IS  contraiy  to  that  of  the  developed  plant,  until  it  has  exhausted  this 
store,  and  has  unfolded  its  leaves  to  the  light  so  as  to  take  in  fresh  carbon 
trom  the  atmosphere;  it  is  the  case,  again,  with  aU  the  growing  parts 
which  derive  their  nutriment  from  the  leaves  (not  being  themselves  able 
to  decompose  carbonic  acid),  and  especially  Avith  the  flowers ;  and  it  is  the 
case,  too,  even  with  the  leaves  themselves,  when  their  functional  activity 
IS  diminishing,  and  the  decomposing  changes  in  their  tissue  are  com- 
mencing. 

271.  It  becomes  a  question  of  much  interest,  to  determine  the  relative 
amounts  of  carbon  thus  absorbed  and  excreted  by  Vegetables.  Since 
a  large  part  of  the  solid  material  of  their  tissues  is  derived  from  the 
atmosphere,  it  is  evident  that  the  whole  quantity  of  carbonic  acid  in  the 
arr  must  be  diminished  by  their  growth;  but  as  a  certain  proportion  of 
that  carbonic  acid  is  taken-in  by  the  roots,  which  are  supplied  with  it 
through  the  absorbent  agency  of  the  soil  (§  120),  the  agency  of  the  leaves 
requires  to  be  tested  by  experiment.  Such  experiments  have  been 
repeatedly  made  by  very  careful  and  experienced  observers;  and  the 
general  result  of  them  is,  that,  so  long  as  the  leaves  continue  in  healthy 
action,  and  are  exposed  to  the  influence  of  light,  they  are  actively 
engaged  in  taking-in  carbon  from  the  atmosj^here  ;*  and  that,  when 
entire  plants,  consisting  not  only  of  leaves,  but  of  stems  and  other  parts, 
are  confined  in  the  same  portion  of  air,  day  and  night,  and  are  duly 
supplied  with  carbonic  acid  gas  during  sunshine,  they  will  go  on  adding 
to  the  proportion  of  oxygen  present,  so  long  as  they  continue  healthy; 
the  slight  diminution  of  oxygen  and  increase  of  carbonic  acid  which  take 
place  during  the  night,  bearing  no  considerable  ratio  to  the  degree  in 
which  the  opposite  efiect  occurs  by  day.t  The  balance  of  nutrition, 
therefore,  between  the  Animal  and  Vegetable  kingdoms,  is  thus  main- 
tained in  a  very  perfect  and  interesting  manner. 

272.  With  regard  to  the  changes  efiected  by  vegetation  upon  the 
principal  constituent  of  the  atmosphere — Nitrogen — ^no  very  certain  or 
definite  statement  can  be  made.  Although  this  element  enters  largely 
into  the  composition  of  Plants,  there  seems  reason  to  believe  that  all 
which  they  require  is  derived  by  them,  not  dii'ectly  from  the  atmo- 
sphere, but  by  the  decomposition  of  the  ammonia  absorbed  by  the  soil, 
and  taken-up  in  solution  by  the  roots  (§  120);  indeed  proof  is  wanting 
that  the  free  nitrogen  of  the  air  has  any  concern  with  vegetable 
respiration;  for  the  few  experiments  which  have  been  performed  with 
express  view  to  this  subject,  lead  to  the  belief  that  azote  is  as  frequently 
exhaled  as  absorbed. 

273.  In  the  Fungi  among  Cryiotogmnia,  however,  and  in  the  '  leafless 

*  See  the  experiments  of  Mr.  Pepys  in  tlie  "Philosophical  Transactions"  for  1843, 
p.  329. 

t  See  Dr.  DauLeny's  letter  to  Prof.  Liudley,  in  his  "Introduction  to  Botany,"  Vol.  ii. 
p.  297. 
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mrasites'  (such  as  the  tribe  of  Orohcmchea')  among  Phcmerogarma  we 
rvTeSmples  of  the  performance  of  the  true  respiratory  process  without 
?he  anurnizing  action  of  the  alimentative ;  the  only  cliange  whicli  the 
SoXof  these  plants  induces  in  the  surrounding  aii^  being  the  replace- 
of  its  oxygen  by  carbonic  acid.  Thus,  from  the  experiments  of 
rarcefupon  Fimgi,  it  appeared  that  growing  Agarics  absorbed  from  the 
^r  a  laSe  quant^;  of  oxygen  i  a  portion  of  which  appears  to  combme 
^^th  the  clrbon  of  the  plant,  and  thus  to  form  the  carbonic  acid  which 
x^pKces  irwMlsttheri^^^  retained  m  structure. 

The  rent^Iperiments  of  M.  Lory  upon  the  respiration  of  the  Oroban- 
cheV*  are  pec  iHarly  interesting.    He  found  that  m  every  stage  of  their 
t^lZn^.\\  the  parts  of  these  plants,  whether  they  are  exposed  to  solar 
Solt,  or  whether  they  are  kept  in  the  dark,  absorb  oxygen  and  give  out 
carbonic  acid;  the  volume  of  the  carbonic  acid  generated  bemg  nearly 
equal  to  that  of  the  oxygen  wliich  disappears.    But  that  the  production  of 
carbonic  acid  is  not  a  result  of  a  mere  umon  of  carbon  excreted  by  the 
plant,  with  atmospheric  oxygen,  but  takes  place  m  the  interior  of  the 
plant  as  a  part  of  the  changes  in  which  its  growth  consists  appears  from 
the  fact,  that  the  disengagement  continues  for  a  time  when  the  plants 
are  siuTounded  by  an  atmosphere  of  pure  hydrogen   (A  parallel  fact  will 
hereafter  be  cited  in  regard  to  the  respiration  of  Animals,  §  dlJ.)  ihe 
amount  of  carbonic  acid  exhaled  is  augmented  by  warmth,  which  in- 
creases the  activity  of  the  nutrient  operations;  and,  as  m  other  plants,  it 
is  peculiarly  great  during  the  period  of  flowering.    The  contrast  between 
the  action  of  one  of  these  leafless  parasites  upon  the  atmosphere,  and  that 
of  the  plants  from  which  they  draw  their  nutriment,  was  curiously  dis- 
played by  placing  in  two  receivers  of  the  same  capacity,  a  portion  of  the 
stem  of  an  Orohcmche,  and  a  portion  of  the  leafy  stem  of  the  Teucrimn 
on  which  it  grew,  each  piece  being  of  the  same  weight;  the  atmosphere 
surrounding  them  was  composed  of  six  volumes  of  common  air  mingled 
with  one  of  carbonic  acid;  and  they  were  exposed  to  light  from  9  A.M. 
until  3  P.M.  of  the  succeeding  day.    At  the  end  of  this  time,  the  atmo- 
sphere of  the  jar  containing  the  Teucrium  did  not  present  a  trace  of 
carbonic  acid,  whilst  that  in  which  the  Orobanche  had  been  immersed 
exhibited  such  an  augmentation  of  carbonic  acid,  that  whilst  its  original 
proportion  to  the  oxygen  was  as  20  to  25,  it  was  then  as  36  to  9. — The 
explanation  of  this  difference  is  doubtless  to  be  foimd  in  the  mode  in 
which  parasitic  plants  obtain  their  nourishment.    Being  supported,  like 
Animals,  upon  organic  compounds  that  have  been  already  elaborated  by 
agency  of  other  Plants,  they  are  entirely  destitute  of  the  power  of 
decomposing  the  atmospheric  carbonic  acid  for  the  purpose  of  alimenta- 
tion; and  the  sole  change  which  they  produce  in  the  surrounding  air,  is 
of  the  same  kind  with  the  respiration  of  animals.    As  already  remarked, 
there  is  every  reason  to  believe  that  the  same  change  takes  place  in  all 
other  Plants,  and  that  carbonic  acid  is  continually  given-off"  from  their 
mterior,  whilst  oxygen  is  absorbed;  although  this  is  masked  by  the 
opposite  change,  which  is  effected  by  their  green  swfaces  during  the 
influence  of  light  upon  them.  For  so  soon  as  the  light  ceases  to  act  upon 
the  latter,  the  respiratory  change  makes  itself  manifest ;  and  it  has  been 


*  "  Aunales  des  Sciences  Naturelles,"  Z"  Scr.,  Botan.,  Tom  viii.,  p.  158. 
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shown  by  the  experiments  of  Saussure,  that  through  the  dmk  portions  of 
plants,  this  change  is  continually  taking  place. 

274.  Further,  tliere  are  certain  processes  in  the  life  of  all  Phanero- 
gamia,  in  which  the  function  of  Kespiration  seems  to  go  on  with  remark- 
able actmty,  and  in  which  its  manifestation  is  not  concealed  by  the 
converse  operation.    One  of  these  is  Germination,  or  the  development  of 
the  young  plant  from  seed,  which  requires  that  the  starch  laid-up  by 
the  parent  for  the  support  of  the  embryo  should  be  converted  into  sugar 
the  latter  being  the  form  in  which  it  is  applied  to  the  purposes  of  nutri- 
tion.   This  conversion  involves  the  liberation  of  a  quantity  of  carbon 
which  is  disengaged  by  means  of  its  combination  with  the  oxygen  of  the 
surrounding  atmosphere;  and  the  young  plant  may  then  be  regarded  as 
living  under  the  same  conditions  as  the  parasitic  tribes  just  referred-to 
its  nutriment  being  supplied  to  it  without  the  necessity  for  the  alimenta- 
tive  operation  which  it  will  be  afterwards  required  to  perform.  Germi- 
nation takes  place  most  readily  in  the  dark,  since  the  extrication  of 
carbon,  which  is  the  most  essential  part  of  the  change,  would  be  anta- 
gonised by  the  influence  of  Hght.    The  young  plant  is,  therefore,  much 
m  the  condition  of  one  which  is  being  '  etiolated;'  and  it  is  accordingly 
found  that,  during  the  early  period  of  germination,  the  weight  of  the 
solid  contents  of  the  seed  diminishes  considerably,  though  its  bulk  in- 
creases by  the  absorption  of  moisture.    This  is  its  state  until  the  cot9/le- 
dons,  or  seed-leaves,  have  arrived  at  the  surface,  and  temporarily  perform 
the  fimctions  of  leaves.    It  is  an  interesting  fact  that,  after  many  trials, 
gerrnination  has  been  found  to  take  place  most  readily  in -an  atmosphere 
consisting  of  1  part  oxygen  and  3  parts  nitrogen,  which  is  nearly  the 
proportion  of  the  air  we  breathe.    If  the  quantity  of  oxygen  be  much 
increased,  the  carbon  of  the  OAnile  is  abstracted  too  rapidly,  and  the 
young  plant  is  feeble ;  if  the  proportion  be  too  small,  carbon  is  not  lost 
in  sufficient  quantity,  and  the  yoimg  plant  is  scarcely  capable  of  being 
roused  into  life. — The  changes  which  take  place  during  Flowering,  are 
very  similar  to  those  occurring  in  germination.    A  large  quantity  of 
oxygen  is  converted  into  carbonic  acid  by  the  action  of  the  flower;  and 
it  is  believed  that  the  starch,  previously  contained  in  the  dish  or  recep- 
tacle, is  changed  by  this  process  into  saccharine  matter  adapted  for  the 
nutrition  of  the  pollen  and  young  ovules,  the  superfluous  portion  flowing 
off  in  the  form  of  honey.    It  is  remarkable  that  this  analogy  between 
germination  and  flowering  holds  good,  not  only  in  their  products,  but 
in  the  conditions  essential  to  their  activity.    Neither  will  commence 
except  in  a  moderately  warm  temperature ;  both  require  moisture,  for 
flowers  will  not  open  unless  well  supplied  with  ascending  sap ;  and  the 
presence  of  oxygen  is  in  each  case  necessaiy.    It  has  been  well  ascer- 
tained that  the  carbonisation  of  the  air  bears  a  direct  relation  to  the 
development  of  the  glandular  disk,  and  that  it  is  principally  effected 
by  the  essential  parts  of  the  flower,  or  organs  of  fructification.  Thus, 
Saussure  found  that  the  Arum  Italicuon,  whilst  in  bud,  consumed  in 
twenty-four  hours  5  or  6  times  its  own  volume  of  oxygen;  dining  the 
expansion  of  the  flower,  30  times;  and  during  its  withering,  5  times. 
When  the  floral  envelopes  were  removed,  the  quantity  of  oxygen  con- 
sumed by  the  remaining  parts  was  much  greater  in  proportion  to  their 
volume.    In  one  instance,  the  sexual  apparatus  of  the  Arum  Italicum 
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consumed  iu  twenty-foui-  hours  132  times  its  bulk  of  oxygen.  Saussure 
also  observed  that  double  flovvei-s,  in  which  petals  replace  sexual  organs, 
vitiate  the  aii-  much  less  than  single  flowers  in  which  the  sexual  _  organs 
ai-e  perfect.  (See  also  §  365).-The  same  is  the  case,  again  during  the 
development  of  leaf-buds  from  parts  in  which  as  m  the  tuber  of  the 
Potato)  a  supply  of  starchy  matter  has  been  laid  up  as  the  material  for 
their  evolution/uutil  they  are  so  far  expanded  that  they  can  obtain  carbon 
from  the  atmosphere.  Here,  too,  the  growing  bud  is  m  the  condition  ot  a 
parasite,  being  supported  upon  materials  provided  for  it  by  other  agencies 
than  its  own,  and  here,  again,  we  find  that  the  convemon  of  the_ starch 
into  sugar  is  the  process  with  which  the  production  of  carbonic  acid 
appears  to  be  chiefly  connected.  _  . 

275  Besides  the  means  of  aeration  which  the  transmission  ot  the 
nutritive  fluid  to  the  external  surface  afi'ords,  the  more  highly  organised 
Plants  seem  to  have  the  power  of  admitting  air  into  cavities  existing  m 
the  leaves  (especiaUy  beneath  their  inferior  cuticle,  Fig.  156),  through 
their  stomata;  and  in  this  manner  a  much  larger  extent  of  membrane 
is  exposed  to  its  influence.  The  peculiar  organisation  which  is  probably 
subservient  to  this  purpose,  will  be  hereafter  described  (§§  325,  326) 
under  the  head  of  exhalation,  for  which  function  it  appears  more  parti- 
cularly designed.  But,  superadded  to  this,  we  find  in  the  Phanerogamia 
a  system  of  tubes  apparently  intended  to  connect  the  interior  of  the 
structui-e  with  the  external  air.  These  are  the  spiral  vessels,  which,^  in 
their  perfect  form,  are  seldom  found  to  contain  any  but  gaseous  fluids. 
In  Exogens  they  are  usually  confined  to  the  '  medullary  sheath'  imme- 
diately surrounding  the  pith ;  in  Endogens  they  are  more  universally 
distributed  through  the  stem,  forming  part  of  every  bundle  of  fibro- 
vascular  tissue.  In  each  case,  however,  they  traverse  the  stem  in  such  a 
manner  as  to  enter  the  leaves  through  their  footstalks ;  and  they  seem  to 
communicate  with  the  intercellular  passages,  and,  through  their  medium, 
if  not  more  dii-ectly  (as  some  have  supposed),  with  the  external  air.  A 
curious  analogy  exists  between  these  respiratory  tubes  and  the  trachea}  of 
Insects  (§  302);  and  although  their  exact  ofiice  is  not  fully  ascertained, 
there  can  be  little  doubt  that  they  contribute  in  some  way  to  the  aeration 
of  the  internal  fluids.  It  has  been  found  that  they  contain  a  larger 
quantity  of  oxygen,  by  7  or  8  per  cent.,  than  that  which  exists  in  the 
atmosphere. — In  a  great  number  of  the  aquatic  tribes,  both  among  the 
simpler  and  the  more  highly  organised  plants,  we  find  cavities  expressly 
adapted  for  the  inclusion  of  air ;  but  these  would  seem  designed  rather 
to  give  buoyancy  to  the  structure,  than  to  take  any  share  in  the  Respi- 
ratory function.  The  air  which  they  contain,  however,  is  seldom  identical 
in  composition  with  that  of  the  atmosphere. 

276.  Regarding  the  progressive  evolution  of  the  Respiratory  system  in 
Plants,  much  might  here  be  said,  which  will  perhaps  be  more  advan- 
tageously deferred  to  the  account  of  their  general  development  (chap.  xi). 
It  may  be  remarked,  however,  that  the  early  form  of  the  embryo  of  the 
Flowering-plants  resembles  in  its  want  of  special  organs,  the  simple 
vegetation  of  the  cellular  Cryptogamia,  although  it  difiers  in  regard  to 
the  mode  in  which  nutriment  is  supplied;  the  latter  deriving  it  by  their 
unassisted  powers  from  the  surrounding  elements,  whilst  the  former  is 
provided  with  it  by  the  parent.    At  the  first  period  of  the  germination 
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of  tlie  seed,  a  close  analogy  exists,  as  we  liave  seen,  between  the  growing 
embryo  and  the  tribe  of  Fungi.  Both  are  specially  supplied  with  nutriment, 
which  is  prepared  in  the  one  case  by  its  parent,  and  in  the  other  by  the 
decay  of  animal  or  vegetable  matter;  both  are  developed  most  rapidly 
when  supplied  with  warmth  and  moisture,  and  in  the  absence  of  light ; 
and  both  liberate  carbon  to  a  large  amount,  without  assimilating  any  from 
the  atmosphere.  By  the  time,  however,  that  the  cotyledons  have  risen 
to  the  surface  and  acquired  a  green  colour,  the  plant  has  advanced  a 
stage  in  its  gr-owth,  and  as  to  its  respiratory  system  has  now  attained  the 
level  of  the  Marchantia  (§  27),  possessing,  like  it,  stomata  and  inter- 
cellular spaces,  but  being  destitute  of  spiral  vessels.  These  do  not  appear 
tmtil  true  leaves  are  evolved;  and  by  the  time  that  this  last  stage  in 
the  development  has  taken  place,  the  cotyledons,  which  may  be  regarded 
as  temporary  respiratory  organs,  decay  away. — When  we  have  traced  the 
evolution  of  the  respiratory  system  of  Animals  in  a  similar  manner,  we 
shall  observe  a  most  interesting  correspondence  between  the  consecutive 
phenomena,  as  they  occur  in  the  two  kingdoms  respectively. 

3.  Respiration  in  Animals. 

277.  The  dependence  of  the  life  of  Animals  upon  the  constant  per- 
formance of  the  Respiratory  function,  is  more  immediate  than  that  of 
Plants ;  and  this  arises,  not  merely  from  the  circumstance  that  there  are 
sources  of  demand  for  oxygen  and  of  production  of  carbonic  acid  in  the 
former,  which  do  not  exist  in  the  latter ;  but  also  fi'om  the  fact,  that 
from  those  which  are  common  to  both  (§  265),  the  amount  of  cai'bonic 
acid  generated,  as  well  as  of  oxygen  required,  is  far  larger  in  the  Animal 
than  in  the  Plant.  The  more  active  are  the  organic  fimctions,  and  the 
softer  and  more  prone  to  decomposition  are  the  tissues,  the  more  con- 
siderable will  be  that  constant  decay  to  which  all  organised  fabi'ics  are 
exposed,  even  during  life :  and  thus  in  '  warm-blooded'  animals,  the  high 
temperature  of  the  body,  which  favours  the  vital  activity  of  its  com- 
ponent organs,  and  causes  them  to  live  fast,  will  accelerate  their  decay, 
and  will  hence  give  rise  to  a  more  rapid  production  of  carbonic  acid  and 
to  a  greater  demand  for  oxygen;  whilst  in  '  cold-blooded'  animals,  so  long 
as  the  temperature  of  their  bodies  is  low,  the  '  waste'  of  the  tissues  from 
this  source  is  kept  down,  their  rate  of  life  being  comparatively  slow. 
But  when  the  temperature  of  the  Reptile  is  raised  by  external  heat 
nearer  the  level  of  that  of  the  Mammal,  its  need  for  respiration  increases, 
owing  to  the  augmented  waste  of  its  tissues.  When,  on  the  other  hand, 
the  warm  blooded  Mammal  is  reduced,  in  the  state  of  hybernation,  to 
the  level  of  the  cold-blooded  Reptile,  the  waste  of  its  tissues  diminishes  to 
such  an  extent,  as  to  require  but  a  very  small  exertion  of  the  i-espiratory 
process  to  get  rid  of  the  carbonic  acid  which  is  one  of  its  chief  products. 
And  in  those  animals  which  are  capable  of  retaining  their  vitality  when 
frozen,  or  when  their  tissues  are  completely  dried-iip,  the  decomposition 
is  for  the  time  entirely  suspended,  and  consequently  there  is  no  carbonic 
acid  to  be  set  free. 

278.  But  another  source  of  Carbonic  acid  to  be  set  free  by  the  Respi- 
ratory process,  and  one  which  is  peculiar  to  Animals,  consists  in  the 
rapid  changes '  which  take  place  in  the  Muscular  and  Nervous  tissues, 
during  the  period  of  their  activity.    Every  development  of  musculai- 
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force  or  of  nervous  power  is  accompanied  by  a  destructive  change  in  a 
ceitain  amount  of  tissue,  to  which  change  the  presence  of  Oxygen  is 
essential;  and  one  of  the  products  of  the  union  of  oxygen  with  the 
elements  of  the  Nervous  and  Muscular  substances,  is  carbonic  acid 
Hence  it  may  be  stated  as  a  general  principle,  that  the  peculiar  waste  of 
these  substances,  which  is  a  condition  of  their  functional  activity,  and 
which  is  altogether  distinct  from  the  general  slow  decay  that  is  common 
to  them  with  other  tissues,  is  another  source  of  the  generation  of  car- 
bonic acid,  and  of  the  demand  for  oxygen  in  the  animal  body;  and  that 
the  amount  of  the  one  gas  produced,  and  of  the  other  gas  required, 
wiU  consequently  depend  upon  the  degree  in  which  these  tissues  are 
exercised.     In  such  animals  as  are  chiefly  made-up  of  the  organs  oi 
ve<^etative  life,  in  whose  bodies  the  nervous  and  muscular  tissues  form 
but  a  very  small  pai-t,  and  in  whose  tranquH  plant-like  existence  there 
is  but  very  Httle  demand  upon  the  exercise  of  their  fimctions,  the  quan- 
tity of  carbonic  acid  thus  liberated  will  be  extremely  small,  and  the 
dependence  upon  a  supply  of  oxygen  by  no  means  close.    On  the  other 
hand,  in  animals  whose  bodies  are  chiefly  composed  of  muscle,  and  whose 
life  is  an  almost  ceaseless  round  of  exertion,  the  quantity  of  carbonic 
acid  thus  liberated  is  very  considerable,  and  the  demand  for  oxygen  is 
incessant;  so  that  vital  activity  is  speedily  suspended,  if  the  respiratory 
function  be  not  performed. — ^We  are  enabled  to  trace  the  connection 
between  the  amount  of  nervo-muscular  exertion,  and  the  energetic  per- 
formance of  the  act  of  respiration)  in  the  class  of  Insects,  better  than  in 
any  other.    They  have  no  fixed  temperature  to  maintain ;  and  they  are 
consequently  not  in  the  condition  of  warm-blooded  animals,  in  which 
the  quantity  of  carbonic  acid  set-free  is  kept-up  to  a  more  regular 
standard  by  the  provision  to  be  presently  noticed.    On  the  other  hand, 
they  are  pre-eminent  among  all  animals  in  the  energy  of  their  muscular 
power,  as  related  to  the  bulk  of  their  bodies,  so  that  the  waste  of 
muscular  tissue  duritig  their  state  of  activity  must  be  very  great ;  and 
we  shaU  hereafter  find  that  the  amount  of  carbonic  acid  generated  in  a 
given  time  bears  a  close  correspondence  with  this  (§  322).  Among 
Reptiles,  also,  the  degree  of  nervo-muscular  activity,  as  of  the  vital 
energy  in  general,  bears  a  constant  relation  to  the  elevation  of  the  tempe- 
rature of  the  body;  so  that  the  demand  for  respiration  from  both  sources 
is  increased  by  external  warmth  (§  323). 

279.  Besides  these  sources  of  demand  for  Respiration,  which  are 
common  to  all  Animals,  there  is  another,  which  appears  to  be  peculiar 
to  the  two  highest  classes.  Birds  and  Mammals.  These  are  capable  of 
maintaining  a  constantly -elevated  temperature,  so  long  as  they  are 
supplied  with  a  proper  amount  of  appropriate  food ;  and  their  power  of 
doing  so  (save  when  the  oxygenation  of  the  '  waste'  of  the  tissues  is  of 
itself  sufficient  to  generate  the  requisite  amount  of  heat)  is  dependent 
upon  the  direct  combination  of  certain  elements  of  the  food  with  the 
oxygen  of  the  air,  by  a  process  analogous  to  combustion  (§  129).  The 
quantity  of  carbonic  acid  that  is  thus  generated,  seems  to  vary  consider- 
ably in  difierent  animals,  and  in  different  states  of  the  same  individual ; 
but  the  principal  source  of  difierence  lies  in  variations  of  external  tem- 
perature ;  for  the  energy  of  the  Respiration  increases  with  its  diminution, 
since  nioi-e  heat  must  then  be  generated ;  and  diminishes  when  an  increase 
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of  external  warmtli  renders  tlie  production  of  heat  within  the  body  less 
necessary  to  sustain  its  temiDeratui-e.  Whenever  the  temperature  of  the 
surrounding  medium  is  below  that  of  the  body,  if  a  sufficient  supply  of 
tood  be  not  fiirnished  and  the  store  of  fat  be  exhausted,  the  animal  dies 
ot  cold  (§11 G). 

280.  To  recapitulate,  then;  the  sources  of  the  production  of  Carbonic 
acid,  and  of  the  demand  for  Oxygen,  in  the  Animal  body,  are  fouifold.— 
1.  The  continual  decay  of  the  tissues,  which  is  common  to  all  livino' 
orgamsed  bocUes;  which  is  retarded  by  cold  and  dryness,  and  accelerated 
by  warmth  and  moisture;  which  takes  place  with  increased  rapidity  at 
the  approach  of  death,  whether  this  affect  the  body  at  large,  or  only  an 
individual  part;  and  which  goes  on  unchecked  when  the  actions  of  nutrition 
have  ceased  altogether.— 2.  The  various  changes  in  composition  that  take 
place  in  the  fluids  and  tissues  in  the  progress  of  their  organic  construction, 
many  of  which  involve  a  liberation  of  carbon  and  a  higher  oxygenation! 
— 3.  The  destnictive  metamorphosis  which  is  the  very  condition  of  the 
activity  of  the  ISTervous  and  Muscular  tissues,  and  which  therefore  bears  a 
direct  relation  to  the  degree  in  which  they  are  exerted. — 4.  The  direct 
conversion  of  the  hydro-carbonaceous  materials  of  the  food  into  carbonic 
acid ;  which  is  peculiar  to  warm-blooded  animals ;  and  which  varies  in 
quantity,  in  accordance  with  the  amount  of  heat  to  be  generated. 

281.  The  process  of  aeration  is  accomplished,  chiefly  if  not  entirely, 
through  the  medium  of  the  fluids  of  the  body;  but  the  nature  of  the 
fluid  which  is  subservient  to  tliis  purpose  varies  greatly  in  different  classes 
of  animals,  as  does  also  the  method  employed.  We  find,  indeed,  in  many 
instances,  that  no  special  instrumentality  is  required ;  the  aeration  of  the 
fluids  being  sufficiently  provided-for,  by  their  exposure  to  the  sui-round- 
ing  medium  thi-ough  the  thin  membrane  which  forms  their  external 
integument,  or  through  its  prolongation  into  their  internal  cavities ;  and 
the  renewal  of  the  stratum  of  that  medium  in  contact  with  their  surface, 
being  accomplished  by  actions  that  are  more  directly  subservient  to  other 
purposes  in  the  economy. — ^When  the  special  organs  appropriated  to  the 
performance  of  this  function  in  the  principal  tribes  of  the  Animal 
kingdom,  are  brought  into  comparison  with  each  other,  they  appea.r  at 
first  sight  so  very  different,  that  a  superficial  observer  would  hardly 
trace  any  relation  between  them  (§§  8,  109).  A  little  reflection,  how- 
ever, will  show,  that  all  their  forms  are  reducible  to  the  simple  element 
of  which  the  respiratory  organs  are  constructed  throughout  the  Vege- 
table kingdom ;  namely,  an  extension  of  the  external  surface,  peculiarly 
adapted,  by  its  permeability  to  gases,  for  the  interchange  of  ingredients 
between  the  circulating  fluid  spread  out  on  one  side  of  it,  and  the 
aerating  medium  which  is  in  contact  Avith  the  other.  Considered,  there- 
fore, under  this  '  instrumental'  character,  there  is  a  complete  '  unity' 
amongst  them  all ;  but  when  considered  with  reference  to  the  general 
plan  of  structure,  we  find  them  to  be  '  homologically'  diverse.  Thus,  the 
extension  may  take  place  from  very  different  parts  of  the  surface,  so 
that  its  connections  with  other  organs  may  be  altogether  dissimilar  in 
the  several  classes  of  Animals.  Again,  it  usually  takes  place  internally 
or  externally,  according  as  the  animal  is  to  be  an  inhabitant  of  the  aii- 
or  of  the  waters.  In  animals  modified  for  atmospheric  respii-ation,  the 
air  enters  the  system  to  meet  the  blood ;  a  peculiar  set  of  movements, 
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more  or  le«s  complicated,  being  appointed  for  its  constant  renewal  by 
sTccess^e  inhalat  on  and  expulsion.  In  those  adapted  to  an  aquatic 
resTdence  a  different  plan  is  usually  followed.  The  small  quantity  of 
S  conSined  in  the  water,  is  all  that  the  respn-atory  system  employs; 
and  iWould  have  been  a  useless  expenditure  of  muscu  ar  exei^ion,  to 
have  provided  means  for  the  constant  inspiration  and  expiration  of 
Sge'^amoimt  of  so  dense  a  fluid.  In  all  the  higher  aquatic  animal^ 
therefore,  the  aerating  surface  is  extended  outwardly  instead  of  being 
ToCed  inwards;  and  the  blood  is  propelled  through  it  so  as  to  come 
Lo  relation  with^the  surrounding  medium,  the  portion  of  wHich  - 
apposition  with  it  is  continually  being  renewed,  either  by  the  natural 
movements  of  the  animal,  or  by  others  more  expressly  contrived  for  the 
purpose  In  the  higher  Eadiata  and  the  lower  Articulata,  however,  we 
meet  with  a  peculiar  apparatus  for  introducing  water  from  without  mto 
the  interior  of  the  body,  and  for  causing  it  to  perform  a  kind  ot  cu'cu- 
lation  through  a  system  of  canals  more  or  less  extensively  distributed ; 
the  apparatus  subservient  to  this  operation  has  been  recently  designated 
the  aquiferous  or  water-vascular  system.— Th^  relation  between  some  ot 
■  the  most  diverse  forms  of  these  organs  will,  perhaps,  be  made  more 
apparent  by  a  simple  diagram.  Let  A  B  represent  the  general  external 
surface  of  the  body;  then  at  a  is  shown  the  character  of  a  simple  out- 
ward extension  of  it,  forming  a  foliaceous  gHl,  such  as  is  seen  m  the 
lower  Crustacea;  and  in  like  manner,  h  may  represent  a  simple  internal 
prolongation  or  reflexion,  such  as  that  which  forms  the  pulmonary  sac  of 
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Diagram  illuatrating  different  forms    Mespiratory  Apparatus  :—a,  simple  leaf-like  gill ;  b,  simple 
respiratory  sac ;  c,  divided  gUl ;  (i,  divided  sao ;  e,  ptdmonary  branohia  of  Spider. 

the  air-breathing  Gasteropods.  A  higher  form  of  the  branchial  apparatus 
is  shown  at  c,  the  respiratory  surface  being  extended  by  the  subdivision 
of  the  gill  into  minute  folds  or  filaments,  as  we  see  in  Fishes;  and  a  more 
elevated  form  of  the  pulmonary  apparatus  is  seen  at  d,  the  membranous 
surface  being  extended  by  subdivision  of  the  internal  cavity,  as  we  find 
to  be  the  case  especially  in  Birds  and  Mammals.  Lastly,  at  e  is  shown  a 
plan  of  one  of  the  '  pulmonary  branchite'  of  the  Arachnida,  which  forms 
a  kind  of  transition  between  the  two  sets  of  organs ;  the  extent  of  sur- 
face being  given  by  gill-like  plications  of  the  membrane  lining  the  inte- 
rior of  a  pulmonic  cavity. — -Putting  aside  such  modifications,  however,  as 
are  destined  to  suit  the  particular  conditions  under  which  the  function 
is  to  be  performed,  and  looking  simply  at  the  essential  characters  of 
the  Respiratory  organs,  we  shall  observe,  on  tracing  them  upwards 
through  the  principal  classes  of  animals,  the  same  gradual  specialisa- 
tion which  has  been  noticed  in  the  other  systems ;  for,  beginning  with 
the  lowest,  it  will  be  seen  that  the  general  slirface  is  the  organ  of 
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respiration  as  well  as  of  other  functions;  whilst,  in  the  highest,  the 
aeration  of  the  blood  is  almost  entirely  effected  in  one  central  apparatus 
adapted  to  it  alone,  although  the  general  surface  is  not  altogether 
destitute  of  participation  in  it. 

282.  In  the  simpler  Protozoa,  there  is  no  other  fluid  to  be  aerated  than 
that  which  is  contained  in  each  independent  cell ;  and  this  stands  in  the 
same  direct  relation  to  the  water-atmosphere  which  bathes  its  exterior,  as  is 
borne  by  the  fluid-contents  of  the  component  cells  of  the  highest  organism, 
to  the  blood-ciirrent  which  brings  to  them  the  oxygen  they  requii-e  and 
carries-ofi"  their  excrementitious  carbonic  acid.  It  may  be  presumed,  on 
the  general  principles  already  stated,  that  the  active /?i/morm  will  require 
a  greater  amount  of  respiratory  change  than  the  sluggish  RJwzopoda; 
and  this  is  provided  for  them  by  the  very  instrumentality  which  confers 
upon  them  their  peculiar  activity,  namely,  the  cilicvry  action,  which  either 
propels  them  through  the  water  they  inhabit,  or  produces  currents  in  the 
fluid  in  immediate  contact  with  their  bodies.  This  same  instrumentality,* 
in  the  composite  Sponges,  maintains  a  current  in  the  system  of  ramifying 
canals  that  extends  through  their  interior ;  a  system  in  which  we  may  be 
said  to  have  the  fij-st  indication  of  a  gastro-vascular  cavity,  a  '  water- 
vascular'  or  '  aquiferous'  system,  and  a  circulating  apparatus,  not  yet 
differentiated  from  each  other.  The  fluid  which  circulates  in  the  Sponge 
is  obviously  sea- water,  holding  in  suspension  or  in  solution  those  minute 
particles,  at  whose  expense  the  growth  of  the  component  cells  of  the 
organism  takes  place ;  but  it  evidently  serves  also  for  the  aeration  of 
their  contents,  and  also  conveys  away  their  excrementitious  products. 

283.  The  provision  made  in  Zoophytes  and  Acalephce  for  the  perfor- 
mance of  the  respiratory  function,  is  not  essentially  elevated  above  that 
which  sufiices  in  Sponges.  We  have  seen  .that  these  animals  possess  no 
other  circulating  fluid  than  the  chymous  product  of  digestion,  which, 
mingled  with  sea-water,  is  transmitted  into  the  prolongations  of  the 
j)olype-stomachs  through  the  absorbent  stem  and  branches  of  the  Hydra- 
form  Zoophytes,  into  the  perigastric  spaces  of  the  Actiniform  and  Alcy- 
onian  polypes  (and  their  extensions  through  the  composite  fabrics  of  which 
they  form  part),  and  into  the  gastro-vascular  canals  of  the  Acalephte. 
This  '  chymaqueous  fluid,'  as  it  may  be  termed,  will  serve  to  aerate  the 
fluids  contained  in  the  tissues  of  the  interior  of  the  body,  when  it  is 
freshly  introduced  from  without ;  but  if  it  be  long  retained  within  these 
cavities,  it  will  itself  require  fresh  aeration.  It  is  kept  in  continual 
movement  within  them,  by  the  action  of  the  cilia  which  usually  clothe 
their  surfaces ;  and  it  is  not  improbable  that  the  flux  and  reflux  of  this 
fluid  which  has  been  observed  within  the  tentacula  of  Actini8e,t  like  the 
movement  which  may  be  perceived  in  the  contents  of  the  gastro-vascular 
canals  that  are  distributed  near  the  margin  of  the  disk  of  Medusse,  is 
especially  destined  for  its  aeration,  by  exposing  it  to  the  cii'cumambient 
water  through  a  thin  intervening  septum.  It  seems  not  improbable,  more- 
over, that  the  orifices  which  certainly  exist  at  the  points  of  the  tentacles 

*  Seette  observations  of  Mr.  Bowerbank  on  the  Ciliary  movement  in  Grantia  compressa, 
in  "Transact,  of  Microsc.  Soc,"  Vol.  III.,  p.  137;  and  those  of  Dr.  Dobie,  in  "Goodsir's 
Annals  of  Physiology, "  No.  II.  ,  .  j 

t  See  Dr.  Sharpey's  account  of  this  movement,  in  Art.  '  Cilia,'  "Cyclop,  of  Anat.  and 
Physiol.,"  Vol.  I.,  p.  614, 
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.  A      Ar.+^TnTnrni  Dolvpes*  and  the  (so-called)  anal 

of  many  species  (at  least)  ^^^^^^J^P^^  '  ^erve  to  introduce  fresh 
pores  at  the  margin  of  the  disk  ^f^'  that  wliich  has  already 

Applies  of  water  from  wi  hout,  and     give        tatei  vascular  system  of 


''is4  Vhe  new  relations  which  the  digestive  apparatus  acquires  in 

seen,  a  ^^^P/f  f      ,  A^^i^'  of  the  perigastric  cavity,  which  here 

former  and  the   ^hylaqueous  mua  oi  f  answered 

innears  to  serve,  in  great  part  at  least,  tlie  puiposes  wmou  a 
appeal b  tu  a^^yo,      ^       ii^^j  /s  91  p;\     Aocordiac^lv  we  find  that  it  is 

ments  are  made,  which  we  meet-with  under  ™  /X^odSms  live 
It  wa«  foi-merly  believed  that  the  water  m  which  the  Echmo  W^^  live 
has  free  access  to  the  general  cavity  of  their  bodies^  but  this  is  cer 
taTnly  not  the  case  in  regard  to  some  of  them,  and  it  is  .-J  ^oub^ 
whether  it  occurs  in  any.-The  simplest  provision  for  respiration  in  tins 
dass  is  presented  by  the  SipuncuUda,  which  ^^^^^  ^'^^'^^^l^^^^llt', 
the  Articulated  series.     The  viscera  occupy  but  a  small  P^^* 
general  cavity  of  the  body,  and  this  is  filled  with  a  coi^usculated  fluid 
Ihich  may  be  seen  (in  some  of  the  smaller  semi-transparent  species)  to 
perform  a  continual '  cyclosis,'  passing  along  the  parietes  of  the  body  fiom 
before  backwards  as  far  as  the  proboscis,  and  then  returning  to  the  pos- 
terior extremity  along  the  parietes  of  the  intestine.    It  is  probable  that 
this  movement  is  sustained  by  ciliary  action;  and  while  it  doubtless 
sei-ves  to  convey  nutriment  to  the  tissues  which  the  fluid  is  thus  made  to 
bathe,  its  chief  pui^ose  seems  likely  to  be  the  aeration  of  the.chylaqueous 
fluid  by  bringing  it  as  near  as  possible  to  the  circumambient  water,  the 
skin 'being  so  fenestrated  at  intervals,  by  the  deficiency  of  the  muscular 
parietes,  that  only  a  thin  membranous  layer  separates  the  two  fluids  at 
these  points.    The  chylaqueous  fluid  is  also  transmitted  into  the  cephalic 
tentacula  of  these  animals,  which,  although  essentially  prehensile  in  their 
character,  may  also  contribute  to  its  aeration,  being  ciliated  both  within 
and  without. — In  the  Asteriada  we  observe  an  immense  number  of  short, 

*  The  Author  cannot  but  feel  much  surprise  that  so  many  Anatomists  of  high  eminence 
should  still  doubt  or  even  deny  the  existence  of  apertures  at  the  extremities  of  the_  ten- 
tacula of  Actinise.  Nothing  is  more  common  than  to  see  these  animals  ejecting  minute 
streams  of  water  from  their  tentacula,  when  their  bodies  are  compressed  in  the  attempt  to 
detach  them  from  their  base  ;  and  it  is  generally  not  at  all  difficult  to  recognise  the 
apertures,  and  the  sphincter  that  sun-ounds  them,  with  the  assistance  of  the  microscope. 
It  is  possible  that  such  openings  may  be  wanting  in  some  species.  (See  HoUard  in 
"Ann.  des  Sci.  Nat.,"  3"  Ser.,  Tom.  XV.,  p.  269.) 

+  The  existence  of  these  apertures  has  been  denied,  like  that  of  the  tentacular  pores, 
because  they  were  not  apparent  in  the  particular  species  examined.  They  are  probably 
more  frequently  deficient  than  the  tentacular  pores ;  but  the  following  testimony  seems  most 
explicit  as  to  their  existence  in  some  species  at  least ; — "  The  water  in  Actinia  crassi- 
cornis  and  its  allies  is  often  ejected  in  a  small  stream  from  the  perforated  tubercles  of 
their  skin,  and  with  such  a  degree  of  force  that  the  jet  will  rise  to  a  height  of  not  less 
than  four  inches."    (Dr.  Johnston's  "British  Zoophytes,"  Vol.  I.,  p.  187.) 
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conical,  membranous  tubes,  passing  between  the  pieces  of  the  sliellv 
tramework,  and  projecting  externally  in  Uttle  tufts;  these  (which  were 
lormer  y,  but  eironeously  supposed  to  be  perforated  at  their  extremities) 
^•e  really  branchite  for  the  aeration  of  the  chylaqueous  fluid  which  passes 
treely  into  them,  and  is  moved  to  and  fro  by  the  action  of  cilia  lining 
their  mtenor,  as  m  the  tentacula  of  Actiniae  *  Besides  this,  we  find  a 
system  of  vessels,  which,  thougli  adapted  to  a  special  purpose  in  the 
economy  of  the  animal,  namely,  the  protrusion  of  the  cii-rhi,  is  probably 
subservient  to  respiration  also.  This  consists  of  a  central  ring  around 
the  mouth,  which  is  furnished  with  numerous  pedunculated  vesicles 
apparently  contractile;  from  this  ring  proceed  five  principal  tinmks  along 
the  five  ambulacra;  and  these  trunks  seem  to  communicate  with  the 
double  rows  of  vesicles  (Fig.  37,  e)  from  which  the  tubular  cirrH  are  sent 
forth,  that  serve  as  organs  of  prehension  to  these  animals.  The  fluid 
contained  in  these  tubes  and  vessels  appears,  from  the  observations  of 
M.  de  Quatrefages  and  Dr.  T.  WUliams,  to  be  of  the  same  nature  with  the 
fluid  of  the  general  cavity;  and  it  cannot  be  questioned  that,  when  pro- 
jected into  the  cirrhi,  it  must  undergo  an  aerating  change  from  its  rela- 
tion to  the  surrounding  medium.  There  would  seem  to  be  no  special 
provision  for  the  aeration  of  the  (supposed)  blood  of  these  animals,  which, 
not  being  distributed  to  the  external  surface  of  the  body,  can  only  obtain 
oxygen  either  from  the  fluid  introduced  into  the  digestive  cavity,  or  from 

the  chylaqueous  fluid  that  bathes  the  trunks  in  which  it  circulates.  

The  respiration  of  the  Echinida  seems  to  be  carried-on  upon  a  plan 
essentially  the  same;  except  that  the  branchial  c£eca,  instead  of  being 
dispersed  over  the  general  sui-face  of  the  body,  are  collected  into  ten 
bundles,  which  pass  through  the  flexible  membrane  surrounding  the 
mouth.  The  apparatus  for  projecting  the  cirrhi  is  here  very  highly 
developed ;  these  appendages,  when  fully  extended,  being  often  several 
inches  in  length,  so  that  the  vesicles  at  their  bases  (Fig.  95,  h)  are  requii-ed 
to  be  of  considerable  size. — In  the  Eolothwrida,  however,  a  far  more  com- 
plicated set  of  provisions  for  respiration  is  found.  In  the  first  place,  the 
muscular  walls  of  the  general  cavity  of  the  body  are  fenestrated,  like 
those  of  the  Sipunculida,  so  that  the  chylaqueous  fluid  can  be  exposed  to 
the  aerating  influence  of  the  surrounding  water  through  the  skin  alone. 
Like  the  shell  of  the  Echinida,  again,  they  are  perforated  with  ciiThi,  in 
connection  with  which  the  usual  vascular  apparatus  is  developed.  Round 
the  mouth  is  found  a  beautiful  circle  of  tentacula  (Fig.  40,  o),  which  are 
probably  at  once  prehensile  and  branchial;  the  parietes  of  these  are  fiu- 
nished  with  true  blood-vessels  from  the  oral  ring  with  wliich  the  large  con- 
tractile vesicle  (Fig.  40,  is  connected,  whilst  their  hollow  axes  are  filled 
with  chylaqueous  fluid  from  the  general  cavity  of  the  body.  But  we  find 
in  this  group  a  true  aquiferous  or  water-vascula/)-  system,  which,  though 
long  considered  anomalous,  is  now  found  to  have  its  homologues  in  an 
extensive  group  of  the  lower  Articulata.  This  is  the  '  respiratory  tree,' 
which,  in  its  higher  grades  of  development  extends  from  the  cloaca  into 
the  visceral  cavity  in  a  beautiful  arborescent  form  on  each  side  of  the 
body  (Fig.  40,  r,  r),  though  in  the  lower  it  is  a  simple  undivided  sac. 
Both  the  stem  and  branches  of  this  organ  contain  distinct  circular  and 


*  Sharpey,  Op,  cit.,  p,  616, 
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loB-itudinal  muscular  fibres,  winch  contract  on  being  irritated  and  wHch 
eS  the  water  it  contains,  through  its  cloacal  orifice,  at  tolerably  regular 
ii'fetals  (such  as  once,  twice,  or  three  times  m  a  minute),  its  re-mtro- 
luct^n  being  apparently  accomplished  by  ciliary  action.  The  contraction 
o>  he  muLilar  fibres  of  the  external  integument  may  probably  assist  m 
Jhe  exSory  action;  but  it  is  not  required,  since  the  respiratory  move- 
ment continues  even  after  the  sac  has  been  laid  open.  One  of  the 
Wches  of  the  ^  respiratoiy  tree'  Hes  in  close  —^^^^^^^^ 
taiT  canal,  so  that  the  blood  in  the  respiratory  plexus  (Fig.  40^  r)  of  the 
m  lenteri  system  of  vessels,  will  be  brought  into  immed3.te_  rto 
^th  the  aerating  fluid  introduced  by  it;  the  other  branch  lies  in  nearer 
proximity  to  the  parietes  of  the  body,  and  its  respiratory  action  is  pro^ 
bably  exercised  rather  upon  the  '  fluid  of  the  general  cavity.'  _ 

285   It  is  among  the  Yermiform  members  of  the  Articulated  series, 
that  we  find  the  '  water-vascular'  system  acquiring  its  highest  develop- 
ment    But  it  will  be  desirable  first  to  study  it  under  the  simpler  form 
it  presents  in  the  Rotiferco,  which  have  no  rudiment  of  a  sanguiferous 
system,  the  chylaqueous  fluid  of  the  general  cavity  of  the  body  bemg  the 
medium  alike  for  conveyrag  nutriment  to  the  solid  tissues,  and  for  efiect- 
ino-  respiratoiy  changes  ia  them.    On  either  side  of  the  body  of  these 
animals,  there  is  usually  found  a  long  flexuous  tube  (Fig.  96,  i,  i),  which 
extends  from  a  contractile  vesicle  (common  to  both)  that  opens  mto  the 
cloaca,  towards  the  anterior  region  of  the  body,  where  it  frequently  sub- 
divides into  branches,  one  of  which  may  arch  over  towards  the  opposite 
side,  and  inosculate  with  a  corresponding  branch  from  its  tube.  Attached 
to  each  of  these  tubes  are  a  number  of  peculiar  organs  (usually  from  two 
to  eight  on  each  side)  in  which  a  trembling  movement  is  seen,  very  like 
that  of  a  flickering  flame ;  these  appear  to  be  pear-shaped  sacs,  attached 
by  hollow  stalks  to  the  main  tube,  having  a  long  cilium  in  the  interior  of 
each,  attached  by  one  extremity  to  the  interior  of  the  sac,  and  vibrating 
with  a  quick  undulatory  motion  in  its  cavity ;  and  there  can  be  no  doubt 
that  their  purpose  is  to  keep-up  a  contraual  movement  in  the  contents  of 
the  aquiferous  tubes,  t — Similar  lateral  vessels,  furnished  internally  with 

*  On  the  respiration  of  the  Echinodermata,  see  especially  the  Memoir  of  M.  de  Quatre- 
fages  '  Sur  la  Cavite  generale  du  Coi-ps  des  Invertebres,'  in  "Ann.  des  Sci.  Nat.,"  3'=  Ser., 
Zool.,  Tom.  XIV.;  and  the  less  sound  but  more  detailed  Memoirs  of  Dr.  T.  Williams, 
'  On  the  Blood-proper  and  the  Chylaqueous  Fluid  of  Invertebrated  Animals, '  in  "  Philos. 
Transact.,"  1852;  and  '  On  the  Mechanism  of  Aquatic  Kespiration,'  &c.,  in  "Ann.  of  Nat. 
Hist.,"  2nd  Ser.,  Vols.  12, 13. — The  whole  of  the  vascular  system  connected  with  the  cirrhi 
is  regarded  by  Von  Siebold  and  others  as  belonging  to  his  'Water-vascular'  or  '  aquiferous' 
system ;  but  the  Author  does  not  see  adequate  reason  for  so  considering  it,  and  thinks  that 
it  much  more  fairly  ranks  as  a  special  apparatus  exclusively  belonging  to  this  class.  That  it  is 
at  first  developed,  as  the  observations  of  Prof.  Miiller  have  shown,  by  an  inversion  of  the  ex- 
ternal integument,  and  is  for  some  time  in  free  connection  with  the  exterior,  being  only  shut- 
off  when  its  internal  ramifications  have  been  extensively  developed,  is  no  argument  against 
the  latter  view;  whilst  it  is  much  in  favour  of  it,  and  against  the  determination  of  Von 
yiebold,  that  a  tnie  water-vascular  system  exists,  concurrently  with  the  system  of  the 
cirrhi,  in  the  Holothurida, — the  group  that  presents  the  nearest  approach  to  the  Vermi- 
form tribes,  in  which  this  system  is  most  characteristically  displayed. 

t  See  Huxley  '  On Lacinunaria  Socialis,'  in  "Transact,  of  Microsc.  Soc,"  New  Series, 
Vol.  I.  Mr.  Huxley's  description  of  these  organs  differs  from  that  previously  given  by  other 
observers,  who  have  supposed  that  these  pyriform  sacs  had  apertures  of  communication 
with  the  general  cavity  of  the  body;  but  the  Author  has  much  confidence  that  Mr.Huxley'a 
account  is  the  correct  one. 
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Fig.  136. 


vibratile  cilia,  aud  often  ramifying  more  minutely  (especially  in  tlie  head 
and  anterior  pai-t  of  the  body)  are  found  in  many  of  that  group  of  Vermi- 
torm  animals,  clothed  over  the  whole  surface  of  their  bodies  with  cUia, 
to  winch  the  designation  Turhellaria  has  of  late  been  given.  These 
vessels  have  been  commonly  regarded  as  somguifercm^s ;  and  it  is  certam 
11      ^/^"^  ^^liey  contain  is  sometimes  coloured,  like  the  (so- 

called)  blood  of  AnneHda;*  but  it  is  certain,  also,  that  they  have  usually 
probably  always,  external  orifices,  these  being  sometimes  numerous, 
in  Na%s,  instead  of  actually  opening  into  the  cloaca,  one  set  of  them 
comes  into  close  relation  to  the  rectum,  the  interior  of  which  is 
richly  cHiated;  thus  reminding  us  of  the  parallel  distribution  of  the 
tracheal  system  in  the  larvEe  of  Libellulidce  (§  305).  In  fact,  it  seems 
not  improbable  that  the  '  water- vascular'  system  of  the  lower  Aridculata 
(which  are  all  aquatic)  is  the  homologue  of  the  tracheal  system  of  the  air- 
breathing  Myriapods  and  Insects ;  and  that,  where  it  does  not  convey 
water  dii-ectly  introduced  from  without,  the  fluid  wHch  it  contains 
is  specially  subservient  to  respiration,  establishing  a  communication 
between  the  aerating  surface  and  the  tissues  of  the  body  generally. 
There  is  an  almost  complete  absence  among  the  Turbellarice,  of  any  more 
special  respiratory  organs.  The  whole  tegument  of  the  body,  being  soft 
and  clothed  with  cilia,  is  probably  subservient  to  this  function ;  but  there 

are  occasionally  to  be  observed  about  the  head  (as 
in  Nemertes)  particular  groups  of  cilia  longer  and 
more  closely  set  than  the  rest,  reminding  us  of  the 
'  wheels'  of  the  Rotifera. 

286.  This  '  aquiferous'  system  of  vessels  pre- 
sents its  greatest  complexity  and  most  elevated 
character  in  the  group  of  Entozoa ;  whilst  at  the 
same  time,  there  are  certain  types  even  of  that 
class,  in  which  it  exists  under  its  most  simple 
and  least  doubtful  aspect.     It  is  only,  in  fact,  by 
tracing  it  through  its  principal  forms  and  grada- 
tions, that  the  real  import  of  some  parts  of  this 
system  can  be  ascertained.    In  the  Cestoid  worms, 
we  find  four  principal  canals,  two  on  each  side 
(Fig.  136,  a,  b),  running  along  the  body  at  or 
near  the  margins  of  the  segments,  and  connected 
together  by  transverse  branches;  these  anasto- 
mose with  one  another  freely  in  the  head,  those 
of  the  opposite  sides  being  generally  connected 
by  an  arched  canal;  whilst  at  the  opposite  ex- 
tremity they  all  terminate  in  a  single  contractile 
Segmentoi Ttsniasolium;  sac  Opening  externally.    Besides  these  trunks  (of 
M(F'''Ser'  'lon^tuE  ^li-ich  the  two  larger,  a,  have  been  considered  as 
trunks  which  pass  along  a  doublc  alimentary  canal),  there  is  a  supei-ficial 
tai'oSflce'."'"™"'^"^'^'"^'  system  of  vessels  more  minutely  cUstributed,  which 
has  been  regarded  as  sanguiferous ;  but  these  may  be 
traced  into  connection  with  the  preceding,  and  their  parietes  are  fiu'nished 

*  See  the  Memoir  of  M.  de  Quatrefages,  'Sur  les  Ndmertiens,'  in  "Ann.  des  Sci. 
JTat.,"  30  S6r.  Zool.,  Tom.  VI. 
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Fig.  137. 


^hrntile  cilia  wliich  keep-up  a  movement  of  their  contents.  There  is, 
tiZ  nJ^l^^i^Lus  system  in  the  Cestoid  Worms  any  more  ti.an 
to  is  an  alimentary  canal -both  being  replaced  by  the  direct  absorption 

f  ,?ntStious  iuices  from  without,  in  a  state  ready  for  assimila- 
ttn  V'^t^  I^^^^^^^^  as  in  the  cases  last  cited,  the  'water-vascular' 
system  coitains  some  other  fluid  than  ptire  water;  and  it  may  even 
sSve  as  Prof.  Van  Beneden  has  suggested,  for  a  vmnary  apparatus^  The 
fliSl  contents  of  these  vessels,  whatever  their  nature  may  be,  are  kept  m 
mot  on  pai-tly  by  ciliaiy  action  in  their  interior,  and  partly  by  the  con- 
Sactmtv  of  their  walls;  the  former  method  seems  to  prevail  m  the 
JmSler  Unks,  the  latte^  in  the  large.-In  the  Tr.natode  Worms,  we 
find  a  regular  gi-adation  from  what  is  unquestionably  a  'water-vas- 
cular' system  homologous  with  that  of  the  Cestoidea,  to  an  apparatus 
which  nearly  approaches  the  reputed  sanguiferous  system  of  the 
Annelida.  One  of  its  most  interesting  forms  is  that  presented  by  the 
Distoma  tereticoUe;  in  which  we  find 
an  elongated  contractile  canal,  termi- 
nating posteriorly  in  an  external  orifice, 

giviag  ofi"  two  contractile  tnmks,  which 
pass  along  the  two  sides  of  the  body  with- 
out any  change  of  dimension,  and  unite 

in  an  arch  above  the  mouth.    The  fluid  of 

these  vessels  is  colourless,  and  contains 

some  miaute  coi-puscles.  But  besides  these, 

there  are  a  considerable  number  of  smaller 

trunks,  giving-ofi"  branches  that  form  a  net- 
work resembling  that  shown  in  Fig.  137  ; 

these  trunks,  however,  have  been  distinctly 

foimd  by  M.  Yan  Beneden  to  discharge 

themselves  into  the  two  priucipal  lateral 

canals,  so  that  they  must  be  considered  as 

forming  one  system  with  them,  although 

the  fluid  which  they  contain  is  coloured. 

This  system  of  vessels,  therefore,  although 

usually  described  as  sanguiferous,  cannot 

be  properly  regarded  in  that  light;  and 

it  is  obvious,  that  even  when  (as  happens 

in  the  Echinorhynci,  which  are  closely 

allied  to  the  Trematoda)  there  are  no 

pale,  ciliated,  non-contractile  aquiferous 

vessels,  terminating  in  an  external  orifice, 

but    only   red,   non-ciliated,  contractile 

vessels,  which  cannot  be  traced  into  con- 
nection with  the  exterior,  we  must  ab- 
stain from  regarding  the  latter  as  a  true      Anatomy  of -Pascio?aAcjpa<£c(i(Distoma 

'sanguiferous'  system,  since  they  are  obvi-  S^Tt&'ttela^^^^^^^^^^ 

OUsly  but  an  offset  (so  to  speak)  from  the  whole  body  of  the  ammal,  and  the  vascu- 
i  „  „  ;  ,  „  •  n     1      1        1  •     .  1  •  lar  network  connected  with  a  median 

'aquiferous,  specially  developed  in  this  par-  trtuUc;  a,themouth. 
ticular  group  of  animals. — The  nature  of 

the  vascular  system  in  the  Nematoid  worms  (Fig.  52)  has  not  yet  been 
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made  out;  but  there  appears  strong  ground  for  the  belief  that  in  this 
order  also,  what  has  been  iisually  regarded  as  a  sanguiferoua  system  really 
belongs  to  the  '  aquifei-ous'  ty^ae.* 

_  287.  An  arrangement  of  a  different  kind,  but  one  that  seems  refer- 
rible  to  the  'water-vascular'  system  of  inferior  Articulata,  is  found  in  the 
Leech  and  Earthworm,  which,  with  their  allies,  constitute  the  Moncecious 
group  of  Annelids.  In  tlie  medicinal  Leech,  there  is  found  on  either  side 
of  the  posterior  part  of  the  body  a  series  of  seventeen  pairs  of  sacculi, 
lying  between  the  digestive  cseca,  and  opening  by  narrow  external 
orifices ;  although  these  were  long  ago  considered  as  respii-atory  organs, 
yet  they  have  been  of  late  more  generally  regarded  as  organs  of  secretion;t 
their  homological  character,  however,  as  a '  water-vascular'  system,  appears 
to  be  demonstrated  by  the  existence  of  intermediate  foiTQS,  which  connect 
it  with  the  aquiferous  system  of  Entozoa.  Thus  in  Branchiohdella  there 
are  but  two  pairs  of  external  orifices,  one  at  the  anterior  and  the  other  at 
the  posterior  extremity  of  the  middle  thii'd  of  the  body;  each  of  these 
leads  to  a  trunk,  which,  after  dilating  into  an  ampulla,  gives  off  several 
tortuous  canals,  the  lining  of  which  is  ciliated.  In  the  Uarthworm, 
again,  there  is  found  in  each  segment,  and  on  either  side  of  the  digestive 
tube,  an  enteroid  vessel  which  returns  upon  itself,  and  which  is  lined 
with  cilia;  and  in  other  Lumbricidse,  these  vessels  have  csecal  termi- 
nations in  the  general  cavity  of  the  body,  furnished  like  the  water- 
vessels  of  Rotifera  (§  285),  with  long  cilia.  J — ISTothing  similar  to  this  has 
been  found  among  the  branchiferous  Annelida;  and  it  would  seem  as  if  the 
water-vascular  system  were  superseded  in  them  by  the  apparatus  provided 
for  aquatic  respiration,  which  will  be  hereafter  described  (§  292). — 
The  close  resemblance  which  seems  to  exist  between  the  multiple  sacculi 
of  the  Leech,  and  the  air-sacs  of  the  lower  Myriapoda  (§  301),  strengthens 
the  reasons  already  advanced  (§  285),  for  regarding  the  '  water-vascular' 
system  as  the  real  homologue  of  the  tracheal  system  of  Myriapods  and 
Insects.  And  if  the  suggestion  already  thrown  out  (§  219),  resjDect- 
ing  the  real  nature  of  the  supposed  sanguiferous  system  of  Annelida, 
should  prove  well-founded,  this  also  would  find  its  parallel  in  the  closed 
tracheal  apparatus  of  certain  Insect-larvse  (§  305),  which  is  connected, 
like  it,  with  a  branchial  apparatus ;  the  difference  between  the  two  being 
that  the  latter  contains  and  distributes  air,  wliilst  the  former  is  fiUed 
with  an  aeriferous  fluid,  which  can  scarcely  be  called  blood,  the  distri- 
bution of  nutritive  materials  being  accomplished  in  both  cases  by  the 
fluid  of  the  '  general  cavity  of  the  body.' 

288.  Branchial  Eespiration.  —  In  by  far  the  larger  proportion  of 

*  See  on  this  most  important  subject,  the  treatise  on  "Les  Vers  Cestoides,"  by  Prof. 
Van  Beneden  (Bnixelles,  1850) ;  and  his  Note  '  Sur  I'appareil  circulatoire  des  Trema- 
todes,'  in  "Ann.  des  Sci.  Nat.,"  3°  Ser.,  Zool.,  Tom.  XVII.  Also  Siebold,  'Ueber  den 
Generation's  wechsel  der  Cestoden,'  in  "Siebold  and  Kolliker's  Zeitschrift,"  1850; 
Wagener,  in  "  Miiller's  Archiv.,"  1851 ;  and  "Brit,  and  For.  Med.  Chir.  Eev.,"  Vol.  X., 
pp.  324 — 6. — The  Author  is  iaformed  by  his  friend  Mr.  Huxley,  that  he  has  recently 
detected  in  the  Ascaris  (a  Nematoid  Entozoon)  of  the  Plaice,  two  non-ciliated  lateral  con- 
tractile vessels,  extending  the  whole  length  of  the  body,  and  united  over  the  oesophagus  by 
a  transverse  branch  which  appeared  to  open  externally. 

+  See  Quatrefages,  in  "Ann.  des  Sci.  Nat.,"  3"  Ser.,  Zool.,  Tom.  XIV.,  p.  297. 

t  These  terminations  have  been  affirmed  by  good  observers  to  be  sometimes  open.  See 
Leydig  on  Branchiobdella,  "Zeitschrift  fiir  Wissen.  Zool.,"  Band  III.,  and  Gegenbaiir  on 
the  EaHhworm,  Ibid.,  Band  IV.    Mr.  Huxley  has  also  seen  them  in  Naia. 
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•  ;,.f.lnr1in<r  nearlv  the  whole  of  the  Molluscous  sub-king- 
tL'Xt'  TlnZ^^i^^^l  Crustacea  among  the  Articulated,  with 
td  SrcHa  (at  least  in  their  early  or  larval  conchtxon)  among 
fhfvertebrated,  we  find  the  circulating  fluid  transmitted  for  aeration 
o  external  appendages,  which  are  disposed  in  the  various  forms  of  leaflets, 
L?rtufts,^L.,  and  the  water  in  contact  with  which  is  continually  re- 
Lwfd  sometimes  by  the  action  of  the  cilia  that  clothe  their  surfaces,  some- 
Ses  by  a  miisci/ar  appai-atus  specially  adapted  for  the  purpose.  These 
bZ^cMIe  however,  are  not  always  apparent  externally;  being  frequently 
eXer'inTonle  ^tension  of  the  integument,  which  either  simp  y  covers 
them  or  which  forms  a  special  chamber  for  their  reception  with  orifices 
of  entrance  and  of  exit  for  the  water  that  is  conveyed  over  the  respiratory 
surface— As  it  is  in  the  Molluscous  sub-kingdom  that  this  plan  ol  res- 
piration is  most  characteristically  developed,  we  shall  first  examine  the 
principal  forms  of  the  branchial  apparatus  which  it  presents;  and  shaU 
then  proceed  to  notice  its  chief  peculiarities  in  Articulated  and  m  Yer- 

tebrated  animals.  » 

289  The  lowest  division  of  this  series,  however,— namely,  the  group  ot 
Bryozoa—c&n  scarcely  be  said  to  possess  any  special  respiratory  apparatus, 
the  degradation  of  their  cii-culating  system  extending  itself  also  to  this; 
stm  the  aeration  of  the  nutritious  fluid  that  occupies  their  visceral  cavity 
seems  to  be  provided-for,  by  its  transmission  along  channels  in  the  interior 
of  their  ciliated  tentacula  (Fig.  49,  D,  b,  h) ;  and  it  has  also  been  observed 
that  the  wide  pharynx  is  sometimes  dilated  with  water,  which  is  expelled 
ao-ain  without  passing  into  the  stomach,  as  if  it  had  been  taken-in  for  the 
aeration  of  the  fluids  of  the  body.*— In  the  class  of  Tunicata,  of  which 
the  Bryozoa  may  be  regarded  as  a  degraded  form,  we  find  (save  m  a  few 
aberrant  genera)  a  highly-specialized  apparatus  for  the  performance  of  the 
respiratory  function.   This  apparatus  is  always  connected  with  the  entrance 
to  the  alimentary  canal ;  and  the  currents  of  water  set  in  motion  by  the 
cilia  that  cover  it,  serve  (like  those  impelled  by  the  ciliated  crown  of  the 
Bryozoa)  the  double  purpose  of  bringing  fresh  supplies  of  food  to  the 
digestive  cavity,  and  of  water  to  the  aerating  surface.    Two  types  of 
conformation,  that  are  at  first  sight  very  different,  present  themselves  in 
the  respiratory  appai-atus  of  this  class ;  the  most  simple  being  that  of  the 
Salpidce,  the  most  elaborate  that  of  the  ordinary  Ascidians.    In  the  Sal- 
pidte  we  find  the  large  cavity  that  occupies  the  greater  part  of  the  interior 
of  the  body,  to  be  traversed  by  a  riband-like  fold  of  its  lining  membrane 
(Fig.  122,  A,  d),  which  stretches  obliquely  from  its  anterior  attachment 
a  little  behind  the  oral  orifice  (a),  to  its  posterior  attachment  to  the  visceral 
nucleus,  between  the  oesophageal  orifice  and  the  rectum ;  thus  partially 
dividing  the  cavity  into  two  parts,  an  anterior  or  pharyngeal,  and  a  pos- 
terior or  cloacal.    The  anterior  is  really  the  dilated  pharynx,  which,  in 
an  early  stage  of  the  development  of  these  animals,  extends  directly  (as  in 
Bryozoa)  from  the  oral  orifice  to  the  entrance  of  the  oesophagus  ;  a  con- 
dition which  is  permanently  retained  in  the  curious  A2)pendicularia.  The 
posterior  portion,  on  the  other  hand,  is  really  a  distended  cloaca,  formed 
by  an  inflection  of  the  second  tunic  round  the  anal  orifice  ;  this  inflection 
commences  in  the  embryo  as  a  simple  depression  of  the  surface,  and  then 


*  See  Dr.  A.  Farre  '  On  the  Cilobracliiate  Polypi,'  in  "  Pliilos.  Transact.,"  1837,  p.  407. 
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extends  inwards  so  as  to  meet  the  phaiyngeal  sac,  witli  which  it  comes  to 
communicate  by  a  large  apertm-e  on  each  side;  and  this  gradually  widens 
until  the  whole  forms  one  respii-atory  sac,  of  which  the  aUmentaiy  canal 
(both  ot  whose  orifices  are  received  into  it)  seems  but  a  diverticuliun 
The  branchial  lamella,  formed  by  the  united  lining  membranes  of  the 
phaiyngeal  and  cloacal  cavities,  is  traversed  by  an  extension  of  the  gi-eat 
'sinus-system,'  which  passes-in  between  its  two  layers;  in  some  species 
only  a  single  grand  sinus  runs  thi-ough  it;  but  in  others  there  is  a  com- 
plex system  of  vascular  ramifications,  extending  from  this  sinus  over  its 
surface,  as  shown  in  Fig.  122.  It  is  beset  with  cilia  on  either  side  of 
its  free  edge;  and  by  the  action  of  these  a  current  of  water  is  continually 
di-a\vn-in  thi'ough  the  oral  orifice,  and  propelled  backwards,  part 
of  it  entering  the  oesophagus,  but  another  part  at  once  passing  into 
the  cloacal  portion  of  the  cavity,  to  be  expelled  through  the  anal  orifice 
or  vent  (6).  Although  this  organ  is  undoubtedly  the  special  instru- 
ment of  respiration,  yet  it  can  scarcely  be  questioned  that  the  whole 
lining  membrane  of  the  cavity  is  also  subservient  to  the  same  action, 
especially  where  this  is  minutely  vascular  throughout,  as  shown  in 
Pig.  122,  B.  Ciliary  action  is  not  the  only — perhaps  not  the  prin- 
cipal— means  of  renewing  the  water  required  for  respiratoiy  purposes 
in  the  Salpidse;  for  they  execute  rhythmical  movements  of  alternate 


Fig.  138. 


A,  Group  of  Perophora  (enlarged) ,  growing  from  a  common  stalk  : — b,  single  Perophora  ; 
a,  test ;  b,  inner  sac ;  c,  branoMal  sac,  attached  to  the  inner  sac  along  the  line  c'  c'  ; 

e,  e,  finger-like  processes  projecting  inwards cavity  between  test  and  internal  coat ; 

f,  anal  orifice  or  funnel ;  g,  oral  orifice ;  g',  oral  tentacula ;  h,  do\vnward  stream  of  food ; 
h',  oesophagus;  i,  stomach;  k,  vent;  I,  ovary  (?) ;  n,  vessels  connecting  the  circulation  in 
the  body  with  that  in  the  stalk. 

contraction  and  dilatation,  the  former  being  accomplished  by  the  instru- 
mentality of  their  muscvdar  bands,  the  latter  by  the  elasticity  of  the  '  test' 
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Fig.  139. 


when  the  muscular  action  ceases;  and  in  tlus  manner  the  ^v-ater  received 
So  the  ca^dty,  being  prevented  from  returning  through  the  oral  oi-ihce 
by  1  bilabiate  valve  which  closes  it,  is  ejected  through  the  anal,  with  a 
force  that  diives  the  animal  in  the  opposite  direction._In  all  the  tribes 
.vLich  make-up  the  group  of  Ascidians,  on  the  other  hand  the  di  ated 
^^ai-vnx  (Fi-.  138,B,c)  is  completely  embraced  by  the  inflected  cloacal  sac 
save  along  the  dorsal  line,  where  the  great  thoracic  sinus  intervenes ;  and 
the  comi^unication  between  them  is  estabhshed  by  a  number  of  vertical 
slits  arranged  m  regular  rows,  and  fringed  with  ciha  very  closely  set 
toc^ether  (Fi<r  1 39).    This  peculiar  conformation,  like  that  of  the  baipidse, 
is  only  attained  as  embryonic  development  advances;  for  the  cloacal  sac 
wMch  commences  as  a  superficial  depression  m  the  position  of  the  anal 
orifice  is  o-radually  inflected  inwards,  untH  it  almost  entirely  surrounds  the 
phai-nix;''and  in  the  pharyngeal  wall  thus  formed  by  the  coalescence  of  the 
two  contiguous  membranes,  one  aperture  is  formed  after  another,  until  the 
entire  series  is  completed.    The  spaces  between 
the  rows  of  slits  are  occupied  by  thickened  trans- 
verse bars;  and  these  contain  extensions  of 
the  siaus-system,  along  which  the  cu-culating 
fluid  passes  between  the  great   sinus  which 
runs  vertically  along  the  dorsal  margin  and 
the  other  which  passes  along  the  ventral  margia. 
The  spaces  between  the  slits  of  the  same  row 
are  not  thus  thickened,  but  they  seem  to  contain 
extensions  of  the  sinus-system,  as  globules  of 
blood  may  be  seen  to  move  in  them.  From 
the  transverse  bars,  digitiform  processes  are 
occasionally  sent  into  the  cavity ;  and  the  oral 
orifice  is  usually  fringed  with  a  set  of  tentacula 
projecting  inwards.     The  use  of  these  would 
appear  to  be,  to  receive  impressions  from  par- 
ticles drawn-ia  by  the  respiratory  current,  whose 
presence  is  unsuitable ;  these  impressions  serving 
to  excite  a  contraction  of  the  muscular  sac, 
whereby  a  gush  of  water  is  expelled  through  one  or  both  orifices, — • 
an  action  analogous  to  that  of  coughing  in  the  higher  animals.  No 
such  muscular  movements  are  concerned,  however,  in  sustaining  the 
ordinary  respiratory  current ;  this  being  entirely  kept-up  by  the  action 
of  the  cilia,  here  so  abundantly  distributed.    The  greater  part  of  the 
water  thus  drawn-in,  is  at  once  transmitted  through  the  slits  in  the 
branchial  sac,  into  the  cloaca,  whence  it  is  ejected  by  the  vent;  the  solid 
particles  fit  for  food,  however,  are  retained,  and  are  gradually  carried- 
down  to  the  entrance  of  the  oesophagus :  and  the  small  stream  of  water 
which  passes  with  them  into  the  alimentary  canal,  is  discharged  through 
the  intestine  into  the  cloaca,  so  as  to  pass-out  by  the  vent. — Notwith- 
standing the  apparent  difference  between  these  two  plans,  they  are  really 
reducible  to  a  common  type;  as  is  shown  alike  by  the  history  of  their 
development,  and  by  the  occurrence  of  intermediate  forms,  such  as 
Doliolum  and  Pyrosoma,  which  establish  the  transition  from  one  to  the 
other.    The  curious  Apioendicularia  permanently  resembles,  both  in  its 
general  structure  and  in  the  conformation  of  its  respiratory  apparatus, 


Portion  of  branchial  sac  of 
Perophora,  highly  magnified, 
showing  the  sUta  Imed  with  cOia, 
and  the  ciirrents  of  blood  flow- 
ing between  them. 
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Fig.  140. 


the  lai-voe  of  the  Ascidians.  For  it  possesses  no  cloacal  cavity,  the  intes- 
tme  opening  directly  on  the  external  surface;  the  dilated  pLx™  hi 
therefore  no  internal  commimication,  save  with  the  alimentaiy  canal  •  and 
the  water  which  is  taken  into  it  for  respiratory  purposes,  and  is  not  re- 
quired to  pass  through  the  intestinal 
tube,  is  ejected  again  by  the  oral 
orifice.  Thus,  wliilst  possessing  the 
peculiar  conformation  of  a  larval  Asci- 
dian  (being  unattached,  and  moving 
freely  through  the  water  by  a  long 
caudal  appendage,  lilte  an  Amaroucium 
in  its  early  state,  Fig.  246),  this  curious 
being  shows  but  a  very  slight  depar- 
ture from  the  Bryozoic  type.  For  if  the 
tentacular  circle  of  a  Bryozoon  were 
to  become  rudimentary,  if  the  general 
cavity  of  its  body  were  to  be  contracted, 
by  the  partial  adhesion  of  its  opposite 
walls,  into  a  sinus-system,  and  if  one  por- 
tion of  this  should  acquire  a  contractile 
coat,  we  should  have  all  the  essential 
parts  of  the  digestive,  circulatory  and 
respiratory  apparatuses,  nearly  iu  the 
relations  which  they  actually  bear  to 
one  another  ia  Appendiculaiia.* 

290.  Passing-on  now  to  the  Bivalve 
Mollusks,  we  find  that  the  exjian- 
sions  of  the  mantle  which  line  the 
shells  of  the  Bracliiofoda,  and  over 
which  the  blood  is  freely  distributed, 
constitute  their  principal  organ  of  re- 
spiration; the  surrounding  water  being 
freely  admitted  to  the  space  between 
the  valves,  and  being  probably  kept  in. 
motion  by  the  agency  of  the  cilia  that 
clothe  the  '  arms.'  In  those  species  in 
which  the  shell  is  perforated  by  cjecal 
extensions  proceeding  from  the  great 
sinus-system  within  each  valve  to  its  ex- 
ternal surface  (§  236  note),  it  is  probable 
that  these,  like  the  papillae  of  the  N"udibranchiate  Gasteropods  (§  291),  may 
serve  as  an  additional  means  for  aerating  the  blood.  As  the  blood  which 
circulates  among  the  viscera  and  in  the  cUiated  arms  must  be  brought  into 
aerating  relation  to  the  water  that  is  in  contact  with  every  part  of  the 

*  See  the  Monograpli  of  Prof.  Milne-Edwards,  "  Sur  les  Ascidies  Composees"  (1840) ;  the 
Memoirs  of  Mr.  Huxley,  on  the  '  Anatomy  of  Salpa  and  Pyrosoma,'  and  on  '  Doliolum  and 
Appendicularia,'  in  "Philos.  Transact.,"  1851;  and  the  Notice  by  the  same  excellent 
and  philosophical  observer  in  the  "Eeport  of  the  British  Association,"  1852. — A  very  in- 
genious idea  of  the  Homology  of  the  Organs  of  the  Tunicata  and  Polyzoa  (Bryozoa)  has  been 
put  forth  by  Prof.  Allman  in  the  "Transact,  of  the  Hoy.  Irish  Acad.,"  Vol.  XXII. ;  but 
the  Author  agrees  with  Mr.  Huxley  in  considering  this  idea  to  be  negatived  by  the  pheno- 
mena of  development,  as  observed  by  Krohn,  "Miiller's  Archiv.,"  1862, 


Interior  view  of  Fholas  crispata,  the  mantle 
being  laid  open  along  the  ventral  margin  : — 
a,  ineurrent  siphon,  and  b,  excurrent  siphon, 
having  whalebone  probes  passed  through  them 
into  the  chambers  with  which  they  i-espectively 
communicate ;  c,  branchial  laminse ;  d,  anal 
chamber  laid  open,  showing  four  rows  of 
orifices  leading  to  tubes  between  branchial 
laminse  ;  e,e,  labial  tentacles ;  f,  accumulation 
of  particles  of  indigo,  propelled  along  the 
edges  of  the  gills;  g,  oral  orifice;  h,  foot. 
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Fig.  141, 


tliin  intec-iiment,  there  seems  the  less  reason  for  any  pecuhar  specialization 
of  the  respiratory  apparatus.  The  Lincjula  (Fig  82)  presents  m  some  degree 
a  transition  from  this  low  type,  towards  the  higher  condition  of  the  Lamel- 
libranchiate  bivalves;  its  mantle  being  thrown  into  plaits  or  folds,  which 
prefiinire  their  lamellated  brancliisB/^— In  the  Zame^fe5m«c^^«^e  Bivalves, 
lefiid  the  internal  surface  of  the  expansions  of  the  mantle  that  line 
the  valves,  to  be  doubled  (as  it  were)  into  four  riband-like  folds  (Fig.  140,  c), 
which  are  very  minutely  supplied  with  blood-vessels  (Fig.  12d  F,  F),  ana 
which  are  obviously  the  special  organs  of  aeration,  though  the  general 
surface  of  tha  mantle  still  doubtless  participates  in  that  function.  the 
four  branchial  lamellae,  two  are 
attached  to   each  lobe  of  the 
mantle ;  and  each  of  them  con- 
sists of  two  folds  of  its  mem- 
brane (as  will  be  seen  in  Fig. 
141,  c),  which  are  continuous  at 
its  edge  (c)  and  are  attached  at 
cei-tain  points  of  their  contigu- 
ous surfaces  {k),  but  are  sepa- 
rated at  others  by  intervening 
channels  {g,  g),  the  interval  be- 
tween them  being  widest  at  the 
base.  Only  one  of  these  laminae 
is  usually  attached  (/),  the 
borders  (e  e,)  of  the  others  being 
free,  so  that  a  probe  may  be 
passed  between  them  into  the 
interior  spaces  {g,  g)  between 
the  layers.    The  structure  of 
these  layers  varies  considerably 
in  the  different  families  of  the 
class;  for  in  some  instances 
they  are  continuous  membranes, 
perforated  (like  the  branchial 
sac  of  the  Ascidians)  with  slits 
arranged  in  rows  and  fringed 
with  cilia,  the  intervals  between 
which  are  occupied  by  blood- 
channels;  whilst  in  other  in- 
stances they  seem  made-up  of 
ciliated  bars  containing  blood- 
channels,  but  having  few  points 
of  union  with  each  other.  In 
either  case,  however,  the  effect  is  the  same.  The  water  is  propelled  over  the 
surface  of  the  branchial  lamellae  in  a  constant  stream,  by  the  action  of  the 
cilia  that  border  their  fissures,  whUst  the  blood  is  made  to  traverse  the 
spaces  intei-vening  between  these  fissures,  and  is  thus  effectually  aerated. 
The  water  that  has  performed  this  office,  passes  through  the  fissui'es  into 

*  The  term  Palliobranchiata  has  been  proposed  by  Prof.  Owen  as  an  appropriate  desig- 
nation for  this  gronp,  being  indicative  of  the  performance  of  the  respiratory  function  by  the 
general  surface  of  the  mantle. 


Brancldal  apparatus  of  LamelUhanchiate  Molluslt : — 
A,  portion  of  branchial  lamin»  highly  magnified,  show- 
ing orifices  in  the  meshes  of  the  vascular  net-work, 
fringed  with  cilia: — B,  section  of  gOl-plate,  showing 
two  of  the  tubes  formed  by  the  adhesion  of  its  laminae : 
— c,  ideal  section  of  the  two  branchiae  of  one  side; 
ec,  free  layer  of  each  gill;  fc,  its  attached  layer; 
gff,  spaces  between  the  layers,  communicating  with  the 
anal  chamber ;  h,  interval  between  the  contiguous 
lameUae ;  k  k,  bars  connecting  the  two  folds  of  the  same 
lamella. 
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the  spaces  {g,  y)  between  the  bi-ancliial  lamellae,  and  is  discharged  in  a 
stream  from  the  extremity  which  is  nearest  the  anal  outlet.  It  is  only 
in  a  comparatively  small  number  of  Lamellibranchiata,  that  the  two  lobes 
of  the  mantle  are  free  (as  in  the  Oyster)  along  the  entire  margin  of  the 
valves,  so  that  the  water  can  enter  at  any  point ;  for  they  are  generally 
found  to  be  more  or  less  united,  so  that  the  gills  become  enclosed  within 
a  branchial  cavity.  There  is  always  a  provision,  however,  for  the  free 
access  of  water  from  without,  by  means  of  two  apertures  (Fig.  140,  a,  b), 
one  of  which  serves  for  its  entrance,  and  the  other  for  its  ejection;  and 
in  cei-tain  species  which  burrow  deeply  in  sand,  mud,  wood,  &c.,  these 
apei-tures  are  furnished  with  long  tubes  or  siphons  reacliing  to  the  en- 
trance of  the  burrow,  which  are  themselves  lined  by  cUia.  In  the  P/iolas 
(Fig.  140)  and  its  allies,  among  which  the  closure  of  the  mantle-lobes  is 
carried  to  its  fullest  extent,  the  cavity  is  divided  into  a  branchial  and  an 
anal  portion,  which  .have  no  other  communication  the  one  with  the  other 
than  thi-ough  the  fissures  in  the  branchial  lamellse.  The  two  laminae  of 
each  gill  are  in  such  close  adhesion  to  each  other,  that  the  intra- 
branchial  spaces  (Fig.  14:1,  c,  g,  g)  are  reduced  to  a  set  of  parallel  tubes  (as 
shown  at  b  c),  which  open  into  the  anal  chamber.  Thus  the  water  that 
enters  by  the  branchial  or  incurrent  siphon  (Fig.  140,  a),  after  finding  its 
way  through  the  slits  in  the  branchial  lamellse  (shown  in  Fig.  141,  B,  and 
more  highly  magnified  at  a),  into  the  intrabranchial  tubes,  passes  at  once 
into  the  anal  chamber,  and  is  discharged  by  the  anal  siphon  (Fig.  140,  b). 
In  its  course  over  the  branchiae,  however,  it  is  deprived  not  merely  of  its 
oxygen,  but  also  of  whatever  alimentaiy  particles  it  may  contain;  and 
these  are  collected,  by  a  very  peculiar  adaptation  of  the  ciliary  mechanism, 
on  the  free  edges  of  each  lamina  (/),  along  which  they  gradually  travel 

to  the  orifice  of  the  oesophagus  (g) ;  as  has  been 
Fro.  1i-2.  shown  experimentally  by  diffusing  particles  of 

indigo  through  the  water  thus  introduced.*  As 
in  the  Tunicata,  the  presence  of  an  obnoxious 
particle  will  cause  its  ejection  with  a  jet  of  water 
through  the  branchial  orifice;  the  branchial 
cavity  bemg  forcibly  pressed-on  by  the  valves 
of  the  shell,  which  are  drawn  together  by  the 
adductor  muscles. 

291.  The  class  of  Gasteropoda  is  remarkable  as 
being  the  only  one  in  the  entire  series  of  Mol- 
lusca,  that  contains  animals  adapted  for  atmo- 
spheric respiration.  The  '  pubnonated'  Gastero- 
pods,  however,  are  comparatively  few  in  number ; 
bv  far  the  larger  proportion  of  this  group  being 
oes^^sJon'^l^gtr^rfiFow;  provided  with  brancluj«,  in  wHch  theii-  blood  is 
johnstoni,  separated  and  en-  ^^y.^-^^^  \yj  tbe  coutact  of  water.  These  bran- 
^"'S®^-  chifB  in  many  orders  form  tufts  of  an  arbo- 

rescent character  (Fig.  142),  which  may  be  disposed  upon  various  parts  of 
*  See  especially  upon  this  subject,  Prof.  Sharpey's  Art. '  CiHa,' in  ''  Cyclop,  of  Anat^^^^^ 
PhvSr' Vol  I    P  6-22;  and  Messrs.  Alder  and  Hancock,  in  "  Ann.  of  Nat.  H  st 
oJtt''  Vol  VIIT    1851  p.  370.-Mr.  Clark,  in  various  numbers  of  the  same  journal,  has 

tSt  ampfe  evidence  that  such  is  not  the  ordinary  course  of  the  current. 
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Fig.  143. 


tlie  surface  of  the  body,  or  may  be  collected  into  a  single  cluster  (Fig.  143). 
There  can  be  no  doubt  that,  in  the  NudihrancMate  Mollusks,  the  gene- 
ral surface  of  the  body  takes 
an  important  share  in  the 
aeration  of  the  blood ;  and  it 
appeai-s  that  in  some  instances 
it  must  constitute  the  princi- 
pal, or  even  the  sole  instru- 
ment for  the  performance  of 
this  function,  since  there  is 
little  or  no  trace  of  any  special 
resjiiratory  apparatus.  We 
have  seen  that  the  former  is 

the  case  in  regard  to  Doris  ;  it  Voris  Johnsioni,  showing  the  tuft  of  external  giUs. 

beiii^  only  the  blood  which  .     xi  .  •        j.  ^ 

has  cii-culated  through  the  liver,  kidneys,  and  ovaria,  that  is  sent  to 
the  branchial  circlet,  whilst  the  remainder  is  transmitted  for  aeration 
to  the  sHn.     In  £olis  (Fig.  104)  and  its  allies,  the  skm  with  its 
papillc^  seems  to  constitute  the  only  instrument  of  aeration,  no  more 
special  provision  for  this  purpose  being  discoverable ;  and  the  whole  of 
its  upper  and  lateral  surface,  as  well  as  the  surface  of  the  papillse  them- 
selves, is  clothed  with  cilia.    In  some  members  of  this  family,  the  sur- 
face is  further  extended  by  the  peculiar  conformation  of  the  papillae ; 
eveiy  one  of  wlrich  is  furnished  with  a  sort  of  membranous  frill,  across 
which  the  blood  must  pass  from  the  afferent  canal  in  the  papUla  itself  to 
an  efferent  vessel  that  runs  along  the  free  margin  of  the  frill,  which  con- 
veys the  blood  back  to  a  great  trunk-vein  that  is  formed  by  the  meeting 
of  aU  these  papillary  vessels.      In  most  of  the  other  branchiferous 
Gasteropods,  the  gills  are  more  or  less  covered  by  the  shell;  and  even 
where  this  is  but  little  developed,  as  in  the  Aplysia,  we  find  it  speciaUy 
devoted  to  their  protection.    The  order  Pectinibranchiata,  which  is  the 
highest  and  most  numerous  subdivision  of  the  class,  receives  its  name 
from  the  peculiar  pectinated  or  comb-lilte   arrangement  of  its  giUs 
(Fig.  144),  which  are  lodged  within  a  cavity  formed  by  the  arching  of  the 
mantle  beliind  the  head ;  and  into  this  cavity  the  water  is  admitted  by  a 
special  channel  or  siphon. — The  Fteropoda  seem  to  be  destitute  of  any 
special  respiratory  organ  •  then-  blood  being  aerated  by  distribution  to 
the  general  surface  of  the  mantle,  the  inner  siu-face  of  which  is  minutely 
vascular. — The  highest  develo^jment  of  the  branchial  apparatus  pre- 
sented by  the  MoUusca,  is  that  which  we  find  in  the  Ce^jJialopoda.  In 
these  animals,  the  gills  are  very  large,  especially  in  the  Dibranchiate 
order  (Fig.  125,  o,  o);  and  they  are  lodged  in  a  cavity  formed  by 
the  folding-over  of  the  mantle,  to  which  water  is  admitted  through  a 
wide  fissure  at  the  base  of  the  head;  whilst  the  current,  after  passing 
over  them,  is  ejected  through  the  funnel  (e).    The  respiratory  surface  is 
not  here  covered  with  vibratile  cilia,  but  the  respii-atory  current  is  sus- 
tained entirely  by  the  alternate  contractions  and  dilatations  of  the  mus- 
cular parietes  of  the  caAdty;  whilst,  in  the  presence  of  special  branchial 
heaiiis  for  the  propulsion  of  the  blood  through  the  gills  (§  239),  we  have 
another  provision  for  the  increased  vigour  of  the  respiratory  function, 

*  See  Mr.  A.  Hancock,  on  the  Anatomy  of  Oithona,  in  "Ann.  of  Nat.  Hist.,"  2nd  Ser., 
Vol.  VIII.,  p.  297. 
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reqvm-ed  by  the  active  habits  of  these  animals,  whicli  present  a  remark- 
able contrast  to  the  sluggish  inert  character  of  the  Molluscous  series  gene- 
rally.— In  that  series,  taken  as  a  whole,  the  respiration  is  low  in  its  amount. 
But  as  their  life  is  chiefly  vegetative,  as  then-  movements  (except  in  the 
highest  classes)  are  few  and  feeble,  and  as  they  maintain  no  independent 
heat,  there  is  comparatively  little  need  of  the  interchange  which  it  is  the 
object  of  the  Respiratory  process  to  efiect;  and  they  can  sustain  the  com- 
plete suspension  of  it  for  a  long  time. 

292.  In  the  classes  of  Annelida  and  Crustacea,  which  belong  to  the 
Articulated  series,  the  respiratory  process  is  carried-on  upon  a  plan  very 
much  resembling  that  which  has  been  just  described ;  the  aquatic  habi- 
tation of  these  animals  involving  the  necessity  of  provisions  that  shall 
answer  the  like  pui-poses.  Still  we  find  that  whilst  the  structure  of  the 
branchiae  is  essentially  the  same  in  the  Articulata  as  in  Mollusca,  their 
form  and  disposition  present  many  important  points  of  difierence ;  the 
most  remarkable  of  these  being  their  uniform  bilateral  symmetry,  and 
longitudinal  repetition. — The  respiratory  organs  of  the  various  orders 
and  genera  of  the  AnneUda  differ  greatly,  not  only  as  to  form  and  ai-range- 
ment,  but  also  as  to  their  relations  to  the  circulating  apparatus.  We 
have  already  seen  (§218)  how  important  a  part  the  '  chylaqueous  fluid'  of 
the  general  cavity  of  the  body  performs  in  the  nutrition  of  the  greater 
number  of  these  animals;  and  how  strong  is  the  probability  (§  219)  that 
the  coloured  non-corpusculated  fluid  conveyed  by  the  (supposed)  sangui- 
ferous system  is  not  truly  blood,  but  serves  no  other  piu'pose  than  that  of 
a  carrier  of  oxygen  and  of  carbonic  acid  between  the  tissues  and  the  aerat- 
ing medium.  Now  in  the  interior  of  a  large  part  of  the  appendages  with 
which  these  animals  are  furnished,  there  are  tubtilar  csecal  prolongations 
from  the  general  cavity  of  the  body,  into  which  the  '  chylaqueous  fluid' 
freely  passes ;  and  these  must  be  considered  as  being  subservient  to  the 
aeration  of  that  fluid,  whatever  may  be  their  other  offices.  Into  others, 
nothing  but  the  (so-called)  blood  is  transmitted;  and  these  have  distinct 
afferent  and  efferent  vessels,  like  the  branchiss  of  Fishes.  In  other  cases, 
again,  the  same  appendage  contains  a  provision  for  the  exposure  of  both 
fluids.  As  a  general  rule,  when  the  branchiae  are  sanguiferous  only,  they 
are  contractile,  but  are  not  ciliated;  when,  on  the  other  hand,  they  receive 
the  chylaqueous  fluid,  they  are  invariably  clothed  with  cilia.  The  form 
of  the  branchial  organs  varies  most  remarkably,  from  a  simple  conical  or 
filamentous  appendage,  to  a  branching  tuffc,  or  to  an  expanded  lamina. 
They  are  almost  invariably  repeated  in  considerable  numbers,  either  on 
the  head,  or  along  the  back  or  sides  of  the  body ;  it  is  only  in  a  few  rare 
cases,  that  they  are  restricted  to  its  posterior  extremity. — In  the  SerpulcB 
and  their  allies,  constituting  the  order  Tubicolce,  the  respii-atory  organs 
are  grouped  around  the  head,  forming  tufts  whose  brilliant  colours  and 
symmetrical  arrangement  render  them,  when  fuUy  expanded,  most  con- 
spicuous and  beautiful  objects.*  Thus  in  Sabella  unispira  (Fig.  144),  they 

*  There  are  few  sights  more  striking  to  the  observer  of  nature  in  tropical  regions  than 
the  unexpected  view  of  a  bed  of  coral  in  shallow  water,  having  its  surface  scattered  with 
the  brilUant  tufts  of  the  SerpuliB  which  have  formed  their  habitations  in  it ;  the  glowing 
and  variegated  tints  of  which,  when  lighted  up  by  the  mid-day  sun,  and  contrasted  with 
the  sombre  hues  of  the  surrounding  rocks  present  an  appearance  ^o^P'-j^f/.  J^T^f  ■ 
most  beautiful  garden  of  carnations  (which  flower  the  animals  much  resemble  in  foim)  sinks 
into  insignificance. 
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are  disposed  spirally  around  a  central  column;  and  each  straight  process 
I'ls  a  double  rSw  o/lesser  filiform  appendages,  every  one  of  which  contains 
aTaffe^^^^^^^^^^  an  efferent  blood-vessel,  and  is  richly  cilmtedon  its  under 
surfece  l^^^though  so  contractile  that  they  can  be  readily  folded-up  and 
::ShcWifjnto  their  tube,  the  branchial  filaments  -  -^^^^^^^^^ 
hension;  the  food  of  these  animals  being  obtained  from  the  currents 

Pig.  144. 


Sabella.  unUpira. 


•water  brought  to  their  mouths  by  the  cilia  which  cover  the  respiratory 
appendages.  In  the  Terebella,  on  the  other  hand,  the  head  is  furnished 
with  prehensile  ciiThi  or  tentacula  (Fig.  113,  b),  which  further  act  as 
branchise  for  the  chylaqueoiis  fluid  that  passes  freely  into  them :  whilst 
beneath  these  we  find  the  sanguiferous  branchiae  (k,  k),  of  a  beautiful 
arborescent  form,  and  reddened  by  the  blood  that  fills  them ;  the  former 
organs  are  clothed  with  cilia,  whilst  the  latter  are  not.  In  the  Arenicola, 
again,  the  ramose  branchise  which  are  disposed  at  regular  intervals  along 
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the  sides  of  the  body  (Fig.  11.5),  and  which  are  the  sole  external  organs 
ot  respu-ation,  are  purely  sanguiferous  like  the  proper  branchiaj  of  Tere- 
bella;  and  there  is  here  no  distinct  provision  for  the  aeration  of  the  chyl- 
aqueous  fluid,  unless  this  be  accomplished  through  the  parietes  of  tlie 
ahnientary  canal,  the  wet  sand  which  the  animal  is  perpetually  swalloAV- 
ing,  serving  as  an  aeriferous  medium.  In  Eunice  (Fig.  114),  again,  the 
branchite  are  purely  sanguiferous;  but  in  some  allied  genera,  the  chyTaqueous 
fluid  also  penetrates  the  loose  tissue  a,round  the  blood-vessels,  which  are 
relatively  smaller  in  size;  and  in  Nephtliys  (Fig.  53)  the  hollow  of  each 
branchial  process  is  chiefly  occupied  by  the  chylaqueous  fluid,  in  the  midst 
of  which  a  coiled  vessel  carrying  blood  is  seen  to  float.  In  ^yllis,  wliich 
is  not  far  removed  from  the  preceding  in  general  structure,  the  branchial 
organs  are  penetrated  by  chylaqueous  fluid  alone.  A  most  remarkable 
provision  for  the  aeration  of  this  fluid  is  seen  in  Braruchellion,  a  leech-Hke 
Annelid  provided  with  two  pairs  of  laminated  branchial  appendages,  an 
anterior  and  a  posterior,  to  each  segment;  for  the  chylaqueous  fluid  is 
conducted  to  these  by  a  set  of  vessels  with  distinct  parietes,  which  form 
a  plexus  upon  their  surface,  without,  however,  any  eflerent  vessels  for  its 
return ;  whilst  the  blood  does  not  penetrate  further  than  the  base  of  each 
of  the  anterior  pairs  of  branchitB,  which  contains  a  dilated  contractile 
vesicle  that  serves  as  a  heart.  Finally,  there  are  several  degraded  forms 
of  this  class,  in  which  there  is  no  special  provision  for  the  aeration,  either 
of  the  chylaqueous  fluid,  or  of  the  (so-called)  blood ;  the  general  siu-face 
in  these  worms  being  capable  of  affording  all  the  interchange  of  consti- 
tuents between  the  fluids  of  their  bodies  and  the  suiTounding  medium, 
which  the  necessities  of  their  economy  require."^ — In  many  animals  of 
this  group,  as  we  have  seen  in  the  preceding  chapter,  there  are  special 
provisions  for  the  propulsion  of  the  blood  through  the  branchiae,  the  feeble 
contraction  of  the  systemic  trunks  not  affording  sufficient  power. 

293.  The  higher  Articulated  classes  are,  for  the  most  part,  adapted  to 
atmospheric  resjwration,  on  the  plan  to  be  presently  explained;  but  there 
is  one  class,  that  oi  Crustacea,  whose  respiration  is  still  camed-on  through 
the  medium  of  water.  In  the  suctorial  forms  of  this  group,  there  is  no 
si^ecial  respiratory  apparatus;  the  general  siu'face  being  soft  enough  to 
admit  of  the  required  aeration  of  the  fluids  through  its  own  substance,  and 
the  animal  functions  being  performed  with  so  little  activity,  that  a  very 
small  amount  of  interchange  is  required.  In  the  higher  orders,  however, 
whose  bodies  are  encased  within  a  harder  envelope,  a  special  respiratory 
organ  is  almost  invariably  found.  In  some  of  these  (as  the  Branchiopoda, 
Fig,  60),  the  last  joints  of  all  or  of  the  greater  number  of  the  legs  are 
flattened-out  into  membranous  sui"faces,  which  appear  calculated  to  per- 
mit the  influence  of  the  air  upon  the  nutritions  fluid  that  penetrates  them, 
and  wliich,  by  theii'  incessant  strokes  npon  the  water,  continually  renew 
the  medium  in  contact  with  them  and  with  the  body  generally.  Pro- 
ceeding higher  (to  the  order  Amfhipodd)  we  find  a  particular  portion  only 
of  the  extremity,  the  flabellar  appendage,  devoted  to  respii-ation ;  but 

*  See  the  Memoirs  of  M.  de  Quatrefages  on  tLe  '  llespiration  of  the  Annelida,'  in 
"Ann.  des  Sci.  Nat.,"  3°  Ser.,  Zool.,  Tom.  XIV.,  p.  290,  et seq.  ;  and  on  the  'Anatomy 
and  Physiology  of  Branchellion,'  Op.  Cit.,  Tom.  XVIII.,  p.  306,  et  seq.  See  also  the 
Memoir  of  Dr.  T.  WiUiams.  in  "Ann.  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  XII.,  p.  393,  et  seq. 
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tKU  is  developed  to  an  i.c,W  ^^^ttTH^S^b^io! 
s„rface  i.  of  this  Action,  i, 

minal  membera.    The  next  stage  m  tiie  i  j„„pod(£)  to  the 

the  restriction  of  the  branchial  (^"^^^^^  it  and  cLe  to  have 

fppa.tus  P^r^y  ^^^^^^  I-Hs  iot^/'i't 

bTt  these  organs  are  lodged  and  protected  within  a  special  cavity,  and 
?he  ilnewaTSthewater\ecessa^  to  their  operation  is  secured  by  the 
it  on  of  cUstinct  appendages.    This  cavity  is  formed  ^-^^^^^f^'^Z 
of  the  external  tegument,  and  is  provided  with  two  ^^^^f,^^^^ 
introduction  and  the  other  for  the  expulsion  of  the  fluid.    Thiough  these 
orifices  a  constantly-renewed  supply  of  water  is  made  to  pass  by  the 
agency  of  a  large  valve-like  organ,  placed  in  the  efferent  canal  ^hich  ^,7 
its  movements,  cbives  a  continual  current  from  behind  forwa^'ds,  and  thus 
occasions  a  constant  ingress  through  the  afferent  opening ;  _  this  organ  is 
nothing  else  than  the  flabelliform  appendage  of  the  second  pair  of  feet-jaws, 
speciaUy  developed  to  answer  this  purpose.*    The  perfect  contact  of  the 
water  with  the  respiratory  surface  is  fiu-ther  provided-for,  by  the  actions 
of  the  flabelliform  appendages  of  other  maxillary  or  ambulatory  members, 
wHch  in  most  Decapods,  penetrate  into  the  branchial  cavity,  and  mces-^ 
santly  sweep  the  surface  of  the  branchiae,  apparently  for  the  purpose  of 
combing  out  their  filaments  (so  to  speak)  by  means  of  the  stiff  hau-s  with 
which  they  are  furnished,  t    In  those  Crustacea  which  are  adapted  to 
Uve  for  a  time  on  land,  the  orifices  of  the  branchial  cavity  are  very  small, 
so  that  but  a  trifling  amount  of  evaporation  can  take  place  from  themj 
and  it  appears  that,  in  all  the  species,  the  gUls  can  be  subservient  to  aerial 
as  well  as  to  aquatic  respiration,  provided  their  surface  be  kept  moist,— 
the  asphyxia  of  the  animals  in  a  dry  atmosphere  being  due  to  the  desic- 
cation of  this  membrane,  and  its  consequent  unfitness  for  the  performance 
of  its  fanctions.    There  are  other  species,  known  as  Land-Crabs,  which 
not  only  live  habitually  out  of  water,  but  are  infallibly  drowned  if  kept 
long  immersed  in  that  fluid.     The  membrane  lining  their  branchial 
cavities  is  sometimes  disposed  in  folds,  capable  of  serving  as  reservoirs  for 
a  considerable  quantity  of  water;  and  sometimes  presents  a  spongy 
texture  equally  well  adapted  for  storing-up  the  fluid,  which  is  necessary 
to  keep  the  organs  of  respiration  in  the  state  of  humidity  required  for  the 
performance  of  their  functions.    Land-crabs  are  never  known  to  remove 
far  from  damp  situations ;  and  this  humidity  may  be  either  derived  from 
the  atmosphere,  or  furnished,  as  in  higher  air-breathing  animals,  by  a 
secretion  from  the  circulating  fluid.    It  can  scarcely  be  doubted  that 
the  spongy  lining  of  the  branchial  cavity  in  these  Crustacea  is  peculiarly 


* 


Prof.  Milne-Edwards,  Art.  'Crustacea,'  in  "Cyclop,  of  Anat.  and  Physiol.,"  Vol.  I, 
t  See  Quekett  in  "Transactions  of  Microscopical  Society,"  Vol.  II.,  p.  37. 
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subservient  to  aerial  respiration;  and  it  appears  to  be  owing  to  tlie  check 
wlte^'  activity,  that  land-crabs  are  di-owned  when  plunged  under 

294.  The  stages  in  the  development  of  the  branchial  apparatus  of  the 
Astacusjluviatihs  (Cray-fish)  have  been  so  beautifully  traced-out  by  M 
Milne-Edwards  (op.  cit.),  in  connection  with  the  various  forms  of  the  same 
m  adult  species  of  different  tribes,  that  it  seems  advantageous  to  notice 
them  here  for  the  sake  of  ready  comparison,  rather  than  to  defer  the 
account  of  them  to  the  general  description  of  the  progressive  evolution 
of  the  system  in  the  embiyo  of  higher  animals.— In  the  earlier  periods 
of  embiyonic  life,  no  trace  of  branchiae  can  be  discovered;  so  that  the 
embryo  may  then  be  considered  as  on  a  level  with  those  inferior  Crus- 
taceans, whose  respiration  is  entirely  caiTied-on  by  the  general  surface. 
When  these  organs  are  first  evolved  during  the  process  of  incubation, 
they  consist  of  simple  laminated  expansions,  representing  the  flabelliform 
appendages  of  the  three  pairs  of  maxillaiy  members,  and  thus  correspond- 
ing with  the  branchial  feet  of  the  Branchiopoda.  These  soon  subdivide, 
and  one  part  assumes  a  cylindrical  form,  and  seems  no  longer  to  belong 
to  the  apparatus,  whilst  branchial  filaments  begin  to  appear  on  the  other] 
which  are  subsequently  prolonged  into  complete  gills ;  diu'ing  this  interval 
the  thoracic  extremities  have  made  their  appearance,  and  they  also  be- 
come furnished  with  branchial  appendages;  and  thus  in  possessing 
respiratory  organs  which  are  quite  distinct  from  the  instruments  of  ]oco° 
motion,  but  are  altogether  external,  the  embryo  Decapod  corresponds 
with  the  higher  Stomapoda.  At  a  subsequent  period,  a  narrow  groove  or 
furrow  is  seen  along  the  under  edges  of  the  thorax,  the  margins  of  which, 
in  no  long  time,  are  prolonged  so  as  to  meet  each  other  and  enclose  the 
gills ;  openings  being  left  for  the  entrance  and  exit  of  water,  which  are 
at  first  large,  but  subsequently  become  contracted  to  the  proper  size.  It 
is  thus  evident  that  the  lining  membrane  of  the  cavity,  as  well  as  that 
which  covers  the  filaments  of  the  branchiae,  is  but  a  prolongation  of  the 
external  tegument. 

295.  Althoiigh  the  respiratory  apparatus  in  Fishes  retains  the  tyjje 
which  characterised  it  in  the  inferior  aquatic  classes,  it  undergoes  a  great 
increase  both  in  extent  and  importance.  In  order  to  keep-up  with  the 
rapid  advance  in  the  development  of  the  other  systems,  the  resj)u-ation 
requires  to  be  conducted,  though  by  means  of  an  aquatic  element,  with 
great  velocity  and  effect.  For  this  purpose,  it  is  not  sufficient  that  Fishes 
should  have  merely  filamentous  tufts  hanging  loosely  at  the  sides  of  the 
neck ;  but  it  is  requisite  that  they  should  possess  the  means  of  raj^idly 
and  constantly  propelling  large  streams  of  water  over  their  surface,  and 
of  forcing  the  whole  blood  of  the  system  through  the  respiratoiy  ap- 
paratus, to  be  submitted  to  the  action  of  the  air  that  is  contained  so 
scantily  in  the  water.  The  former  of  these  ends  is  effected  by  the  con- 
nection of  the  gills  with  the  cavity  of  the  mouth,  the  muscles  of  which 
send  a  rapid  current  of  water  through  the  branchial  passages ;  and  the 
latter,  by  the  alteration  in  the  position  of  the  heart,  which  is  jDlaced  so  as 
to  propel  the  blood  through  the  respiratory  organs  before  it  proceeds  to 
the  system  at  large  (§  240).  The  gills  in  most  Fishes  are  disposed  in 
fringed  laminae,  the  lamellae  of  which  are  set  close  together  like  the  bai-bs 
of  a  feather,  and  are  attached  on  each  side  of  the  throat,  in  double  rows. 
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to  the  convex  margins  of  four  or  five  long  bony  or  cartilaginous  arches 
(Fig.  145,  a),  which  are  suspended  from  the  hyoidean  arch.    The  extent 


Fig.  145. 


A  Branchial  arch  o£Msh,  with  its  blood-veasels ;  c  c',  branchial  artery,  dummshing  in  size 
from  c  to  e',  in  proportion  as  it  furnishes  the  twigs  c"  c"  to  the  branchial  lameUiE ;  dd,  the  bran- 
chial vein,  which  augments  in  the  same  proportion,  as  it  receives  the  venous  twigs  d  d  .— B,  capil- 
lary net- work  of  a  pair  of  leaflets  of  the  gills  of  the  Eel  -.—a,  a,  branches  ol  the  branchial  artery 
conveying  venous  blood;  i,  i,  branches  of  branchial  vein,  returmng  aerated  blood.  Ihe  das- 
appearance  of  the  dark  shading  in  the  net-work,  as  it  traverses  the  gill,  is  designed  to  mdi- 
cate  the  change  in  the  character  of  the  blood,  as  it  passes  from  one  side  to  the  other. 

of  surface  exposed  by  these  gills  is  very  great,  and  the  network  of  capil- 
laries spread  over  them  is  extremely  minute  (b).  In  the  Osseous  fishes, 
the  gills  are  lodged  in  a  capacious  chamber,  which  communicates  inter- 
nally Avith  the  pharynx,  by  a  distinct  orifice  for  each  interspace  between 
the  branchial  arches ;  whilst  externally  it  opens  by  a  single  large  orifice 
on  each  side,  which  is  furnished  with  a  valvular  bony  operculwm,  that 
allows  free  passage  to  the  currents  ejected  from  the  mouth,  but  serves  for 
the  protection  of  the  delicate  organs  beneath  it.  In  the  higher  Garti- 
laginous  fishes,  the  gill-chamber  is  more  completely  subdivided;  the 
branchial  lamellae  being  attached,  not  merely,  at  their  bases  to  the  bran- 
chial arches,  but  by  their  opposite  extremities  to  the  membrane  lining 
the  chamber;  and  each  branchial  interspace  has  its  own  external  orifice 
for  the  discharge  of  the  water.  "We  shaU  hereafter  find  that  the  bran- 
chial fissui-es  in  the  neck,  which  thus  form  a  direct  communication 
between  the  pharynx  and  the  external  surface,  may  be  seen  in  all  the 
higher  Yertebrata  at  a  certain  stage  of  development  (§  316). 

296.  A  curious  departure  from  the  ordinary  type  of  the  respiratory 
apparatus  of  Fishes,  which  carries  us  back  to  the  type  of  the  Tunicated 
Mollusca,  presents  itself  ia  Amphioxus.  The  oral  cavity  of  this  animal 
opens  posteriorly  by  a  large  orifice  (Fig.  127,  ph)  into  a  wide  pharyngeal 
cavity  (r  r),  the  walls  of  which  are  strengthened  by  a  sort  of  cage,  formed 
of  delicate,  transparent,  hair-like,  cartilaginous  arches,  seventy  or  eighty  in 
number,  whilst  between  these  are  a  series  of  clefts,  the  edges  of  which  are 
fiinged  with  cilia.  This  pharyngeal  sac  appears  to  serve  as  the  principal 
respiratory  apparatus ;  for  a  considerable  part  of  the  water  which  is  taken 
in  by  the  action  of  the  oral  ciliated  lobes,  and  which  enters  the  pharyn- 
geal orifice,  is  driven  through  these  slits  iato  the  abdominal  cavity,  from 
which  it  makes  its  exit  by  the  abdominal  pore  od;  the  remainder  passing 
through  the  cardiac  orifice  {py)  into  the  digestive  cavity.  Besides  this 
organ,  however,  another  means  of  aeration  is  provided  in  a  set  of  digitate 
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prolongations  of  mucous  membrane  {y  g)  contained  within  the  ca^dty  of 
the  mouth;  these,  being  copiously  supplied  with  blood  and  closely  set 
with  ciha,  and  being  exposed  to  the  first  stream  of  water  as  it  enters  the 
mouth,  are  perha]3s  to  be  considered  (as  is  ui^ged  by  Prof  Owen*)  as  the 
most  efficient  part  of  the  respiratory  apparatus.  The  venous  blood  which 
has  passed  through  the  system  is  for  the  most  part  collected  into  the  pos- 
terior part  of  the  great  ventral  trunk,  which  is  furnished  with  a  pulsatUe 
cUlatation  close  to  the  posterior  extremity  of  the  branchial  sac;  and  from 
this  ventral  trunk  are  given  off  numerous  branches,  which  pass  round  the 
pharynx  between  its  fissures,  and  discharge  themselves  into  the  dorsal 
trunk  ba.  The  anterior  continuation  of  the  ventral  trunk,  which  trans- 
mits the  blood  forwards  to  the  head,  also  conveys  it  through  the  vessel  b  v 
to  the  ciliated  appendages  within  the  mouth,  after  which  it  is  carried  to 
the  dorsal  trunk,  whence  it  proceeds  to  the  system  generally,  together 
with  the  blood  that  has  been  aerated  by  passing  through  the  walls  of  the 
dilated  pharynx. 

297.  Another  remarkable  variation  is  presented  in  the  Cyclostome 
Fishes ;  in  which  we  find  six  or  seven  pairs  of  gills  on  each  side,  and 
these  not  attached  to  cartilaginous  arches,  but  developed  as  folds  from 
the  Hning  membrane  of  as  many  distinct  sacculi.  To  understand  the 
relation  between  these  and  the  gills  of  ordinary  fishes,  we  must  suppose 
(as  Prof.  Owen  has  remarkedf)  each  compressed  sac  of  the  Myxine  to  be 
split  through  its  plane,  and  each  half  to  be  glued  by  its  outer  smooth  side 
to  an  intermediate  septum,  which  would  then  suiDport  the  ojiposite  halves 
of  two  distinct  sacs ;  if  then  these  vascular  surfaces  be  prolonged  into 
lamellae,  tufts,  or  filaments,  and  an  intermediate  basis  of  support  be 
developed,  we  have  the  branchial  arch  of  one  of  the  higher  cartilaginous 
Fishes,  which  is  the  homologue,  not  of  a  single  gill-sac,  but  of  the  con- 
tiguous halves  of  two  distinct  gill-sacs,  in  the  Myxine.  The  first  part  of 
this  change  is  seen  in  the  Lamprey ;  in  which  we  also  find  the  branchial 

sacculi  communicating 
with  the  pharynx,  not 
directly  by  a  separate 
fissure  for  each,  but 
through  the  medium 
of  a  tube  which  comes 
off  from  the  pharynx 
on  either  side,  and  con- 
veys the  water  by  a 
distinct  branch  to  each 
gUl-sac.  In  most  of 
the  Cyclostomi,  as  in 
the  Lamprey,  each  sac 
opens  externally  at  the 

Lamprey : — A,  its  cwoular  suctorial  mouth.  side  of  the  UGCk  by  a 

separate  orifice  (Fig. 

146) ;  but  in  the  Myxine  the  efferent  current  is  conveyed  by  a  special  tube, 
which  collects  it  from  all  the  sacculi  of  one  side,  and  passes  backwards  to 
discharge  itself  near  the  middle  line  of  the  ventral  sm'face;  thus  present- 

*  "  Hunterian  Lectures  on  Comparative  Anatomy,"  Vol.  II.,  p.  25i. 
t  Op.  cit.,  p.  259. 
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insr  a  connectiug  link  between  the  provision  for  the  discharge  of  the 
respiratoiy  cm-rent  in  Amphioxus,  and  that  which  prevails  m  ordinary 
Fishes— Some  even  of  the  Osseous  fishes  present  a  departure  from  the 
ordinary  type,  in  the  prolongation  and  contraction  of  the  efferent  canal; 
and  this  is  particularly  remarkable  in  the  Eel  tribe,  in  which  we  find  the 
two  orifices  approximating  each  other  on  the  under  side  of  the  neck,  until, 
in  Synhranchus,  they  actually  meet,  so  that  the  respiratory  current  is  dis- 
charged from  both  sides  by  a  single  pore  on  the  median  line.— During  the 
embryo  condition  of  both  the  principal  divisions  of  this  class,  the  gills 
may  be  seen  hanging  loosely  from  the  back  part  of  the  neck :  for,  m  Osseous 
fishes,  they  have  attained  considerable  development,  before  the  prolonga- 
tion of  the  integument  has  been  formed  into  the  valve  which  covers  them; 
and  in  the  Cartilaginous  fishes,  the  branchial  openings  are  at  first  large, 
and  the  filaments  of  the  gills  are  prolonged  much  beyond  them, — other 
filaments  also,  which  subsequently  disappear  altogether,  being  produced 
from  their  edges. 

298.  The  mechanism  of  Respiration  is  very  complex  in  Fishes;  and  is 
adapted  to  produce  the  most  effectual  aeration  which  their  organs  admit  of. 
The  mouth  is  first  distended  with  water;  and  its  muscles  are  then  thrown 
into  contraction,  in  such  a  manner  as  to  expel  the  fluid,  through  the 
apei-tures  on  either  side  of  the  pharynx,  into  the  gill-cavity.  At  the  same 
time,  the  bony  arches  are  lifted  and  separated  from  each  other,  by  the 
action  of  muscles  especially  adapted  to  this  purpose ;  so  that  the  gill- 
fringes  may  hang  freely,  and  may  present  no  obstacle  to  the  flow  of  the 
water  between  them.  When  they  have  been  thus  bathed  with  the 
aerating  liquid,  and  their  blood  has  undergone  the  necessary  change,  the 
water  is  expelled  through  the  external  apertures  by  muscular  pressure ; 
its  return  to  the  pharynx  being  prevented  by  the  valves  with  which  the 
oiifices  are  furnished.  It  is  well  known  that  most  Fishes  speedily  die 
when  removed  from  the  water ;  and  it  can  be  easily  shown  that  the 
deficient  aeration  of  the  blood  is  the  immediate  cause  of  their  death. 
But  as  it  might  have  been  expected  that  the  atmosphere  would  exert  a 
much  more  energetic  influence  upon  the  blood  contained  in  the  gills,  than 
that  which  is  exercised  by  the  small  quantity  of  air  contained  in  the 
water,  the  question  naturally  arises,  how  this  deficient  aeration  comes  to 
pass.  It  is  chiefly  due  to  the  two  following  causes ; — the  drying-up  of 
the  membrane  of  the  gills  themselves,  where  it  is  exposed  to  the  air,  so 
that  the  aeration  of  the  blood  is  impeded; — and  the  flapping-together  of 
the  filaments  of  the  gills,  which  no  longer  hang  loosely  and  apart,  but 
adhere  in  such  a  manner  as  to  prevent  the  exposure  of  the  greater  portion 
of  their  surface  to  the  air.  Those  among  ordinary  Fishes  can  live  longest 
out  of  water,  in  which  the  external  gill-openings  are  very  small,  so  that 
the  gill-cavity  may  be  kept  full  of  fluid :  but  there  is  a  particular  family, 
that  of  Lahyrinthibranchii,  in  which  the  anterior  branchial  arches  give 
origin  to  a  curious  lamellated  apparatus,  in  whose  interspaces  water 
may  be  retained  for  a  considerable  length  of  time,  so  as  to  keep  the  gills 
moist ;  and  by  this  provision,  analogous  to  that  which  exists  in  the  Land- 
Crab  (§  293),  such  fishes  are  enabled  to  remain  for  a  considerable  time 
out  of  water,  performing  long  migrations  over  land  in  search  of  food,  and 
even  (it  is  said)  ascending  trees. — The  respiration  of  Fishes  is  much  more 
energetic  than  that  of  any  of  the  aquatic  Invertebrata ;  and  this  is  partly 
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due  to  the  gi-eat  extension  of  the  surface  of  the  gills,  partly  to  the  pro- 
vision just  explained  for  maintaining  a  constant  flow  of  fresh  water  over 
their  surface,  and  partly  to  the  position  of  the  heart  at  the  base  of  the 
mam  trunk  that  conveys  the  blood  to  the  gills,  by  which  the  energetic 
propulsion  of  that  fluid  through  these  organs  is  secured.  Their  blood, 
too,  is  fm-nished  with  red  corpuscles,  which  seem  to  give  important  aid  in 
conveying  oxygen  from  the  gills  to  the  remote  tissues  of  the  body,  and  in 
retm-ning  the  carbonic  acid  to  be  excreted.  The  proportion  of  these, 
however,  varies  considerably  in  the  difierent  species  of  the  class;  being 
very  small  in  those  that  approach  most  nearly  to  the  Invertebrata,  whilst 
they  are  present  in  large  numbers  in  the  blood  of  certain  Fishes,  which 
have  great  muscular  activity,  and  can  maintain  a  high  independent 
temperature. 

299.  The  branchial  apparatus  temporarily  possessed  by  the  Imvoe,  of 
the  higher  Batrachia,  and  persistent  in  the  Perennihranchiate  division  of 
the  same  order,  is  constructed  in  all  essential  pai-ticvdars  upon  the  plan  of 
that  of  Fishes.  In  the  first  instance  the  branchiae  are  external,  hanging  as 
tufts  from  the  sides  of  the  neck  (Figs.  147,  148);  and  these  external  gills. 


Fig.  147. 


Proteus  Anguineus. 


Fig.  148. 


Axolotl. 


like  the  branchise  of  Invertebrated  animals,  are  covered  with  cilia,  whose 
actions  are  of  considerable  importance  in  renewing  the  stratum  of  water 
in  contact  with  them.  This  state  continues  in  most  of  the  Pereuni- 
branchiata  through  the  whole  of  life ;  but  in  the  Amphiuma  and  Meno- 
brancJms,  the  external  gills  disappear,  without  being  replaced  by  internal 
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organs  of  a  like  kind,  and  nothing  remains  of  their  branchial  apparatus, 
save  the  fissures  leading  from  the  pharynx  and  the  surface  of  the  neck. 
In  those  Batrachia,  however,  whose  development  proceeds  further  (as 
Frof^  and  Water  Newts),  the  branchite  are  subsequently  more  or  less 
enclosed  by  a  fold  of  the  skin,  which  forms  a  membranous  valve,  analo- 
crous  to  the  bony  operculum  of  Fishes;  and  in  the  tadpole  of  the  Frog, 
the  branchial  cavity  thus  fonned  is  closed  completely  on  the  right  side, 
the  water  which  has  passed  through  it  being  ejected  through  the  opening 
that  remains  on  the  left. 

300.  Atmospheric  Respiration. — Having  thus  traced  the  organs  ot 
aquatic  respiration,  from  their  simplest  and  most  general,  to  their  most 
elaborate  and  most  specialised  forms,  we  have  to  foUow  the  same  course 
with  those  which  are  provided  for  atmospheric  respiration.  None  such 
are  met  with  among  the  Radiated  classes,  which  are  all  aquatic;  and  the 
Puhnonated  Gasteropods  are  the  only  Mollusca  which  are  adapted  for 
breathing  air.  This  group  includes  not  merely  the  Snails,  Slugs,  and 
other  terrestrial  Gasteropods;  but  also  several,  which,  although  habitually 
living  beneath  the  water,  receive  air  (taken-in  at  the  surface)  into  a  pul- 
monic cavity,  instead  of  respiring  through  the  medium  of  branchiae.  This 
pulmonic  cavity  is  a  simple  undivided  sac  (Fig.  124,  d,  d),  on  the  walls  of 
which  the  blood-vessels  are  minutely  distributed ;  it  lies  beneath  the  dorsal 
portion  of  the  mantle,  and  communicates  with  the  external  air  by  a  single 
orifice  on  the  right  side  of  the  neck,  provided  with  a  sphincter-muscle  by 
which  it  can  be  occasionally  closed. 

301.  In  a  large  proportion  of  the  A  rticulated  series,  however,  we  find 
the  apparatus  for  atmospheric  respiration  presenting  a  high  degree  of 
development;  but,  Hke  the  branchial  organs  of  the  lower  members  of 
that  series,  it  exhibits  a  tendency  to  repetition  in  successive  segments, 
which  is  in  striking  contrast  with  the  conformation  just  described.  What 
are  to  be  homologically  considered  as  the  organs  of  respiration,  however, 
appear  in  some  instances  to  have  little  or  no  connection  with  the  func- 
tion, as  is  the  case  in  regard  to  the  air-bladder  of  Fishes  (§  307).  For  the 
sacculi  of  the  Leech  and  Earthworm  (§  287),  which  open  externally  on 
each  side  of  the  body  by  orifices  that  correspond  in  position  to  the 
spiracles  of  Myriapods  and  Insects,  are  always  found  to  be  full  of 
fluid,  and  seem  rather  to  be  secreting  organs,  destined  to  pour  forth 
a  watery  mucus  for  the  lubrication  of  the  skin,  than  to  be  directly 
concerned  in  the  aeration  of  the  blood  (?)  or  of  the  chylaqueous  fluid 
of  these  animals.  This  seems  to  be  sufficiently  provided-for  by  the 
cutaneous  surface,  to  which  we  have  seen  that  the  blood  is  specially 
transruitted  in  the  Lieech  (§  220) ;  but  it  is  only  when  quite  moist,  that 
the  skin  can  thus  serve  as  a  respiratory  organ ;  and  in  maintaining  this 
condition,  the  secreting  saccidi  just  described  are  indirectly  subservient 
to  this  function. — In  Myriapoda,  however,  we  find  a  regular  transition 
presented  by  the  respiratory  apparatus  of  the  difierent  families,  from 
that  just  described,  to  that  which  is  characteristic  of  Insects;  for  whilst 
in  the  lower  lulidoi  the  spiracles  lead  only  to  a  double  series  of  sacculi 
presenting  few  or  no  ramifications,  the  higher  members  of  that  group 
have  a  set  of  ramifying  trachem,  issuing  from  each  sacculus,  and  proceed- 
ing to  the  various  organs  of  its  own  segment;  and  in  the  Scolopendridce 
the  tracheal  systems  of  difierent  segments  come  into  connection  with  each 
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Fig.  149. 


other  by  rautiial  inosculation,  some  even  jjossessing  the  two  longitudinal 
canals  connecting  together  the  whole  series  of  si^iracles  and  the  main 
trunks  of  the  trachejB,  which  we  find  in  Insects.  The  tracheae  themselves 
are  formed^  as  in  Insects,  of  two  membranes,  between  which  an  elastic 
spiral  fibre  winds  round  and  round  the  tube,  so  as  to  prevent  its  cavity 
from  being  easily  obliterated  by  compression. 

302.  In  studying  the  Respiratory  system  of  Insects,  we  shall  have 
occasion  to  observe  several  pecidiar  modifications  which  it  undergoes  for 

particular  purposes,  whilst  its 
essential  character  remains  un- 
altered; and  we  shall  have  also 
an  opportuiaty  of  noticing  the 
varieties  of  form  and  function 
wliich  the  same  ajjparatus  may 
present  at  difierent  periods  of 
life,  and  under  changes  in  ex- 
ternal conditions.  The  mus- 
cular energy  required  for  the 
locomotive  powers  of  the  perfect 
Insect,  and  the  general  activity 
of  its  organic  processes,  neces- 
sarily involve  a  large  amount 
of  communication  between  the 
nutritious  fluid  and  the  atmo- 
sphere ;  hwt,  on  the  other  hand, 
the  low  development  of  the  cir- 
culating system  would  prevent 
the  aeration  from  being  accom- 
plished with  sufficient  rapidity, 
by  the  transmission  of  the  blood 
through  one  particular  organ. 
The  difficulty  is  obviated  by  the 
introduction  of  the  vivifying 
agent  into  every  part  of  the 
body,  by  means  of  a  complex  and 
minvitely-distributed  system  of 
'trachete;'  which  ramify  thi-ough 
even  the  smallest  and  most  deli- 
cate organs,  and  thus  bring  the 
air  into  immediate  relation  with 
all  their  tissues;*  whilst  they 
also  dilate  in  certain  parts  into 
sacculi,  which  sometimes  attain 
a  considerable  size  (Fig.  149). 
The '  spiracles,'  or '  stigmata'  {g), 


Tracheal aystem ofNepa (Water-Scorpion)  :—a,  head ; 
h  first  pair  of  legs;  e,  first  segment  of  the  thorax; 
d,  second  pair  of  wings;  e,  second  pair  of  legs  ;  /,  tra- 
cheal trunli ;  g,  one  of  the  stigmata;  h,  arr-sac. 


throu^^h  which  air  enters  the  tracheal  system,  are  normally  situated 
upon  either  side  of  each  segment  of  the  body;  but  they  are  often 
deficient  in  certain  segments,  those  of  the  thorax  especially.    They  difier 

*  It  is  stated  by  Dr.  T.  WiUiams  ("Ann.  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  XIII.,  p.  193) 
that  the  minutest  ramifications  of  the  trachese  are  destitute  of  the  spiral  coU ;  with  this 
statement  the  Author's  own  observations  accord. 
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considerably  as  regards  theii-  complexity  of  structure;  being  sometimes 
mei  slits  like  button-holes;  whilst  in  other  instances  they  have  two 
Tves  which  can  be  opened  and  shut  (like  the  leaves  of  a  folding-door) 
bv  macular  effort.  They  are  frequently  furnished,  moreover,  with  a 
^d  of  ive  or  grating,  which  filters-out  the  particles  of  dust,  soot,  &c., 
S^t  would  othei.vise  enter  with  the  air,  and  soon  block  up  the  passages. 
The  spiracles  communicate  by  short  wide  canals  (which  sometimes  exhi- 
bit vesicular  dilatations  that  remind  us  of  the  sacculi  of  tl^^^^r.^^^a) 
.^dth  the  two  long  trimks  (/),  which  pass  from  one  end  of  the  body  to  the 
other,  and  which  give  off  branches  whose  ramihcations  extend  through 
the  bodv  The  peciUiar  relation  of  these  tracheal  ramifications  to  the 
circulating  system,  has  been  already  described  (§  226).  The  proportional 
size  of  the  saccular  dUatations,  which  are  mostly  formed  on  the  principal 
trunks,  varies  greatly  in  different  families.  They  are  -visually  most 
developed  in  those  that  sustain  the  longest  and  most  powerful  fhght  (such 
as  the  Bee  tribe),  which  are  generally  those  whose  larva-condition  has 
been  most  imperfect,  and  in  which  there  has  been  originally  no  appearance 
of  these  enlargements;  on  the  other  hand,  they  are  almost  entirely  absent 
in  the  Insects  destined  to  live  upon  the  gTOund,  or  m  them  are  little 
larger  than  the  slight  expansions  found  in  the  early  conditions  of  such  as 
undergo  no  complete  metamorphosis.  There  can  be  little  doubt  that  one 
use  of  these  cavities  is  to  diminish  the  specific  gravity  of  the  Insect,  and 
thus  to  render  it  more  buoyant  in  the  atmosphere;  but  it  would  not  seem 
improbable  that  they  are  intended  to  contain  a  store  of  air  for  its  use 
while  on  the  wing,  as  a  part  of  the  spiracles  are  at  that  time  closed,  so 
that  less  can  enter  from  without. 

303.  The  interchange  of  the  air  contained  within  this  system  of 
trachetB  and  air-sacs,  is  accomplished  by  the  alternate  contraction  and 
enlargement  of  the  abdominal  portion  of  the  body.  The  abdominal 
segments  are  seldom  covered  by  complete  inflexible  rings ;  for  between 
the  dorsal  and  the  ventral  half  of  each  ring,  a  membranous  portion 
usually  intervenes;  and  thus  the  capacity  of  each  segment  may  be 
diminished  by  the  approximation  of  these  two  portions  of  its  dense 
envelope,  which  is  effected  by  muscular  contraction.  But  the  rings  are 
also  capable  of  being  in  some  degree  drawn-up  one  into  another,  like 
the  sliding  joints  of  a  telescope;  and  in  this  way  the  abdomen  is  short- 
ened as  well  as  compressed  vertically,  so  that  a  large  part  of  the  air 
contained  in  the  tracheal  system  will  be  expelled  from  it.  The  enlarge- 
ment of  the  abdomen,  and  the  re -filling  of  the  tracheal  system,  appear 
to  be  chiefly  due  (like  the  inspiratory  movement  of  Birds,  §  311)  to  the 
elasticity  of  all  the  parts  that  have  been  previously  compressed,  and 
probably  in  no  small  degree  to  the  resiliency  of  the  spii'al  fibre  of  the 
tracheae. — These  provisions  are  so  effectual,  that  the  amount  of  the 
aerating  changes  performed  by  an  Insect  in  a  state  of  activity,  is  not  less 
in  proportion  to  its  bulk,  than  that  effected  by  the  most  energetic  of  the 
Vertebrata  (§  322).  It  is  impossible  to  view  this  subject  philosophi- 
cally, without  being  struck  by  the  fact,  that  this  very  high  degree  of 
respiratory  power  is  given,  not  by  a  sudden  advance  to  a  more  compli- 
cated and  perfect  system  of  organs,  such  as  exists  in  the  Vertebrated 
classes  of  animals,  but  by  an  extension  of  the  comparatively  simple  plan 
of  which  we  observed  the  first  traces  in  the  Annelida ;  thus  affording  a 
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beautiful  example  of  tlie  great  law  of  regular  progression  in  the  deve- 
lopment of  organs,  Avhicli  has  few  apparent  and  perhaps  no  real  excep- 
tions. Nor  would  it  be  easy  for  any  reflecting  mind  to  contemplate  the 
manner  in  which  the  air  is  thus  brought  into  contact  with  the  blood  in 
the  minutest  textures  of  the  body,  without  a  feeling  of  admiration  at  the 
contrivance  shown  in  the  compensation  of  the  limited  circulation  of  the 
fluids  by  the  extensive  distribution  of  the  respiratoiy  apparatus;  and  at 
the  means  by  which  the  necessary  lightness,  elasticity,  buoyancy,  and 
muscular  energy  are  imparted  to  the  bodies  of  these  beautiful  and  inter- 
esting inhabitants  of  the  air. 

304.  In  the  Larva  condition  of  such  aerial  Insects  as  undergo  a  com- 
plete metamorphosis,  and  are  therefore  most  difierent  in  their  early  state 
ft-om  their  ultimate  character,  the  structui-e  of  the  respiratory  system 
closely  corresponds  with  the  type  it  had  attained  in  the  higher  Myria- 
poda.  We  find  it  entirely  consisting  of  ramifying  trachem,  connected 
with  the  external  air  by  the  spiracles  that  open  on  either  side  of  the 
ventral  surface  of  the  body;  and  freely  communicating  with  each  other, 
especially  by  the  two  longitudinal-  tubes  which  traverse  its  length,  and 
into  which  the  stigmata  open  by  short  straight  passages.  Just  as  the 
Lanrva  is  passing  into  the  Pupa  state,  the  larger  tracheae  exhibit  dilata- 
tions at  intervals,  which  are  subsequently  developed  into  expanded  sacs 
that  sometimes  attain  considerable  size.  The  efi'orts  which  the  animal 
makes  at  the  moment  of  transformation,  to  rupture  its  skin  by  the  dis- 
tension of  its  body,  appear  to  contribute  towards  the  expansion  of  these 
sacs,  the  formation  of  which  had  previously  commenced.*  One  remark- 
able portion  of  the  tracheal  system,  also,  the  incipient  evolution  of  which 
may  be  detected  in  the  Larva  state,  now  shows  an  increased  tendency  to 
prolongation; — that,  namely,  which  forms  the  wings.  It  has  been 
regarded  as  absurd  to  maintain  that  the  wings  of  Insects  are  essentially 
a  part  of  the  respiratory  apparatus ;  but  that  such  is  their  real  homology, 
is  shown  alike  by  their  perfect  structure,  and  by  the  history  of  their  deve- 
lopment. A  very  little  examination  into  the  structure  of  the  wings  makes 
it  clear,  that  it  is  essentially  the  same  as  that  of  the  expanded  branchice  of 
aquatic  larvse  ;  each  consisting  of  a  prolongation  of  the  superficial  cover- 
ing of  the  body  over  a  system  of  ramifying  '  nerves '  or  ribs,  whichi  are 
principally  composed  of  trachete  in  connection  with  those  of  the  interior 
of  the  fabric.  During  the  first  metamorphosis  of  the  Sphinx  ligustri,  as 
observed  by  Mr.  Newport,  the  wings,  which,  at  the  moment  of  slipping 
ofi"  the  larva-skin,  were  scarcely  as  large  as  hemp-seeds,  have  their  tracheae 
distended  with  air ;  and,  at  each  insj)iration  of  the  insect,  are  gradually 
prolonged  over  the  trunk,  by  the  propulsion  of  the  circulating  fluid  into 
them.  The  enlargement  of  the  tracheae  may  also  be  observed  in  the 
antennae,  which  just  before  the  change  were  coiled-up  within  the  sides  of 
the  head,  but  are  now  extended  along  the  sides  and  abdomen.  The  com- 
plete development  of  the  respiratory  apparatus  only  takes  place,  however, 
at  the  time  of  the  last  metamorphosis ;  when  the  wings  become  fully 
distended  with  air,  and  prepared  for  flight  by  the  active  respiratory 
movements  of  the  bodyj  and  the  expansion  of  the  pulmonary  sacs  then 
proceeds  to  a  greater  extent.    It  may  frequently  be  noticed  that,  for 


*  Newport  '  On  the  Respiration  in  Insects,'  in  "  Pliilos.  Ti-cons.,"  1836. 
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some  hotirs  or  even  davs  after  the  perfect  Insect  has  pmerged  from  the 
pupa  state,  it  makes  no  effort  to  -fly,  but  remains  in  almost  the  same 
torpid  condition  with  that  it  has  quitted ;  when  stimulated  to  move, 
however,  it  makes  a  few  deep  inspirations,  its  wings  rapidly  become  fully 
expanded,  and  it  soon  trusts  itself  in  the.  element  which  was  intended  for 
its  habitation. 

305.  The  various  provisions  which  are  made  for  the  respiration  ol 
such  Insects  as  inhabit  the  water,  are  of  a  nature  too  interesting  to  be 
passed-by.  In  those  aquatic  Larvae  which  breathe  air,  we  often  find  the 
last  segment  of  the  abdomen  prolonged  into  a  tube,  the  mouth  of  which 
remains  at  the  surface  while  the  body  is  immersed.  The  larva  of  the 
gnat  may  often  be  seen  breathing  in  this  manner,  which  calls  to  mind 
the  elephant's  elevation  of  his  trunk  when  he  is  crossing  rivers  that 
entirely  conceal  his  head  and  body.  Sometimes  this  air-tube,  which  is 
to  be  regarded  as  a  prolonged  spiracle,  is  several  inches  in  length,  and  its 
mouth  is  furnished  with  a  fringe  of  setce  (or  bristles),  which  entangle 
bubbles  of  air  sufficient  to  maintain  respu-ation  when  the  animal  descends 
entii-ely  to  the  bottom ;  and  the  large  tracheae  proceeding  from  this  tube 
convey  the  air  thi-ough  the  body  in  the  usual  way.  Most  aquatic  Larvae 
which  are  impossessed  of  such  an  air-tube,  have  theu-  spiracles  situated 
only  at  the  posterior  extremity  of  the  body,  and  may  be  seen  apparently 
hanging  from  the  surface,  whilst  taking-in  the  necessary  supply. — There 
are  some  Larvae,  however,  more  particularly  adapted  to  aquatic  respira- 
tion, by  the  development  of  the  tracheal  system  externally  into  plates  or 
tufts,  which  have  been  apj)ropriately  termed  aeriferous  hranchice;  their 
object  being  not  so  much  to  carry  the  circiilating  fluid  into  contact  with 
the  water,  as  to  absorb  from  that  element  the  air  it  contains,  which  is 
then  carried  into  the  internal  respiratory  apparatus.  Sometimes  the 
membrane  which  covers  the  branchiae,  and  which  is  a  prolongation  of  the 
external  sui-face,  is  continuous,  so  that  the  gills  have  a  foliaceous  appear- 
ance like  that  of  the  wings ;  but  in  other  cases,  it  is  divided,  so  that  the 
branchiae  more  resemble  the  filamentous  tufts  of  the  Nereis.  Their  posi- 
tion is  constantly  varying ;  sometimes  they  are  attached  to  the  thorax, 
sometimes  to  the  abdomen,  sometimes  even  situated  within  the  intestine; 
but  in  most  cases  they  have  an  important  relation  with  the  movements 
of  the  animal,  and  are  frequently  the  sole  organs  of  progression  with 
which  it  is  furnished.  Thus  the  sudden  darting  motion  of  the  larva  of 
the  LibelMa  (dragon-fly)  is  caused  by  the  violent  ejection,  from  the  intes- 
tine, of  the  water  which  has  been  taken-in  for  the  supply  of  the  respira- 
tory organs  it  contains ;  these  consisting  of  a  vast  number  of  villous 
prolongations  of  the  membrane  lining  the  rectum,  arranged  in  regular 
rows;  each  of  which,  instead  of  being  supplied  with  blood-vessels,  con- 
tains a  minutely-ramified  system  of  tracheae  communicating  with  the 
principal  trunks.  This  appears  to  be  the  sole  mode  in  which  these  larvas 
obtain  air ;  for  their  tracheal  system  has  no  external  orifice,  save  a  single 
pair  of  spiracles,  which  do  not  seem  to  give  iagress  or  egress  to  air, 
except  when  the  pupae  quit  the  water  to  undergo  their  last  metamor- 
phosis.*   It  is  interesting  to  observe  that  this  closed  condition  of  the 

*  See  the  interesting  Memoir  of  M.  Leon  Dii four,  '  Sur  les  Larves  des  Libellules  '  in 
"Ann.  des  Sci.  Nat.,"  3"  Ser.,  Zool.,  Tom.  XVII.  ' 
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tracheal  system  seems  to  be  a  character  common  to  other  Insect-lai'vae  in 
an  early  stage  of  their  development.* — All  perfect  Insects  (with  the 
exception  of  a  Nenropterous  insect,  Pteronm-cys,  described  by  Mr.  New- 
port as  retaining  its  larval  branchiae  in  the  Imago  state)  being  adapted 
for  tracheal  respiration  only,  many  ciuious  contrivances  may  be  witnessed 
among  such  as  inhabit  the  water,  for  carrying-down  a  sufficient  supply 
of  oxygen  to  aerate  their  blood  whilst  they  are  beneath  the  sm-face. 
Some,  for  example,  enclose  a  large  bubble  under  their  e^y/ira  (wing-cases), 
which,  not  being  closely  fitted  to  the  exterior  of  the  body,  leave  a  cavity 
into  which  the  spiracles  open ;  whilst  others  have  the  whole  inferior  sm-- 
face  of  the  body  covered  with  down,  which  entangles  minute  bubbles  of 
air,  in  such  large  quantity  as  to  render  the  insect  quite  buoyant,  and  to 
oblige  it  to  descend  by  creeping  along  the  stem  of  a  plant,  or  by  a  strong 
muscular  effort. 

306.  In  the  lower  tribes  of  the  Araclmida,  such  as  the  Accm-idce,  the 
respiratory  apparatus  is  usually  constructed  on  the  plan  which  prevails 
among  Insects,  being  composed  of  a  system  of  tracheae,  ramifying  through 
the  body,  and  opening  externally  by  stigmata :  this  apparatus,  however, 
would  seem  to  be  in  some  cases  veiy  imperfectly  developed  (§  54).  In 
the  higher  Arachnida,  however,  such  as  the  Spider,  Scor2non,  &c.,  the 
circulating  system  is  more  complete,  and  there  is  no  longer  occasion  for 
such  universal  aeration  of  the  solid  tissues,  that  of  the  nutrient  fluid 
beiag  sufficient.    Accordingly  the  respiratory  apparatus  exists  in  a  more 
concentrated  state,  which  approximates  neaily  to  that  which  has  been 
described  as  possessed  by  the  higher  Crustacea;  but,  being  adapted  for 
aerial  respiration  only,  it  must  be  regarded  as  belongmg  rather  to  the 
pulmonary  than  to  the  branchial  system.     The  spiracles  or  stigmata  m 
these  animals,  usually  foui'  on  each  side,  instead  of  opening  into  a  pro- 
longed set  of  ramifying  and  anastomosing  tubes,  enter  at  once  into  dis- 
tinct sacs,  disposed  along  the  sides  of  the  abdomen,  to  which  the  au-  has 
therefore  ready  access.    The  interior  of  these  cavities  is  not  smooth 
however,  like  that  of  the  pulmonary  sacs  of  Insects,  but  is  prolonged 
into  a  number  of  duplicatures  or  folds;  these  lie  close  to  each  other  hke 
the  laminJB  of  gills,  and  may  be  regarded  either  as  analogous  to  them,  or 
as  rudiments  of  the  partition  of  the  cavity  into  mmute  ceUs,  like  those 
of  the  lungs  of  higher  animals.    Each  of  these  laminae  is  described  by 
Mr  Newport  as  consisting  of  an  exceedingly  delicate  and  apparently 
structureless  double  membrane,  which  includes  within  it  a  parenchyma- 
tous tissue  formed  of  single  cells  aggregated  together,  their  arrangement 
having  a  degree  of  regularity  in  some  parts,  but  bemg  quite  m-egular  m 
othel    The  blood  is  brought  to  this  organ  by  a  vessel  which  runs  roimd 
its  convex  margin;  but  it  must  be  distributed  over  its  surface  by  a 
acunTcLulation  between  the  component  vesicles  of  the  parenchyma.t 
-!-SreTiS  ting  the  Invertebrated  classes,  whose  Respn-atory  appai-atus 
both  atmoVeric  and  brancliial,  has  now  been  described,  it  is  worthy^  of 
notethSiino  instance  do  their  respii^atory  organs  commumcate  with 
Sie  mouth  which  is  an  organ  solely  appropriated  to  f  e  i-eception  and 
subdTvi^ion  of  the  food.    It  may  also  be  remarked,  that  it  is  only  m  the 

*  Dr  T  Williams  in  "PhUos.  Transact.,"  1853,  p.  639. 
+  "  Pliiiosophical  Transactions,"  1843,  p.  296. 


ATMOSPHERIC  RESPIRATION  IN  FISHES. 


323 


liio-her  tribes  tliat  any  muscular  movements  are  performed,  with  express 
reference  to  the  maintenance  of  the  respiratory  process  by  the  renewal 
of  the  au-  or  water  which  is  required  for  it;  this  renewal,  in  the  lower 
tribes,  being  accomplished  by  ciliary  action,  or  by  the  general  locomotive 

actions  of  the  body. 

307.  We  now  pass  on  to  the  consideration  of  the  Pulmonary  apparatus 
of  Vertebrated  animals;  a  rudiment  of  which  is  found  in  most  members 
of  the  Osseous  division  of  the  class  of  Fishes,  notwithstanding  that  the 
aeration  of  their  blood  is  otherwise  provided-for.  This  rudiment  is  com- 
monly knoAvn  as  the  'air-bladder;'  which  in  many  Fishes,  as  in  the 
embryo  of  Mammalia,  is  a  simple  sac,  placed  along  the  middle  of  the 
back  (Fig.  126,  lo);  whilst  in  others,  its  cavity  is  divided  by  one  or 
more  membranous  partitions;  and  this  division  proceeds  to  such  an 
extent  in  some  instances,  as  to  give  to  the  organ  the  character  of  the 
lung  of  a  Reptile.  The  air-bladder,  in  a  large  proportion  of  the  Fishes 
which  possess  it,  is  closed  on  every  side,  its  cavity  having  no  connection 
with  any  other  organ;*  this  is  the  case,  for  example,  with  that  of  the 
Perch,  Cod,  Mackerel,  and  other  AcaTiihopterygii  of  Cuvier.  But  in  most 
of  the  Malacopterygii,  as  the  Herring,  Salmon,  Pike,  Carp,  Eel,  &c.,  the 
au--bladder  communicates  with  some  part  of  the  alimentary  canal  near 
the  stomach,  by  means  of  a  short  wide  canal  termed  the  ductus  jmeumor- 
ticus;  and  in  the  Gyprmidm  (Carp  tribe)  this  communication  is  formed 
with  the  oesophagus.  The  true  relations  of  this  organ  are  most  remark- 
ably shown  in  the  Lepidosteus  or  '  bony-pike'  of  the  IsTorth  American 
lakes.  This  curious  fish,  which  presents  many  Reptilian  affinities,  has 
the  air-bladder  divided  into  two  sacs  that  possess  a  cellular  structure ;  the 
trachea  which  proceeds  from  it  opens  high-up  in  the  throat,  and  is  sur- 
mounted with  a  glottis.  Another  fish  may  be  mentioned  as  presenting 
an  apparatus  adapted  for  atmosj)heric  respiration,  which  is  rather  a  peculiar 
development  of  a  portion  of  the  branchial  apparatus,  than  the  rudiment 
of  the  lung  of  air-breathing  Yertebrata;  this  is  the  Cuchia,  the  peculiarity 
of  whose  circulating  system  has  been  already  noticed  (§  241).  Here,  as 
in  the  Synbranchus,  there  is  but  a  single  brancliial  orifice,  which  is 
situated  under  the  throat ;  and  this  leads  by  a  passage  on  each  side  to  the 
gills,  of  which  there  are  only  two  rows,  and  these  but  slightly  developed. 
The  principal  organs  of  respkation  are  two  vascular  sacculi,  prolonged 
from  the  branchial  chamber,  and  placed  on  either  side  of  the  head ;  these 
communicate  with  the  cavity  of  the  mouth  by  two  orifices,  each  of  them 
provided  with  a  sort  of  constrictor  muscle  which  serves  to  contract  or 
entirely  close  it,  and  which  thus  resembles  a  glottis ;  and  into  these,  air 
is  received  for  the  oxygenation  of  the  blood  which  is  distributed  upon 
their  walls.  From  what  has  been  said  of  the  anatomical  structure  of  this 
curious  animal,  it  is  obvious  that  it  possesses  the  cii-culation  of  Reptiles, 
and  the  respiration  partly  of  that  class  and  partly  of  Fishes.  Its  blood 
will,  therefore,  be  less  oxygenated  than  in  the  regular  types  of  either 
class;  since  the  respiratory  organs  are  less  adapted  for  its  aeration  than 
are  those  of  Reptiles,  and  only  a  part  of  the  blood  is  sent  to  them,  instead 
of  the  whole  as  in  Fishes.    To  this  deficiency  we  may  attribute  the 

*  According  to  Von.  Baer,  the  air-bladder  is  developed  as  a  process  or  diverticulum 
from  the  upper  part  of  the  alimentary  canal ;  so  that,  when  it  forms  a  closed  sac,  the 
original  communication  must  have  been  obliterated.    See  Note  to  §  316. 
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obtiiseness  of  its  senses  and  sluggishness  of  its  movements,  which  form  a 
striking  contrast  to  the  vivacity  of  the  Eel.  It  is  generally  found  lurking 
in.  holes  and  crevices,  on  the  muddy  banks  of  marshes  or  slow-moving 
rivei-s.  The  power  wliich  the  animal  possesses  of  distending  the  respira- 
tory sacs  with  air  while  on  land,  and  the  necessity  it  is  vmder  of  rising 
to  the  surface  of  the  water  for  the  same  purpose,  prove  beyond  a  doubt 
that  they  perform  the  function  of  lungs ;  and  lead  us  to  the  conclusion, 
therefore,  that  the  Cuchia  is  '  amphibious'  in  the  strict  sense  of  the 
word — forming  a  connecting  link  between  the  Ophidian  ReptUes  and 
the  Synbranchus  among  Pishes.* — In  some  other  Fishes,  especially  such 
as  naturally  inhabit  small  collections  of  fresh  water,  whose  temperature 
is  liable  to  be  considerably  raised  during  the  heat  of  summer,  the 
mucous  lining  of  the  alimentary  canal  appears  to  serve  as  an  additional 
organ  of  respiration ;  for  such  fishes  are  frequently  seen  to  rise  to 
the  surface,  and  to  sioallow  air,  which  is  subsequently  discharged  by 
the  anus,  with  a  large  quantity  of  carbonic  acid  substituted  for  its 
oxygen.  This  is  the  case,  for  example,  with  the  Cobitis  (loach);  and 
it  would  seem  as  if,  under  these  circumstances,  some  such  supplemental 
means  is  reqviired  for  carrying-on  the  respiratory  process  with  unusual 
activity  (§  323). 

308.  It  does  not  seem  improbable  that  in  those  Fishes  which  possess 
a  short  and  wide  ductus  pneumaticus,  the  air-bladder  may  serve  as  an 
accessory  organ  of  respiration ;  atmospheric  air  being  taken-in,  and  car- 
bonic acid  ejected,  through  the  alimentary  canal,  in  the  manner  just 
described.  But  in  those  whose  air-bladder  is  a  closed  sac,  it  seems  evident 
that  it  cannot  in  any  way  conduce  to  the  aeration  of  the  blood;  and  this 
is  one  of  the  instances,  of  which  many  might  be  pointed-out  both  in  the 
Vegetable  and  Animal  kingdoms,  wherein  the  rudimentary  form  of  an 
organ,  that  attains  its  full  development  in  other  classes,  is  adapted  to 
discharge  some  office  quite  different  from  that  to  which  it  is  destined  in 
its  perfect  state.    The  gas  which  the  air-bladder  contains,  is  composed 
of  the  same  elements  as  atmospheric  air,  namely,  oxygen,  nitrogen,  and 
carbonic  acid ;  but  these  are  mixed  in  proportions  that  are  very  liable  to 
variation.  It  has  been  said  that  oxygen  is  deficient  in  the  contents  of  the 
air-bladder  of  fresh- water  fishes,  and  is  predominant  ia  that  of  fishes  which 
inhabit  considerable  depths  in  the  sea.    This  organ  is  altogether  absent 
in  fishes  which  are  accustomed  to  remain  at  the  bottom,  and  whose  move- 
ments are  slow,  such  as  the  Pleuronectidce,  or  '  flat-fish ;'  whilst  it  is  of 
large  size  in  those  remarkable  for  vehement  and  prolonged  movements, 
especially  in  Flying-fish  of  various  species.    It  is  generally  supposed  that 
the  possession  of  an  air-bladder  enables  the  fish  to  alter  its  siDecific 
gravity,  by  compressing  the  bag  or  permitting  its  distension;  but  expe- 
riment shows  that,  after  the  organ  has  been  removed,  a  fish  may  still 
retain  the  power  of  raising  or  lowering  itself  in  the  water. — In  many 
Fishes,  especially  such  as  have  either  no  ductus  pneumaticus,  or  a  naiTOw 
one,  the  blood-vessels  of  the  air-bladder  are  developed  into  vascular  tufts, 
which  are  sometimes  spread  over  its  interior,  but  are  more  commonly 
aggregated  into  one  mass,  which  is  spokeji-of  as  a  '  vascular  gland'  or 
'  vaso-ganglion;'  the  use  of  this  organ  is  altogether  unknown. 


*  Taylor,  in  "Brewster's  Journal,"  1831. 
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309  The  members  of  the  family  of  Perennibranchiata  (which  is  the 
only  true  aviphibious  group)  all  possess  lungs  more  or  less  developed; 
those  of  the  Froteus  being  very  similar  to  the  air-bags  of  Fishes,  whilst 
those  of  the  Lepidosiren  (Fig.  150)  and  of  the  Siren  exhibit  saccular 
depressions  upon  their  internal  sur- 
face, which  are  the  first  indications  Fto.  150. 
of  a  subdivision  of  the  cavity  into 
air-cells.  The  tube  by  which  they 
open  into  the  mouth  bears  a  greater 
resemblance  to  the  '  ductus  pneuma- 
ticus'  of  Fishes,  than  to  the  trachea 
of  higher  animals;  being  simply 
membranous  without  an  appearance 
of  rings,  while  the  glottis  in  which 
it  terminates  is  a  mere  slit  in  the 
throat.  Thus,  the  transition  from 
the  simple  closed  sac  of  Fishes,  to 
the  more  complex  subdivided  lung 
of  Frogs,  is  perceived  to  be  very 
gi-adual;  whilst,  at  the  same  time, 
the  point  of  connection  between  the  respiratory  cavity  and  the  alimentary 
tube  may  be  observed  to  ascend,  by  similar  gradations,  from  the  stomach 
or  some  neighbouring  part,  to  the  oesophagus,  and  at  last  to  the  pharynx. 
Although  all  the  animals  which  retain  their  gills,  at  the  same  time  that 
they  acquire  lungs,  are  more  or  less  adapted  both  to  atmospheric  and  to 
aquatic  respiration,  the  relative  share  taken  by  the  two  methods  varies 
with  the  comparative  development  of  their  organs.  Thus,  in  the  Siren,  the 
pulmonic  respiration  is  more  exten- 
sive and  important  than  the  branchial ; 
but  the  reverse  is  the  case  in  the 
Proteus.  Even  the  Siren,  however, 
dies,  if  its  branchial  respiration  be  pre- 
vented by  desiccation  of  the  gills.  In  the 
Amphiuma  and  Menopoma  (whose  early 
condition  is  not  known)  the  lungs  are 
more  developed;  and  the  animals  seem 
to  breathe  by  them  alone,  no  branchial 
filaments  being  present. 

310.  The  lungs  of  the  several  orders 
of  Reptiles  are  for  the  most  jDart 
formed  upon  one  type,  being  capacious 
sacs,  the  extent  of  whose  vascular 
surface  is  but  little  augmented  by 
sacculi  developed  in  their  walls :  in  the 
Crocodilia  and  Chelonia,  however,  there 
is  an  incipient  subdivision  of  the 
principal  cavity,  which  foreshadows, 
so  to  speak,  that  which  is  presented 
by  the  lungs  of  Birds  and  Mammals. 
The  lungs  of  the  Frog  (Fig,  151)  pre- 
sent a  good  illustration  of  the  inferior  type  of  pulmonated  structure  in 


Fig.  151. 


Kespiratory  organs  of  a  Frog,  as  seen  on 
their  anterior  surface  : — a,  hyoidean  appa- 
ratus ;  h,  cartilasinous  ring  at  the  root  of 
the  lunga;  c,  pulmonaiy  sacs,  covered  with 
vascular  ramifications. 
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the  class  of  Reptiles.  On  laying  them  open,  each  is  found  to  consist  of 
a  capacious  cavity,  in  which  the  bronchus  of  its  own  side  terminates,  and 
on  the  walls  of  which  the  jDvilmonaiy  vessels  are  distributed ;  these  walls 
at  the  lower  pai-t  are  thin  and  membranous,  but  at  the  ujiper  part  they 
are  strengthened  by  prolongations  of  the  cartilaginous  framewoi'k  of  the 
trachea,  which  forms  a  ring  (h)  at  the  root  of  the  lungs ;  and  these  pro- 
longations produce  by  theii"  inosculation  a  cartilaginous  network,  in  the 
intei'spaces  of  which  are  minute  sacculi,  whose  lining  membrane  is  crowded 
with  blood-vessels.  In  this  manner  a  set  of  'air-cells'  is  formed  in 
the  upper  wall  of  the  lung,  which  communicates  with  the  general  cavity, 
and  veiy  mxich  increases  the  extent  of  siuface  by  which  the  blood  comes 
into  relation  with  the  air  introduced  into  the  pulmonary  organs ;  but  each 
air-cell  has  its  own  capillary  network  on  its  walls,  and  consequently  the 

blood  is  only  exjiosed  to 
Fia.  152.  0  g^jj,       Qjj^g  gj^jg  q£  thsit 

network,  instead  of  on  both 
as  in  Mammals  (§  313). — 
In  Serpents,  we  usually  find 
the  pulmonary  appai'atus 
to  consist  of  a  single  long 
cylindrical  sac  (Fig.  152,  c), 
simply-membranous  at  its 
lower  part,  but  fm-nished  at 
its  upper  extremity  with 
a  cartilaginous  reticulation 
projecting  into  its  cavity, 
and  inclosing  in  its  inter- 
stices several  layers  of  '  air- 
cells'  with  minutely  vascu- 
lar walls,  which  communi- 
cate through  each  other 
with  the  general  cavity. 
^Kfi  The  lung  of  the  left  side  (c') 

is  generally  u.ndeveloped. 
From  the  great  capacity  of 
their  respiratory  sac,  the 
mobility  of  their  ribs,  and 
the  power  of  their  inter- 
costal muscles.  Serpents  are 
capable  of  rapidly  inspiring 
and  expiring  a  large  quan- 
tity of  air,  by  which  the 
want  of  an  extensive  sur- 
face is  compensated,  and 
energy  is  imparted  to  their 
muscular  exertions.  It  is 
the  prolonged  expulsion  of  the  air,  after  the  lung  has  been  fuUy  inflated, 
that  gives  rise  to  the  continued  hissing  sound  by  which  these  animals 
sometimes  alarm  their  prey.  In  the  aquatic  serpents,  tlie  ^arge  body  ot 
air  contained  in  the  body  serves  to  render  it  buoyant,  and  at  tJie_  same 
time  supplies  the  wants  of  the  animal  during  a  prolonged  immersiom— 
In  the  Sau7ia7i  Reptiles,  we  stHl  find  a  very  imperfect  subdivision  of  the 


Liings  of  the  two  sides,  in  A,  Bipes  lepidoptis ;  iu  b,  Bima- 
nm  canalictilatits ;  in  c,  Coluber  iiatrix ;— a,  trachea;  b,  bron- 
chial tubes ;  c,  right  lung ;  c',  left  lung ;  d,  pulmonary  artery. 
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Fig.  153. 


pulmonary  sacs ;  but  they  are  equally  developed  on  both  sides  of  the  body 
Sceptin/in  those  genera  which  approach  the  preceding  oi-der  m  the 
e«ion  of  theii-  bodies  and  the  imperfect  development  of  their  limbs 
(Hi  the  left  lung  of  these  animals  being  either  much  shorter  than  the 
tht  (F  g.  152,  A);or  being  almost  undeveloped  (b).  In  the  lower  forms 
ohhese  orgaui  there  is  scarcely  any  appearance  of  sacculi,  -^1  they  are 
usually  much  p^-olonged,  frequently  extending  through  the  whole  tiunk 
as  in  the  ChaAeleonras  well  as  in  many  other  Lizards;  and  their  fulness 
or  emptiness  of  air  gives  rise  to  the  plump  or  lean  appearance,  either  of 
which  these  animals  have  the  power  of  assuming  by  the  simple  processes  ot 
inspiration  or  expiration.  But  when  we  have  advanced  upwards  to  the 
Crocodile,  we  find  the  lungs,  though  externally  small,  subdivided  to  a 
gi-eat  degi-ee  of  minuteness  by  internal  partitions;  and  we  also  find  the 
luncrs  more  restricted  to  the  thoracic  region,  with  some  indications  even 
of  a  diaphragm,  wHch  is  entirely  wanting  in  all  the  inferior  genera. 
The  structure  of  the  lungs  in  Tiu'tles  and  other  Glielonia  is  very  similar 
to  that  exhibited  by  the  Crocodile  tribe ;  the  sacs  have  their  cavities  sub- 
divided by  incomplete  partitions  (Fig.  153)  ; 
but  they  are  still  very  capacious,  and  mate- 
rially assist,  by  the  quantity  of  air  they  con- 
tain, in  buoying-up  the  heavy  trunk  of  these 
animals  when  sailing  on  the  surface  of  the  water. 
— The  relative  inferiority  of  the  respiratory  ap- 
paratus of  Reptiles  is  further  shown  in  the  ab- 
sence of  those  means  for  effecting  a  continual  in- 
terchange in  the  gaseous  contents  of  the  lungs, 
which  we  find  in  Birds,  and  still  more  in 
Mammals.  In  Batrachia  and  Amphibia,  the 
lungs  can  only  be  filled  with  air  by  an  action 
that  resembles  swallowing;  and  in  Serpents 
and  Lizards,  although  the  movements  of  the 
ribs  can  in  some  degree  effect  such  a  compres- 
sion and  dilatation  of  the  pulmonary  cavity 
as  shall  occasion  the  egress  and  ingress  of  air, 
yet  this  is  a  slow  and  imperfect  process  com- 
pared with  the  rhythmical  and  efiicient  action 
of  the  diaphragm  in  Mammalia.  Taken  as  a 
whole,  this  class  is  remarkable  for  the  feeble-  section  of  the  Lung  of  the  KtrfZe. 
ness  of  its  respiratory  actions,  and  for  the 

length  of  time  during  which  the  process  can  be  susj)ended  without  injury. 
The  demand  for  aeration  is  very  much  regulated,  however,  by  the  tempe- 
rature to  which  the  individual  is  subjected  (§  323). 

311.  The  respiratory  apparatus  of  Birds,  notwithstanding  its  extra - 


*  Two  openings  are  found  near  the  cloaca  of  tlie  Crocodile,  leading  from  the  external 
surface  to  the  interior  cavity  of  tlie  abdomen,  wMcli  is  lined  by  the  ijeritoueum ;  and  it 
has  been  supposed  by  Geoff.  St.  Hdaire,  that  the  superior  energy  of  the  Crocodile  when 
immersed  in  water  is  due  to  the  penetration  of  that  fluid  into  the  abdominal  cavity,  and 
the  consequent  conversion  of  the  peritoneum  into  an  additional  respiratory  surface.  There 
is  no  sufficient  reason,  however,  to  believe  that  any  such  admission  of  water  ever  takes 
place,  the  canals  being  very  small,  and  their  orifices  contracted ;  and  it  seems  more  pro- 
bable that  they  are  to  be  regarded  simply  as  the  remnants  of  the  excretory  ducts  of  the 
Wolffian  bodies,  of  which  traces  are  also  to  be  found  in  the  '  vaginal  canals'  of  Rumi- 
nants and  some  other  Mammalia. 
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ordiuary  extension,  is  iutermeclitito,  in  its  grade  of  development,  between 
that  of  Reptiles  and  that  of  Mammalia;  i^resenting,  at  the  same  time, 
features  pecidiarly  its  own.    In  this  class,  as  in  Insects,  it  extends 

throiigh  a  great  pai-t  of  the 
body;  large  sacs  connected  with 
the  lungs  being  contained  in  the 
abdomen,  and  even  continued 
beyond  the  cavity  of  the  trunk, 
as  imder  the  skin  of  the  neck 
and  extremities,  where  they 
seem  to  take  the  place  of  the 
ordinary  '  bursas  mucosae.'  * 
These  sacs  freely  commmiicate 
with  the  pleural  and  jJeritoneal 
cavities,  of  which  they  may  in 
fact  be  regarded  as  extensions; 
and  the  pleural  cavity  commu- 
nicates with  the  bronchial  kibes 
by  large  open  orifices  that  may 
be  seen  upon  the  surface  of  the 
kings  (Fig.  153*,  d).  Even  the 
bones  are  made  subservient  to 
this  function ;  for  though  at  an 
early  period  they  possess  a 
spongy  texture,  like  those  of 
Reptiles,  and  are  filled  with  thin 
marrow,  they  subsequently  be- 
come hollow,  and  their  cavities 
communicate  with  the  lungs; 
in  the  aquatic  species,  however,  the  original  condition  is  retained 
through  life.  In  those  Birds  of  which  the  bones  are  thus  permeated 
by  air,  the  trachea  may  be  tied,  and  the  animal  will  yet  continue 
to  respu-e  by  an  opening  made  in  the  humerus  or  even  in  the  femm-. 
The  minute  structure  of  the  lungs  of  Birds  presents  features  of  gi-eat 


Pulmonary  apparatus  of  a  Pigeon,  as  seen  on  removing 
the  anterior  wall  of  the  thorax; — a,  trachea;  b,  bronchi; 
e,  lungs;  d,  apertures  of  communication  with  air-cells. 


*  Various  sui-mises  have  been  foimed  as  to  the  particular  uses  of  these  aii--sacs  in  the 
economy  of  the  Bii-d ;  and  it  does  not  seem  improbable,  that  besides  contributing  to  the 
function  of  Eespiration  by  the  extension  of  surface  they  aiFord,  they  have  some  subsidiaiy 
purposes.  One  of  the  most  evident  is  that  of  rendering  the  body  specifically  lighter,  as  in 
Insects ;  and  this  will  be  obviously  assisted  by  the  gi-eat  heat  of  the  system,  which  rarifies 
the  contained  air.  Again,  the  distension  of  the  aii--cells  assists  in  keeping  the  wings  out- 
stretched, as  is  shown  by  the  fact  that  inflation  of  those  situated  in  the  neighbourhood  of 
theii-  muscles  is  followed  by  their  expansion ;  this  must  be  a  most  important  economy  of 
muscular  action,  in  birds  which  hover  long  in  the  air.  Their  evident  analogy  to  the  pul- 
monary sacs  of  Insects  (§  302)  is  confirmed  by  their  relatively-larger  dimensions  in  Birds  of 
long-continued  and  rapid  motion,  than  in  the  slow-moving  tribes  which  are  almost  confined 
to  the  earth  or  waters.  It  has  been  remarked  in  addition,  that  "the  same  air  which  exerts 
its  renovating  influence  upon  the  blood,  supports  all  the  more  delicate  structures  which  it 
reaches  and  surrounds,  as  a  cushion  of  the  fiiost  perfect  softness  and  elasticity ;  so  tliat  by 
the  most  rapid  motion,  and  the  most  violent  twitches  which  the  body  receives  in  the  changes 
and  turnings  of  that  motion,  there  can  be  no  concussion  of  the  parts  more  immediately 
necessary  for  the  life  of  the  birds."  It  would  scarcely  seem  improbable  that  the  large  air- 
cells,  which  are  found  extending  beneath  the  integument  of  the  whole  surfoce,  especially  the 
under  side,  of  the  PeUcan  and  Gaimet,  serve  to  deaden  the  concussion  which  the  body  must 
experience,  when  the  bird,  after  raising  itself  to  considerable  height  m  the  air,  lets  itself 
suddenly  fall  upon  the  water  in  pursuit  of  its  finny  prey. 
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interest  The  entire  mass  of  each  may  be  considered  as  subdivided 
into  an  immense  number  of  'lobules,'  or  'kinglets,'  each  of  which  has  its 
own  l)ronchial  tube  (or  subdivision  of  the  windpipe),  and  its  own  system 
of  vessels,  which  have  but  little  communication  with  those  of  other 
lobules.  Every  lobide  has  a  central  cavity,  which  closely  resembles  that 
of  the  Frog  in  miniature,  its  walls  being  strengthened  by  a  network  of 
cartilage  derived  from  the  bronchial  tube,  in  the  interstices  of  which  are 
opening-s  leading  to  saccidi  in  their  substance.  But  these  sacculi  are  not, 
as  in  Reptiles,  boimded  by  a  distinct  membrane,  prolonged  from  that  of 
the  general  cavity;  for,  with  the  exception  of  the  part  nearest  the  latter, 
the  whole  tliickness  of  the  wall  may  be  considered  as  made-up  of  a  very 
close  plexus  of  blood-vessels,  between  the  meshes  of  which  the  air  pene- 
trates freely  without  any  limitation  j  and  thus  every  capillary  is  in 
immediate  relation  with  aii-  on  all  sides,*  a  provision  that  is  obviously 
veiy  favoiu-able  to  the  complete  and  rapid  aeration  of  the  blood  which  it 
contains. — The  lungs  of  Birds  do  not  lie  free  in  the  thoracic  cavity,  like 
those  of  Mammals,  but  are  bound-down  on  their  dorsal  aspect  to  its 
walls,  as  in  many  Reptiles ;  and  their  diaphragm  is  usually  incomplete 
(its  tendinous  expansion  losing  itself  on  the  bases  of  the  lungs),  so  that 
the  thoracic  cavity  is  but  imperfectly  separated  from  the  abdominal. 
The  diaphragm  is  more  complete,  however,  in  the  Struthionidce ;  and  in 
the  Afteryx  its  conformation  altogether  resembles  that  of  the  diaphragm 
of  Mammalia,  though,  as  the  air  still  passes  into  the  pleural  cavity,  the 
mechanism  of  resjjiration  must  be  less  complete  than  in  that  class.  From 
the  elasticity  of  the  bony  framework  by  which  the  thoracico-abdominal 
cavity  of  Birds  is  siuTounded,  the  state  of  fulness  is  natural  to  it,  and 
that  of  emptiness  is  forced.  The  lungs  and  air-cells  being  full  of  air, 
they  are  pai-tially  emptied  by  the  agency  of  muscles  which  draw  the 
sternum  nearer  to  the  spinal  column,  and  thus  diminish  the  capacity  of 
the  visceral  cavity;  but  when  these  muscles  are  no  longer  kept  in.  con- 
traction, the  sternum  sj)rings  outwards  again,  the  cavity  is  restored  to 
its  original  dimensions,  and  the  air  rushes-in  to  fill  the  lungs  and  air- 
cells.  The  distension  of  the  lungs  is  further  aided  by  the  contraction  of 
the  diaphragm,  which  draws  their  bases  downwards  in  the  act  of  inspi- 
ration. 

312.  Of  all  animals,  Birds  are  most  dependent  upon  a  constant  re- 
newal of  the  air  in  their  lungs,  and  ujjon  the  purity  of  that  with  which 
they  are  supplied.  Most  Birds  will  die  in  air  which  has  been  but  slightly 
charged  with  carbonic  acid,  and  which  can  be  respired  by  Mammals  with- 
out immediate  injury ;  whilst  a  greater  degree  of  impurity,  which  is  at 
once  fatal  to  Mammals,  can  be  sustained  for  a  long  period  by  Reptiles. — 
It  is  beautiful  to  observe  that  in  Bii-ds,  as  in  Insects,  the  great  extension 
of  the  respiratory  surface  is  given  by  a  simple  increase  in  the  capacity 
and  prolongation  of  the  sacs,  and  not  by  that  concentration  of  it  into  a 
small  bulk,  which  is  effected  by  the  minute  partitioning  of  their  cavity, 
and  which  indicates  the  highest  form  of  the  respiratory  organs.  Another 
analogy  presented  by  their  respiratory  system  to  that  of  Insects,  is  this  : 
In  Insects  the  whole  of  the  aeration  is  effected,  by  bringing  the  air  into 
contact  with  the  blood  actually  circulating  through  the  system;  whilst, 

.v.*  u^?  description  of  tlie  'Minute  Anatomy  of  the  Lung  of  the  Bird  '  in 

the    Medico-Chirnrgical  Transactions"  for  1849. 
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in  the  higher  air-breathing  animals,  possessed  of  a  more  centralised  appa- 
ratus (whether  consisting  of  lungs  or  gills),  the  blood  is  transmitted 
thi-ough  it  by  a  special  adaptation  of  the  vascular  system,  in  the  Latervals 
of  its  circulation  through  the  body.  In  Birds  we  find  a  curious  adapta/- 
tion  of  the  latter  more  elevated  type  to  the  Insect-liko  conditions  of  theu" 
existence;  for,  whilst  the  aii'  introduced  into  the  lungs  acts  upon  the 
blood  transmitted  by  the  pulmonary  vessels,  that  which  fills  the  air- 
cells  and  cavities  of  the  bones,  comes  into  relation  (as  in  Insects)  with  the 
capillaries  of  the  system  at  large. 

313.  The  respit-ation  oi  Mammalia  is  not,  like  that  of  Birds,  extended 
through  the  system,  but  is  restricted  to  the  lungs;  and  as  a  peifect 
diaplu-agm  is  now  developed,  which  completely  separates  the  thoracic 
from  the  abdominal  cavity,  these  organs  are  confined  to  the  fonner. 
Although  their  bulk  is  proportionally  so  much  smaller  than  that  of  the 
pulmonary  sacs  of  Reptiles,  the  actual  amount  of  surface  over  which  the 
blood  is  exposed  to  atmospheric  influence  is  beyond  comparison  larger, 
owing  to  the  very  minute  subdivision  of  their  cavity.  The  want  of  capacity, 
too,  is  compensated  by  the  active  movements  of  inspiration  and  expira- 
tion, which  constantly  and  most  elfectually  renew  their  contents.  The 
lungs  are  greatly  developed  in  all  the  more  powerful  Mammalia,  espe- 
cially in  the  Carnivorous  species ;  but  they  are  comparatively  smaller  in 
their  extent  of  surface,  in  the  feeble  and  inferiorly-organised  Herbivora ; 

and  the  red  corpuscles  are  much 
Fig.  154.  more  nirmerous  in  the  blood  of  the 

former,  than  in  that  of  the  latter. 
The  varieties  in  the  conformation 
of  the  lungs  presented  by  the  dif- 
ferent orders  of  Mammals,  relate 
chiefly  to  their  exterior  divisions, 
and  to  their  greater  or  less  capa- 
city ;  the  plan  of  structiu'e  being 
nearly  the  same  in  all.  The  whole 
interior  of  the  lungs  of  Man  and 
of  Mammals  generally,  is  divided 
into  minute  '  air-cells,'  which 
freely  communicate  with  each 
other,  and  with  the  ultimate  rami- 
fications of  the  bronchial  tubes. 
The  partitions  between  these  cavi- 
ties, the  diameter  of  which  in  Man 
varies  from  l-200th  to  l-70th  of  an  inch,  are  formed  by  double  folds  of 
basement-membrane,  between  which  is  a  capUlary  plexus  arranged  in  a 
single  layer  (Fig.  154)  ;  so  that  the  blood  in  these  capillaries  is  exposed 
to  the  air  contained  in  the  cells  on  both  sides  of  it,  but  is  not,  as  in 
Birds,  brought  into  relation  with  the  atmosphere  without  the  intervention 
of  a  basement-membrane.*  It  has  been  calculated  that  the  number  of 
these  air-cells  grouped  round  the  termination  of  each  bronchial  tube, 

*  It  is  stated  by  Mr.  Rainey  (loc.  cit.),  that  the  lung  of  the  Kangaroo  and  even  that  of 
some  Rodentia,  presents  a  concUtion  intermecUate  between  that  ol  Bu-ds  and  that  ot  tbe 
higher  MammaUa;  the  air-cells,  in  the  parts  most  remote  from  the  surface,  bemg  Aery 
small,  and  being  but  impeifectly  bounded  by  a  basement-membrane. 


Arrangement  of  the  Capillaries  of  the  air-cells 
of  the  Human  Lung. 
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—which  cluster  represents  a  '  lobiile'  of  the  lung  of  the  Bird,  and  the 
entire  luno-  of  a  Frog— is  not  less  than  18,000;  and  that  the  total 
number  in  the  Human  lungs  is  not  less  than  six  hundred  millions. 
Some  idea  may  be  formed  from  tliis  estimate,  of  the  vast  extent  of  sur- 
face which  is  thus  provided,  for  bringing  the  blood  into  relation  with 
the  ail-. 

314.  This  respiratory  surface  is  brought  into  the  most  advantageous 
use  possible,  by  the  arrangements  that  are  made  for  the  continual  renewal 
of  the  ail-  which  the  lungs  contain.  The  state  of  the  thoracic  cavity 
(which  is  always  separated  from  the  abdominal  by  the  interposition  of  a 
complete  cUaphi-agm)  that  seems  most  natural  to  Mammals,  is  that  of 
partial  fuhiess  ;  to  empty  it,  and  to  fill  it  completely,  alike  requii'e  a  consi- 
derable muscular  exertion ;  but  a  moderate  alteration  of  its  capacity,  such 
as  takes  place  in  ordinary  respiration,  is  accomplished  without  sensible 
efibrt.  Supposing  the  expiratory  movement  to  have  been  just  performed, 
the  cavity  of  the  chest,  reduced  to  its  smallest  dimensions  by  the  ascent 
of  the  diapln-agm,  the  descent  of  the  ribs,  and  the  falling-in  of  the  sternum, 
is  enlarged  in  each  direction  by  the  contraction  of  the  diaphragm,  which 
diminishes  the  convexity  of  its  arch,  and  by  the  elevation  of  the  ribs, 
brings  them  more  nearly  into  a  straight  line  with  their  cartilages, 
and  thus  pushes  forwards  the  sternum,  whilst  it  separates  the  middle 
points  of  the  opposite  ribs  from  each  other  laterally,  so  as  to  increase  the 
breadth  of  the  cavity.  A  vacuum  is  thus  created,  which  can  only  be  filled 
by  the  expansion  of  the  lungs ;  and  they  consequently  become  distended 
with  atmospheric  air,  which  rushes  down  the  trachea,  and  makes  its  way 
thi'ough  the  ramifications  of  the  bronchial  tubes  to  the  ultimate  air-cells. 
When  the  inspiratory  movement  has  been  completed,  the  diaphragm 
relaxes  and  is  pushed-up  by  the  abdominal  viscera,  under  the  pressure  of 
the  abdominal  muscles  which  are  now  called  into  contraction ;  whilst  the 
ribs,  no  longer  sustained  by  the  contraction  of  their  elevators,  are  drawn 
down  again,  partly  by  the  contraction  of  another  set  of  muscles,  and  partly 
by  the  elasticity  of  their  own  cartilages ;  so  that  the  thoracic  cavity  is 
reduced  in  all  its  dimensions,  and  a  portion  of  the  air  contained  in  the 
lungs  is  expelled  from  them — to  be  replaced  by  a  fresh  supply  drawn-in 
by  a  repetition  of  the  inspiratory  movement. 

315.  From  the  preceding  sketch  of  the  progressive  evolution  of  the 
Respiratory  system  in  the  animal  scale,  it  will  have  been  seen  that  the 
instrumental  character  of  the  respiratory  organs  is  everywhere  the  same, 
however  different  then-  external  form;  and  that  it  is  only  the  disposition 
of  their  parts  that  is  varied,  in  accordance  with  the  circumstances  in 
which  their  function  is  to  be  performed.  The  progressive  specialisation 
of  the  function  has  been  traced  in  ascending  the  series,  by  marking  the 
evolution  of  a  particular  apparatus  for  its  exercise,  and  the  restriction  of 
it  to  that  apparatus;  in  no  instance  has  any  sudden  change  in  character 
been  witnessed,  but,  in  the  classes  adjoining  those  in  which  a  new  organ 
was  to  be  introduced,  has  been  found  some  adumbration  of  it;  yet  even 
where  the  function  is  most  highly  specialised,  the  general  surface  is  found 
to  retain  in  some  degree  its  participation  in  it.  For  the  respiratory 
action  is  not  confined  to  the  lungs,  even  in  animals  which  possess  them  in 
their  most  developed  form.  The  blood  which  circulates  through  the 
capillaries  of  the  skin  is  aerated  by  communication  with  the  atmosphere 
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wlierever  tliere  is  no  impediment  offered  by  the  density  of  the  tegumen- 
tary  covering.  In  Batrachia,  especially  Frogs,  the  cutaneous  respiration 
is  of  such  importance  to  the  animal,  that,  if  impeded  by  covering  the 
skin  with  oil  or  other  unctuous  substance,  death  will  take  place  almost  as 
soon  as  if  the  lungs  were  removed ;  and  the  animal  may  be  supported  for 
a  considerable  time  by  it  alone,  if  the  temperatm-e  be  not  too  high  (§  277). 
In  such  circumstances,  it  is  found  that  carbonic  acid  is  generated  in  an 
atmosphere  of  hydrogen,  as  by  pulmonary  i-espiration.  In  like  manner, 
if  Bu'ds  or  Mammalia  be  enclosed  in  vessels  out  of  which  their  heads  pro- 
trude, carbonic  acid  will  be  found  to  replace  a  portion  of  the  oxygen ;  and 
a  like  result  has  been  obtained  by  the  similar  enclosure  of  a  limb  of  the 
Human  body. 

316.  We  shall  now  briefly  trace  the  evolution  of  the  Resj^iratory  appa- 
ratus in  the  embryo  of  the  higher  Yertebrata;   resei'ving,  as  before, 
the  accotmt  of  the  earliest  changes  in  the  ovum  to  a  future  period 
(chap.  XI.),  and  leaving  until  then  the  description  of  the  organs  which 
are  peculiar  to  the  foetal  condition,  and  which  serve  only  to  assist  in  the 
conversion  of  the  nutriment  that  is  supplied  from  the  parent-system, 
as  during  the  germination  of  seeds. — At  about  the  third  day  of  the 
development  of  the  Chick,  four  pairs  of  clefts  or  transverse  slits  are 
observable  behind  the  mouth,  in  the  situation  of  the  brancliial  apertures 
of  Fishes ;  and  at  the  same  time,  the  branchial  vessels  are  developed  from 
the  aorta,  as  already  described  (§  256).    One  of  the  apertures  is  inter- 
mediate between  each  pair  of  vascular  arches,  just  as  in  the  gills  of 
Fishes  and  Tadpoles.     No  branchial  tufts,  however,  are  developed; 
and  the  appearance  described  is  very  transitory,  the  vessels  changing 
their  direction  and  condition  within  two  days.     The  development  of 
perfect  gills  would  have  been  useless,  as  the  animal  is  not  destined  to.be 
for  a  time  an  inhabitant  of  water  like  the  tadpole,  but  has  the  aeration 
of  its  blood  provided-for,  \mtil  the  time  of  the  perfect  evolution  of  its 
respiratory  system,  by  an  apparatus  specially  evolved  for  the  pur^DOse. 
The  lung  is  developed,  like  the  air-bladder  of  Fishes,  as  a  diverticulum  or 
process  from  the  upper  part  of  the  alimentary  canal.    Soon  after  the 
middle  of  the  third  day,  two  minute  wart-like  projections  are  seen  upon 
the  tube,  which  are  found  to  be  hollow,  and  to  communicate  with  its 
cavity.*    These  gradually  increase  in  size;  and  the  channels  of  commu- 
nication become  elongated  into  tubes.    A  little  later,  the  tubes  partly 
coalesce  into  one,  and  enter  the  phaiynx  by  a  single  aperture.    This  is 
what  we  observe  in  the  Proteus,  and,  as  in  that  animal,  the  sacs  are  stdl 
simple  imdivided  bags;  after  a  little  time,  however,  they  send  out  pro- 
longations in  various  parts,  wHch  again  put  forth  others,  so  that  the 

*  The  account  in  the  text  is  given  on  the  authority  of  Von  Baer.    Many  subsequent 
ohseryers  however,  agree  in  stating,  that  the  bud-like  process  in  which  the  lungs  originate 
J nrhollow  but  solid ;  being  produced  by  a  inultiplication  of  cells  o  Y^*-!^^^^^^^^^^ 
the  aUmentary  canal,  into  wMch  its  external  tumc  is  not  prolonged.    According  to  this 
view  the  downward  extension  of  the  ceUular  mass  in  which  the  lungs  originate  is  the 
Tnlequence  of  the  progressive  multiplication  of  cells  in  that  dn-ection ; 
nf  the  trachea  and  bronchial  tubes  is  the  consequence  of  the  f  usion  of  the  cells  m  particular 
Hnlras  iffte  rvelopment  of  the  great  vessels.  Viewed  in  this  aspect,  the  absence  of  the 
'Stu  ;neumaSs''in  many  Fishes  is  a  result  rather  of  -^--^^^f^^^t^^^^^ 
quent  obliteration;  and  such  would  certainly  seem  to  be  by  far  the  most  piobable  account 

of  it. 
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ca^^ty  becomes  gradually  more  complex.  The  larynx  and  glottis  are 
not  perfectly  formed  until  a  late  period.— The  history  of  the  evolution  of 
these  organs  in  Mammalia  is  precisely  analogous.  It  is  usually  at  about 
the  sixth  of  the  entire  period  of  uterine  gestation,  that  the  outline  of 
the  branchial  apparatus  is  seen,  as  marked  by  the  shortness  and  thick- 
ness of  the  neck,  by  the  penetration  of  the  sides  of  the  pharynx  by  the 
branchial  clefts,  and  by  the  division  of  the  aorta  into  vessels  corresponding 
in  number  and  distribution  with  the  branchial  arteries  of  fishes.  These 
general  featiu-es  have  been  observed  in  the  embryoes  of  most  orders  of 
Mammalia,  not  excepting  Man  himself;  and  they  are  probably  common 
to  all.  A  few  days  after  the  appearance  of  the  fifth  arch,  which  is  the 
last  developed,  the  neck  begins  to  elongate,  the  apertures  are  closed 
gradually  on  the  outside,  while  the  vascular  arches  undergo  those  changes 
by  which  the  permanent  arterial  trunks  arising  from  the  heart  are  formed 
(§§  256 — 258).  The  lungs  in  Mammalia  are  developed  much  in  the  same 
manner  as  in  Birds.  They  are  not  discernible  before  the  period  when 
the  branchial  apertures  begin  to  close ;  a  single  mass  is  first  perceived, 
which  is  soon  divided  into  the  rudiments  of  a  right  and  left  lung  by  a 
longitudinal  groove ;  and  the  trachea  and  bronchi  are  subsequently  deve- 
loped, as  in  Birds. 

317.  Scarcely  a  more  beautiful  illustration  could  be  adduced,  of  that 
Unity  of  Design  which  is  manifested  in  the  creation  of  different  classes  of 
animals,  than  this  hidden  but  not  obscured  correspondence.  Nor  is  the 
analogy  confined  to  Animals  alone ;  for  it  is  impossible  to  compare  the 
stages  of  the  evolution  of  the  perfect  respiratory  apparatus  in  the  higher 
forms  of  the  two  kingdoms,  without  being  struck  with  their  essential 
correspondence.  In  the  Flowering-plant  we  have  seen  a  temporary 
respu'atory  organ,  the  cotyledon,  first  developed,  like  the  branchiae  of  a 
tadpole ;  and  disappearing  altogether,  when  the  evolution  of  the  perma- 
nent aerating  apparatus  renders  it  unnecessary.  And  just  as  the  system 
which  is  the  permanent  one  of  the  lower  tribes  of  animals,  is  transiently 
indicated  in  the  early  development  of  the  higher,  so  will  it  hereafter  be 
shown  (chap,  xi.)  that  the  foliaceous  expansions  of  the  inferior  stemless 
Cryptogamia  are  to  be  regarded  as  the  homologues  of  the  cotyledons  of 
Flowering-plants,  which  continue,  in  the  inferior  tribes,  to  perform  their 
functions  dining  the  whole  of  life,  like  the  gills  of  aquatic  animals.  That 
which  has  been  said  of  the  correspondence  of  the  essential  structure  of 
the  Eespiratory  apparatus,  through  all  its  varieties  of  external  form,  will 
apply  with  equal  truth  to  its  function  also ;  for,  in  whatever  tribe  of  Ani- 
mals the  changes  composing  it  have  been  investigated,  they  are  found  to 
be  of  a  very  uniform  character.  Thfe  object  of  these  changes  appears  to 
be,  in  all  instances,  the  liberation  of  carbonic  acid  from  the  blood,  the 
replacement  of  it  by  oxygen,  and  the  exchange  of  nitrogen  on  one  side  or 
the  other.  It  will  be  more  convenient  to  enquire  into  the  particular 
character  of  these  changes,  in  the  distinct  form  in  which  they  are  pre- 
sented to  us  in  the  higher  Animals,  before  proceeding  to  investigate  their 
more  obscure  manifestations  in  the  inferior  tribes.  '  These  changes  may 
be  examined,  either  in  the  circulating  blood,  or  in  the  air  to  which  it  has 
been  exposed. 

318.  The  most  obvious  difference  between  the  Blood  brought  to  the 
lungs  for  aeration  after  passing  through  the  capillaries  of  the  system,  and 
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that  which  has  undergone  the  process — or,  in  short,  between  '  venous'  and 
*  ai*teriar  blood — is  its  coloui-,  which  is  dai-k  purple  (sometimes  called 
black)  in  the  former,  and  bright  red  in  the  latter.    The  alteration  in 
colour  may  be  produced  by  agitating  venous  blood  with  oxygen,  or  even 
by  exposing  it  for  a  time  to  the  atmosphere ;  in  the  latter  case,  however, 
only  the  siu-face  acqiiii-es  the  ai-terial  tint.  The  bright  scarlet  colour  may 
also  be  given  by  the  admixture  of  neutral  salts ;  whilst  the  addition  of 
acids  renders  it  still  darker,  and  prevents  the  change.    It  has  been  sup- 
posed until  recently,  that  these  effects  are  due  to  a  chemical  change  pro- 
duced by  these  agents  in  the  hsematine  of  the  red  corpuscles.    But  such 
would  not  appear  to  be  the  case ;  for  when  the  hsematine  has  been  sepa- 
rated and  diffused  through  water,  it  is  neither  darkened  by  carbonic  acid, 
nor  brightened  by  oxygen,  unless  some  corpuscles  be  floating  in  the 
solution.    Moreover,  it  is  found  that  the  action  even  of  distilled  water 
will  darken  an  arterial  clot.    Taking  all  these  circiunstances  in  connec- 
tion with  the  facts  experimentally  ascertained,  in  regard  to  the  changes 
of  form  to  which  the  red  corpuscles  are  liable  from  the  influence  of 
reagents,  it  appears  probable  that  the  immediate  effect  of  oxygen,  like 
that  of  saline  solutions,  is  to  contract  the  corpuscles  and  thicken  their 
walls,  and  thus,  by  altering  their  mode  of  reflecting  light,  to  make  them 
appear  bright  red ;  whilst  carbonic  acid,  like  water,  may  be  seen  to  occa- 
sion a  dilatation  of  the  corpuscle,  and  a  thinning  of  its  walls  (which  are 
at  last  dissolved  by  it),  in  a  degree  that  may  be  well  supposed  to  produce 
the  darkening  of  the  mass  formed  by  the  aggregation.* — In  what  state 
of  combination  these  gases  exist  in  the  blood,  or  whether  they  are  present 
in  a  state  of  simple  solution,  has  not  yet  been  clearly  determined.  When 
venous  blood  is  placed  under  the  vacuum  of  an  air-pump,  a  small  quantity 
of  carbonic  acid  gas  is  given  out ;  but  a  larger  amount,  sometimes  one- 
sixth  of  the  whole  volume,  is  evolved  when  the  blood  is  agitated  with 
atmospheric  air,  hydrogen,  or  nitrogen.    Gas  may  be  extracted  also  from 
arterial  blood,  by  means  of  an  air-pump  capable  of  producing  a  veiy  com- 
plete vacuum ;  and  this  is  found  to  consist  of  a  larger  ]oroportion  of  oxygen. 
From  the  experiments  of  Magnus,  the  latest  and  most  satisfactory  on  the 
subject,  it  appears  that  the  Oxygen  in  arterial  blood  amounts  to  about 
one-half  of  the  quantity  of  Carbonic  acid  which  it  contains,  but  that  in 
venous  blood  it  is  only  about  one-fifth;  for  whilst  about  10  per  cent,  of 
oxyo-en,  and  20  per  cent,  of  carbonic  acid,  may  be  extracted  from  arterial 
blood  the  quantity  of  oxygen  removable  from  venous  blood  is  diminished 
to  5,  whilst  that  of  carbonic  acid  is  increased  to  25.  The  relative  quantity 
of  Nitrogen  is  extremely  variable.  ,  i 

319  The  changes  in  the  Air  which  has  been  respired,  are  capable  ot 
being  examined  with  greater  accuracy.  They  may  be  considered  under 
four  heads -—1.  The  disappearance  of  Oxygen,  which  is  absorbed.  Z.  ±Jie 
presence  of  Carbonic  acid,  which  has  been  exhaled.  3.  The  absorption 
of  Nitroc^en  4  The  exlmlation  of  Nitrogen.— It  was  formerly  supposed 
that  the  Oxygen  which  disappears,  is  the  precise  equivalent  of  the  Car- 
bonic acid  which  is  generated,  the  latter  gas  containing  its  own  biilk  of 
the  former.    But  it  is  now  known  that  the  amount  of  Oxygen  which  dis-  . 

*  For  a  full  discussion  of  this  subject,  see  Scherer;s  Reports  in  the  recent  volumes  of 
"Canstattfs  Jahresberichte,"  and  the  works  and  n.emoii-s  to  which  he  refers. 
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appecors,  is  usually  more  tliau  that  which  is  contained  in  the  Carbonic 
acid  expelled,  so  that  the  surplus  must  be  actually  absorbed  iuto  the 
system.  The  amount  of  this  surplus  varies  in  such  proportion,  that  it 
sometimes  exceeds  the  third  part  of  the  carbonic  acid  formed,  and  is 
sometimes  so  small  that  it  may  be  disregarded,— the  difference  depending, 
not  only  on  the  constitution  of  the  species,  but  on  the  comparative  degree 
of  development,  and  more  especially  on  the  natiu-e  of  the  diet.  This  last 
fact  has  been  established  by  the  very  careful  experiments  of  MM.  Regnault 
and  Reiset,*  who  have  shown  that  if  the  same  animals  be  fed  at  one  time 
upon  flesh,  and  at  another  upon  farinaceous  food,  the  quantity  of  oxygen 
which  is  absorbed  into  the  system  is  much  greater  in  the  former  case, 
than  in  the  latter.  Thus  it  would  seem  evident,  that  the  demand  for 
oxygen  in  the  system  is  partly  connected  with  the  metamorphoses  which 
the  alimentary  materials  undergo,  in  their  passage  through  the  body.  Of 
the  nature  of  these  metamorphoses,  our  information  is  still  very  imperfect. 
— There  is  now  quite  sufficient  evidence  to  prove  that  the  generation  of 
carbonic  acid  is  not  wholly  due,  as  was  formerly  supposed,  to  the  union  of 
carbonaceous  matter  brought  by  the  blood,  with  the  atmospheric  oxygen 
introduced  into  the  lungs ;  since  carbonic  acid  is  not  only  fo;md  to  exist 
in  venous  blood,  but  in  the  products  of  the  respiration  of  gases  entirely 
free  from  admixture  with  oxygen.  Such  an  experiment  can  only  be 
performed  on  animals,  which  can  sustain  for  a  time  the  absence  of  the 
stimulus  of  oxygen.  That  SnaUs  confined  in  hydrogen  will  generate 
carbonic  acid,  was  long  ago  shown  by  Spallanzani ;  but  the  later  experi- 
ments of  Edwards,  Miiller,  &c.  upon  Frogs  are  more  satisfactory,  both 
from  their  sujierior  accuracy,  and  from  their  freedom  from  the  objection 
which  might  be  raised  against  the  others,  on  the  ground  of  the  low  place 
of  their  subjects  in  the  animal  scale.  It  apjDears  that,  when  confined  in 
hydi'ogen,  frogs  will  give  out  carbonic  acid,  for  a  time  at  least,  as  rapidly 
as  in  atmospheric  air ;  and  that  the  quantity  generated  in  nitrogen  is  not 
much  inferior.  These  results  are  evidently  conformable  to  the  principles 
formerly  stated  (§  266)  as  regulating  the  mutual  difiusion  of  gases.  Owing 
to  its  energetic  reaction  with  carbonic  acid  (occasioned  by  its  great  dif- 
ference in  specific  gravity),  hydi'ogen  removes  it  from  the  blood  with 
greater  force  than  any  other  gas ;  so  that  venous  blood  will  give  oS  car- 
bonic acid  when  exposed  to  an  atmosphere  of  hydrogen,  even  after  it  has 
been  submitted  to  the  exhausting  power  of  a  vacuum.  It  is  obvious, 
however,  that,  for  the  continued  generation  of  carbonic  acid,  oxygen  must 

be  supplied  from  without,  as  there  is  no  superfluity  of  it  in  the  system.  

The  following,  therefore,  appears  to  be  the  history  of  the  changes  which 
the  blood  ordinarily  tmdergoes  in  its  passage  through  the  body.  In  the 
capillaries  of  the  lungs  it  becomes  charged  with  oxygen,  which  it  carries 
into  those  of  the  system;  in  the  course  of  the  actions  which  there  occur 
between  the  nutritious  fluid  and  the  textures  it  supports  and  stimulates, 
part  of  the  oxygen  disappears,  and  carbonic  acid  takes  its  place;  the 
venous  blood,  therefore,  returns  to  the  lungs,  holding  tliis  in  solution, 
together  with  the  unabsorbed  oxygen ;  and,  in  the  capillaries  of  the  lungs' 
the  former  gas  is  removed  by  the  atmosphere,  and  replaced  again  by 
oxygen,— the  interchange  being  entirely  in  accordance  with  the  physical 


*  "Annales  de  Chimie,"  1849. 
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principles  already  stated.*  From  receut  researches,  however,  it  would  seem 
that  this  is  not  the  whole  truth;  for  the  elimination  of  the  liver-sugar t 
(which  may  be  constantly  detected  in  the  blood  of  the  liepatic  vein,  of  the 
vena  cava,  and  of  tlie  pulmonary  ai-tery,)  during  the  passage  of  the  blood 
through  the  pulmonary  capillaries  (no  sugar  being  ordinarily  discoverable 
in  the  blood  of  the  pulmonary  vein  or  in  that  of  the  systemic  arteries), 
seems  to  show  that  a  combustive  process  must  take  place  to  a  certain 
extent  in  the  lungs  themselves,  as  was  long  ago  supposed. 

320.  With  regard  to  the  absorption  and  exhalation  of  Nitrogen,  it 
appears  probable  that  both  these  processes  are  constantly  going-on,  but 
that  then-  relative  activity  varies  in  different  species,  at  different  parts  of 
the  year,  and  under  different  circumstances.  It  appeared  from  the  experi- 
ments of  Dr.  Edwards,  that  an  increase  in  the  volume  of  nitrogen  in  the 
respired  air  takes  place  in  most  young  animals,  and  during  the  summer 
months ;  but  that,  in  the  autumn  and  winter,  there  is  a  considerable 
absorption  when  adult  animals  are  employed.    According  to  the  recent 
experiments  of  MM.  BegnavJt  and  Reiset  (op.  cit.),  the  exhalation  of 
nitrogen  is  more  common  than  its  absorption ;  since  warm-blooded  animals 
in  general,  when  subjected  to  their  ordinary  regimen,  increase  th.e  amount 
of  nitrogen  in  the  atmosphere,  in  the  proportion  of  from  1  to  2  per  cent, 
of  the  oxygen  consumed.    But  when  food  is  withheld,  or  animals  are  fed 
upon  a  diet  to  which  they  are  unaccustomed,  an  absorption  of  nitrogen 
takes  place ;  and  this  was  found  to  occur  to  a  considerable  extent  in 
hybernating  Mammals,  whose  production  of  carbonic  acid  does  not  go-on 
at  more  than  l-50th  of  the  ordinary  rate ;  so  that  their  absorption  of 
oxygen  and  nitrogen  even  exceeds  the  loss  of  carbon  and  that  sustained 
by  perspiration,  and  the  animal  actually  increases  in  weight,  withovit 
taking  food,  until  it  voids  its  excretions. 

321.  Animals  whose  respiration  is  aquatic  do  not  decompose  the  water 
they  breathe,  but  merely  abstract  the  oxygen  from  the  air  contained  in 
it;  for  if  one  of  this  class  be  placed  in  a  limited  quantity  of  water,  from 
which  it  speedily  exhausts  the  air,  or  in  water  from  which  the  aii-  has  been 
expelled  by  boiling,  it  dies  almost  as  soon  as  would  an  animal  whose 
respiration  is  aerial,  when  placed  in  a  vacuum.    If,  however,  the  sm-face 
of  the  water  be  in  contact  with  the  atmosphere,  it  will  absorb  au'  from  it ; 
and  the  life  of  the  animal  wUl  be  longer,  the  more  fully  the  quantity  thus 
obtained  compensates  for  that  wliich  is  consumed.    When  a  Fish,  m  a 
Hmited  quantity  of  aerated  water,  has  reduced  the  proportion  of  air  until 
its  respiration  has  become  difficult,  it  rises  to  the  surface,  and  takes-m 
air  from  the  atmosphere;  and,  if  prevented  from  doing  so,  it  dies  much 
*  This  view  of  the  function  of  Kespiration  was  given  in  a  paper  whicli  the  Author 
mblished  in  the  "West  of  England  Jonmal"  in  1835,  as  that  which  best  accorded  with 
?he  facts  tren  known.    It  has  been  fully  confirmed  by  subsequent  experiments,  especially 
Jhose  of  Magnus    and  it  is  the  one  now  generaUy  received.    Notwithstanding  that  the 
rirort  ons  between  the  oxygen  absorbed  and  the  carbonic  acid  exhaled  are  so  if  onstant 
K  tSv  cannT  be  reconcHed  with  the  numerical  ratio  of  1174  of  the  former  to  1000  of 
ihe  latter  wMch  would  constantly  prevail  if  the  force  of  '  mutual  diffusion'  were  the  only 
the  exchange,  yet  there  seems  to  the  Author  no  adequate  reason  for 

?\w  thfttt  process  iS^^  the  agency  of  that  force ;  the  minuter  vaina- 

tioS  bLt  deSrmYnerby  ^  Part,  not  improbably,  by  the  relative 

™ntTthe  Ss  e^stii^  in  the  blood,  and  the  tenacity  with  which  it  m^iy  hold  them. 

t"he  ilpoS^^^  Sv'ries  of  M.  CI.  Bernard  respecting  the  production  of  sugar  in  the 
liver  will  be  noticed  hereafter  (§  366). 
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sooner.  The  aii-  thus  taken-in  probably  acts  upon  the  b'ning  membrane 
of  the  intestines;  for,  after  being  expelled,  it  is  found  to  contain  a  large 
proportion  of  cai-bonic  acid.— The  respiration  of  some  of  the  mferior 
aquatic  tribes,  such  as  Crustacea,  Mollusca,  and  Annelida,  has  been 
examined  with  similar  results.  According  to  the  researches  of  Humboldt 
and  Gay  Lussac,  the  air  contained  in  water  is  richer  in  oxygen  than  that 
of  the  atmosphere;  the  proportion  being  32  per  cent,  in  the  former,  and 
but  21  in  the  latter. 

322.  The  respiration  of  Insects  has  been  made  the  subject  of  accurate 
research  by  Mr.  Newport;*  and  the  results  which  he  has  obtained,  corre- 
spond in  a  remarkable  manner  with  those  of  Dr.  Edwards's  experiments 
on  Yertebrated  animals  under  different  conditions.  In  those  tribes  which 
undergo  a  complete  metamorphosis,  the  proportion  of  air  consvimed  by 
the  larva  is  much  smaller  than  that  which  the  perfect  Insect  requires, 
when  their  relative  bulk  is  allowed-for,  and  their  condition  is  the  same  as 
to  rest  or  activity.t  Tliis  fact  is  evidently  analogous  to  one  ascertained  by 
Dr.  Edwards,  that  in  the  higher  animals,  a  greater  quantity  of  oxygen  is 
required  in  the  adult  state,  in  proportion  to  the  size  of  the  respiratory 
apparatiis,  than  in  the  infant  condition.  Again,  many  larvae  can  support 
a  degree  of  privation  of  oxygen,  wliich  would  be  fatal  to  the  perfect  Insect ; 
thus,  there  are  some  which  inhabit  the  bodies  of  other  insects,  or  are 
biu-ied  deeply  in  the  soil,  or  seek  then-  subsistence  in  noxious  and  un- 
aerated  places,  all  of  which  situations  woiild  be  soon  destructive  to  life  in 
their  advanced  condition.  This,  too,  finds  its  parallel  in  the  liistory  of 
the  Yertebrated  classes ;  for  Dr.  Edwards  found  that  puppies,  soon  after 
birth,  will  recover  after  submersion  in  water  for  54  minutes,  thus  bearing 
the  privation  of  oxygen  much  better  than  the  adiilt  animal.  The  amount 
of  respii-ation  in  the  perfect  Insect  depends  chiefly  upon  its  state  of  ac- 
tivity or  excitement.  When  its  movements  are  rapid  and  forcible,  the 
aeration  of  the  tissues  must  be  performed  to  a  greater  extent  than  when 
it  is  at  rest ;  and  the  difference  is  manifested,  as  well  by  the  respiratory 
motions,  as  by  the  amount  of  oxygen  consumed.  Thus  the  number  of 
respirations  in  an  Humble  Bee  {Bomhus  terrestris),  while  in  a  state  of 
excitement  soon  after  its  capture,  was  from  110  to  120  in  a  minute;  after 
the  lapse  of  an  hour  they  had  sunk  to  58,  and  siibsequently  to  46.  More- 
over a  specimen  of  the  same  insect,  confined  in  a  limited  quantity  of  air, 
produced  in  one  hour  after  its  capture,  whilst  still  in  a  state  of  great  ac- 
tivity, about  l-3rd  of  a  cubic  inch  of  carbonic  acid;  yet  during  the  whole 
twenty-four  hours  of  the  succeeding  day,  the  animal  evolved  a  quantity 
absolutely  less.  The  amount  of  respiration  in  the  Pupa  state  is  much 
less  than  in  any  other  condition  of  the  insect,  which  will  readily  be 
understood  when  its  complete  inactivity  is  remembered ;  the  state  of  the 
animal  at  that  time  being  comparable  (so  far  as  its  respiration  at  least  is 
concerned)  to  that  of  the  hybernation  of  warm-blooded  Yertebrata. 

323.  In  cold-blooded  animals  in  general,  the  activity  of  respiration  is 

*  "  Philosoptical  Transactions,"  1837. 
_  t  If  a  larva  of  tlie  common  Butterfly,  for  instance,  lias  arrived  at  its  full  size  at  the 
time  of  making  the  obsei-vation,  it  appears  to  respire  in  a  given  time  more  than  the  perfect 
insect;  but  the  result  is  liable  to  this  fallacy— that  the  former  is  at  least  two-thirds  larger 
than  the  latter,  and  is  almost  always  in  a  state  of  activity,  whilst  the  latter  is  frequently 
in  a  state  of  quiescence. 
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increased  with  elevation  of  the  temperature  of  the  surrounding  medium. 
This  has  been  shown  in  a  very  striking  degree,  with  regard  to  the  Am- 
phibia, by  the  rc-3earches  of  Dr.  Edwards ;  who  found  that  when  Frogs 
were  confined  in  a  very  limited  quantity  of  water,  and  were  not  permitted 
to  come  to  the  surface  to  breathe,  the  duration  of  their  lives  was  inversely 
proportional  to  the  degree  of  heat  of  the  fluid.    When  it  was  cooled-down 
to  the  freezing  point,  the  frogs  immersed  in  it  lived  from  367  to  498 
minutes;  at  the  temperature  of  50°,  the  duration  of  their  lives  was  from 
350  to  375  minutes;  at  72°,  from  90  to  35  minutes;  at  90°,  fi-om  32  to  12 
minutes;    and  at  108°,  death  was  almost  instantaneoiis.    The  pro- 
longation of  life  at  the  lower  temperatures  is  not  due  to  torpidity ;  for 
the  animals  perform  the  functions  of  voluntary  motion,  and  enjoy  the 
use  of  their  senses;  but  it  is  occasioned  by  the  retardation  of  their 
rate  of  vital  activity,  which  occasions  a  diminution  of  the  demand 
for  air,  and  a  consequent  postjionement  of  the  results  of  suspension 
of  the  supply.     On  the  other   hand,  the  elevation  of  temperature 
increases  the  demand  for  air,  by  augmenting  the  general  activity,  alike  of 
the  organic  and  of  the  animal  functions ;  and  thus  renders  the  cessation 
of  respiration  more  speedily  fatal.    The  natu.ral  habits  of  these  animals 
are  in  accordance  with  these  fa^ts ;  and  the  results  of  experiments  on 
Fishes  and  on  the  hybernating  Mammalia  (which  are  reduced  for  a  time 
to  the  state  of  cold-blooded  animals)  are  to  exactly  the  same  effect.    It  is 
curious  to  observe  that  the  degree  of  heat  which  obliges  frogs  to  increase 
their  respiration  by  quitting  the  water  entirely,  causes  fishes  to  take-in 
air  from  the  surface,  as  may  be  frequently  witnessed  diuing  the  summer, 
especially  in  small  collections  of  water  (§  307).    The  amount  of  carbonic 
acid  generated  by  Insects,  also,  increases  with  the  surrounding  tem- 
perature, other  things  being  equal. — The  activity  of  respiration  in  warm- 
blooded animals,  on  the  other  hand,  is  increased  by  a  depression  of  the 
external  temperature.    Thus  it  was  found  by  Letellier,  that  when  small 
Birds  and  Mammals  were  enclosed  in  limited  quantities  of  air,  the  quan- 
tity of  carbonic  acid  produced  in  a  given  time  was  in  close  accordance 
with  the  difference  between  the  temperature  of  the  air  and  that  of  their 
bodies.    The  following  were  the  amounts  generated  in  an  horn-  by  the 
respective  animals  named,  at  the  freezing-point,  at  a  temperature  near  to 
that  of  their  own  bodies,  and  at  an  intermediate  grade  : — 

Temp.  86°— 106°.  Temp.  59°— 68°.  Temp,  about  32°. 
6-rammes.               Ch-ammes.  Grammes. 
A  Canary  ....    0-129                0-250  0-325 
A  Turtle-dove     .    .    0-366                0-684  0-974 
Two  Mice  ....    0-268                0-498  0-531 
A  Guinea-pig  .    .    .    1-453                2-080  3-006 

Thus  it  would  appear  that  the  quantity  of  carbonic  acid  exhaled  by  Birds 
between  86°  and  106°  is  not  much  more  than  half  of  that  which  is  ex- 
haled between  59°  and  68° ;  and  is  only  about  tioo-fifths  of  that  which  is 
given-off"  at  32°.  In  Mammals,  the  quantity  exhaled  at  86° — 106°  is 
about  half  that  which  is  given-off  at  32°.— It  is  easy  to  understand  the 
meaning  of  this  difference  in  the  effect  of  external  temperature  upon  loarm 
and  coZJ-blooded  animals,  when  viewed  in  its  relations  to  their  economy. 
For  in  the  latter,  the  increase  of  respiration  consequent;  upon  the  elevation 
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of  temperature  is  simply  an  exponent  (so  to  speak)  of  the  general  vital 
activity  of  the  animal,  which  heat  tends  to  augment.  But  m  the  former, 
an  elevation  of  external  temperature  decreases,  whilst  a  depression  in- 
creases, the  demand  for  that  internal  combustive  process,  by  which  the 
standai-d  heat  of  the  body  is  maintained  (chap,  x.,  Sect.  3); 


CHAPTER  VII. 

OF  THE  EXHALATION  OF  AQUEOUS  VAPOUR. 

1.  General  Considerations. 

324.  As  all  the  alimentary  materials  taken  into  living  bodies,  for  the 
nutrition  of  their  solid  tissues,  are  in  a  fluid  form,  being  either  dissolved 
or  suspended  in  water,  it  is  evident  that  a  large  quantity  of  that  liquid 
must  be  superfluous,  and  that  means  must  be  provided  for  carrying  it  out 
of  the  system.  This  is  partly  accomplished,  in  Animals  more  especially, 
by  its  combination  with  various  other  ingredients, — which  have  either 
been  introduced  in  greater  quantity  than  the  processes  of  nutrition  re- 
quire, or  have  already  served  their  purpose  in  the  vital  economy, — into 
t\iQ  fluid  excretiom,  for  the  separation  and  deportation  of  which  various 
arrangements  are  provided  (chap,  ix.)  But  besides  the  means  thus 
afforded  for  the  diminution  of  the  superfluous  fluid  of  the  system,  we 
find  that  the  external  surface  has  this  function  peculiarly  imposed  upon 
it,  and  that  the  disengagement  of  nearly  pure  aqueous  vapour,  though 
really  the  effect  of  simple  evaporation,  is  principally  dependent  upon  a 
special  arrangement,  by  which  its  liberation  from  the  circulating  fluid  is 
facilitated.  This  is  most  evident  in  Plants,  where  the  quantity  of  fluid 
absorbed  bears  a  mtich  larger  proportion  to  the  amount  of  the  solid 
matter  contained  in  it,  than  it  does  in  Animals;  and  where,  from  the 
little  opportunity  which  there  is  for  the  introduction  of  superfluous 
nutriment,  and  the  slight  tendency  to  decomposition  in  the  solid  struc- 
tures, the  necessity  for  a  constant  excretion  of  other  ingredients  unfit  to 
be  retained  is  much  less. 

2.  Exhalation  in  Plants. 

325.  The  soft  and  succulent  tissues  of  Vegetables,  if  freely  exposed  to 
the  atmosphere,  would  soon  lose  so  much  of  their  fluid  as  to  be  incapable 
of  performing  their  functions;  and  in  all  plants,  therefore,  which  are 
subject  to  its  influence,  we  find  a  provision  for  restraining  such  injurious 
desiccation.  In  thQAlgce,  however,  and  other  tribes  constantly  immersed 
in  water,  or  in  a  very  moist  atmosphere,  no  such  loss  can  take  place  in 
their  natural  condition,  and  no  means  are  required  to  prevent  it.  The 
outer  layer  of  cells  composing  their  integument,  differs  but  little  from 
those  which  it  holds  together,  except  in  density ;  and  it  is  accordingly 
found  that  such  plants,  when  exposed  to  a  dry  air,  speedily  desiccate. 
All  but  the  simplest  Cellular  plants,  whose  natural  residence  is  the  air, 
on  the^  other  hand,  are  covered  with  a  membrane  of  peculiar  character, 
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■which  is  termed  the  cuticle*  (Pig.  155,  a,  b).  This  is  composed  of  cellular 
tissue,  the  vesicles  of  which  are  flattened,  and  ari-anged  witli  great  regu- 
lai-ity,  in  close  contact  with  each  other ;  and  they  differ  from  those  of 
the  parenchyma  beneath,  not  only  in  fonn,  but  also  in  the  nature  of  then- 
contents.  The  form  of  these  vesicles  is  different  in  almost  eveiy  tribe 
of  plants;  thus  in  the  cuticle  of  the  Iris  and  of  many  other  Monocoty- 
ledons, they  are  elongated,  and  possess  straight  walls  and  regular  angles; 

whilst  in  that   of  the 
Fig.  155.  A2:>ple   and   Lily  (Fig. 

15G)   their  boundaries 
have  a  sinuous  character. 
The  cells  of  the  cuticle 
are  filled  with  a  colour- 
less fluid ;  and  their  walls 
are  generally  thickened 
by  secondary  deposit,  es- 
pecially on  the  side  near- 
est the  atmosphere;  this 
deposit  is  usually  of  a 
waxy  nature,  and  conse- 
quently rendersthe  mem- 
brane very  impermeable 
to  liquids.   In  most  Eu- 
ropean plants,  the  cuticle 
contains   but   a  single 
row  of  cells,  which  are 
moreover    thin  -  sided  ; 
whilst  in  the  generality 
of  tropical  species,  there 
exist  two,  three,  or  even 
fom-  layers  of  thick-sided 
cells,  as  in  the  Oleander,  the  cuticle  of  which,  when  separated,  has  an 
almost  leathery  toughness.    This  difference  in  conformation  is  obviously 
adapted  to  their  respective  conditions  of  growth ;  since  the  cuticle  of  a 
plant  indigenous  to  temjoerate  climates  would  not  afford  a  sufiicient  pro- 
tection to  the  interior  structure,  against  the  rays  of  a  tropical  sun; 
whilst  the  diminished  heat  of  this  country  would  scarcely  overcome  the 
resistance  afforded  by  the  demse  and  non-condiicting  tegument  of  a  species 
formed  to  exist  in  warmer  latitudes. — Externally  to  this  membrane, 
there  usually  exists  a  very  delicate  transparent  pellicle,  without  any 
decided  traces  of  organisation,  though  occasionally  somewhat  granular  in 
appearance,  and  marked  by  lines  which  seem  to  be  the  impressions  of  the 
junction  of  the  cells  ^vith  which  it  was  in  contact.    This  membrane,  the 
proper  ejndermis,  is  obviously  formed  by  the  agency  of  the  cells  of  the 
cuticle ;  and  is  either  a  secretion  from  their  exterior  (as  maintained  by 

*  Notwithstanding  tlie  usage  of  many  distinguished  Botanists,  who  apply  the  designation 
epidermis  to  this  membrane,  the  Author  has  prefen-ed  retaining  the  term  '  cuticle,'  not  ouly 
as  being  tlie  one  in  common  use  in  tliis  country,  but  likewse  as  being  the  more  appropriate. 
For  by  the  term  ejnderniis  is  implied,  a  membrane  lying  ^t.pon  tlie  dermis  or  skm ;  and 
therefore  it  can  only  be  appropriately  employed  to  designate  the  external  pelhcle  pre- 
sently to  be  described. 


Vertical  Section  of  the  Leaf  of  Liliiim  album;  a,  cells  of  the 
upper  cuticle ;  h,  cells  of  the  under  cuticle ;  c,  d,  cells  of  the 
parenchyma;  ee,  stomata. 
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Schleiden,  Payeu,  and  othei-s),  analogous  to  tliat  wliicli  forms  a  thick 
gelatinous  layer  on  tlie  surface  of  the  Algae,  and  which  elsewhere  consti- 
tutes the  '  intercellular  sub- 
stance;' or  itself  consists  of  Fig.  156. 
tbe  external  layers  of  the 
thickened  walls  of  the  cuticu- 
lar  cells,  which  have  coalesced 
with  each  other,  and  which 
become   detached  from  the 
subjacent  layers  by  macera- 
tion (as  affirmed  by  Mohl  and 
Henfrey). 

326.  In  the  Cuticle  of  most 
Plants  which  possess  such  a 
structure  distinctly  formed, 
there  exist  minute  openings 
termed  Stomata  (Fig.  155,  e,  e) 
which  are  bordered  by  cellules 
of  a  peculiar  form,  distinct 

fi-nm  +bnc4P  nf  tbp  pntiVlp  nnrl  '^T^^ev  surface  of  the  leaf  o{  Lilium  album;  aa,  cells  of 

D  om  TinObe  OI  tne  OUXlCie,  ami      ^-^^  cuticle;  b  b,  stomata;  cc,  ceUs  of  the  parenchymain 

more  resembling  in  character     contact  with  the  cuticle, 
those  of  the  tissue  beneath. 

These  boundary-cells  are  usually  in  pairs,  somewhat  kidney-shaped 
(Fig.  156,  b,  b),  with  an  oval  opening  between  them;  but,  by  an  altei'ation 
in  their  form,  the  opening  may  be  contracted  or  completely  closed.  They 
are  sometimes  more  numerous,  however,  and  the  opening  angular ;  and  in 
the  cuiious  Marchantia  polymorpha,  their  structure  is  extremely  compli- 
cated.   The  ojienings  in  the  cuticle  of  this  plant  (Fig.  157,  A.,h,h)  are 

Pig.  157. 


A,  Portion  of  foHaceous  expansion  of  Marchantia  polyymorpha,  seen  from  above;  a  a,  lozenge- 
shaped  divisions ;  b  b,  stomata  situated  in  the  centre  of  the  lozenges ;  c  c,  greenish  bands  sepa- 
ratmg  the  lozenges ; — B,  vertical  section  of  the  foliaceous  expansion,  shondng  a  a,  parenchsnna- 
tous  cellular  tissue,  forming  the  floor  of  the  cavity;  bb,  suxJerficial  layer,  covering-in  the 
cavity;  c  c,  cellular  tissue  fonning  the  walls  of  the  cavity;  d,  aii'-cavity  partly  occupied  Ijy  loose 
cells//";  ff,  stoma  divided  perpendicularly;  h,  layers  of  cells  forming  its  wall;  i,  cells  forming 
the  obturator-ring. 

surrounded  by  five  or  six  rings,  placed  one  below  the  other,  so  as  to  form 
a  kind  of  funnel  or  chimney,  each  ring  being  composed  of  four  or  five 
cellules  (b,  Ji).  The  lowest  of  these  rings  {i)  appears  to  regulate  the 
aperture,  by  the  contraction  or  expansion  of  the  cells  wliich  compose  it. 
Wherever  stomata  exist  in  the  cuticle,  they  are  always  found  to  open 
into  cavities  in  the  tissue  beneath,  which  are  thus  brought  into  immediate 
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relation  with  tlie  external  au-.    lu  the  Marcliantia  these  chambers  are 
very  largo,  and  are  surrounded  by  regular  walls  (c,  c) ;  whilst  in  the 
leaves  of  higher  plants  they  exist  simply  as  intercellular  spaces,  left  by 
the  deficiency  of  the  tissue.    Stomata  do  not  exist  where  there  is  no 
regular  cuticle ;  and  they  are  consequently  not  found  upon  the  lower 
Cellular  plants,  and  but  very  rarely  on  Mosses,  in  which  group  they 
seem  to  be  restricted  to  the  capsules  or  '  urns,'  and  to  their  '  setae'  or 
footstalks,  on  which  parts  the  cuticle  is  more  distinct  from  the  subjacent 
tissue  than  it  is  elsewhere.    They  are  not  formed  upon  the  cuticle  of  any 
plants  growing  in  darkness,  nor  upon  the  roots,  nor  the  ribs  of  leaves ; 
bxit  they  exist  in  general  on  all  foliaceous  expansions,  and  on  herbaceous 
stems,  especially  on  those  of  which  the  surface  performs  the  functions 
of  leaves,  as  in  the  Cactece.    They  are  most  abundant  on  the  under  sur- 
face of  leaves,  except  when  these  float  on  water,  and  then  they  are  found 
on  the  upper  side  alone ;  but  they  exist  equally  on  both  svirfaces  of  erect 
leaves,  as  in  the  Lily  tribe  and  Grasses.    It  has  been  estimated  that  no 
fewer  than  160,000  are  contained  in  every  square  inch  of  the  under  sur- 
face of  the  leaves  of  Hydrangea,  and  of  many  other  plants;  and  the 
greatest  number  seems  to  present  itself  in  species,  the  up2}er  surface  of 
whose  leaves  is  absolutely  destitute  of  these  organs.     As  a  general  fact, 
they  are  least  abundant  on  succulent  plants  whose  moisture  is  to  be 
retained  in  the  system ;  and  they  are  frequently  so  imperfectly  formed, 
as  not  to  have  any  tendency  to  open,  especially  on  the  leaves  of  those 
adapted  to  exist  in  hot  and  dry  situations.    In  aU  instances  in  which 
perforations  exist,  the  tissue  beneath  is  very  loosely  arranged,  and  con- 
tains many  intercellxilar  spaces;  in  the  gi-eater  number  of  leaves,  there- 
fore, the  most  closely-packed  cells  will  be  found  on  the  upper  side 
(Fig.  155,  c),  whilst  the  parenchyma  of  the  lower  part  (d)  only  comes 
into  contact  with  the  cuticle  at  intervals  (Fig.  156,  c,c);  and  it  is  to 
this  arrangement,  that  the  darker  hue  generally  possessed  by  the  supe- 
rior surface,  is  principally  due.    If  a  leaf  be  placed  in  water,  and  the 
pressure  of  the  aii-  above  be  taken  off,  a  mimber  of  minute  globules  will 
be  seen  to  escape  from  these  cavities,  and  to  stud  its  exterior  with  bril- 
liant points. 

327.  The  loss  of  fluid  from  the  surface  of  Plants  may  take  place,  as  has 
been  said,  by  ordinary  Eva2Joration,  or  by  proper  Exhalation.  The 
quantity  of  the  former  will  be  regulated  by  the  degree  of  moisture  in  the 
tissue  exposed  to  the  atmosphere,  and  by  the  compactness  of  its  ai-range- 
ment.  Thus,  although  the  simpler  teiTestrial  cellular  plants,  such  as 
Lichens,  have  no  true  cuticle  distinct  from  the  subjacent  tissue,  their  ex- 
ternal layer  of  cells  is  generally  of  so  dense  a  consistence,  as  to  be  almost 
impervious  to  water;  so  that  their  moisture  is  very  slowly  evaporated. 
The  process  is  one  quite  independent  of  vitality,  and  is,  indeed,  the  means 
by  which  dead  plants  are  cbied  up,  and  by  which  the  gradual  loss  of 
wei<^ht  takes  place  from  fruits,  tubers,  &c.,  that  imdergo  no  other  altera- 
tion It  will  therefore,  be  influenced  by  those  obvious  external  causes, 
under  the  control  of  which  the  process  is  universally  performed;  namely, 
variations  in  temperature,  and  in  the  humidity  of  the  surroundmg  medium. 
-Exhalation,  on  the  other  hand,  is  a  change  which  only  continues  during 
the  life  of  the  plant,  and  appears  to  be  more  closely  connected  with  the 
performance  of  its  other  vital  functions.    If  a  piece  of  glass  be  held  neai 
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Tlie  water  in  wHch 
Nos.  3  and  4  were 
placed,  had  a  little 
earth  at  the  bottom. 


the  upper  surfoce  of  a  vine-leaf  in  full  growth  in  a  hot-liouse,  it  is  scarcely 
dimmed  after  some  time ;  but  if  in  proximity  with  the  lower  surface  of 
the  same  leaf,  it  is  speedily  bedewed  with  moisture,  which  ma  short  time 
accumulates  so  as  to  form  drops.  This  rapid  transpiration  of  fluid  ap- 
peal's to  take  place  thi-ough  the  stomata,  as  it  is  now  satisfactorily  proved 
that  it  bears  a  strict  relation  (other  things  being  equal)  with  tlie  nuniber 
of  stomata  on  the  plant,  or  on  the  particular  part  of  it  made  the  subject 
of  examination.  Various  experiments  have  been  made  at  different  times, 
with  the  view  of  ascertaining  the  quantity  of  water  thus  transpired  from 
different  plants,  and  the  circumstances  most  favourable  to  the  process. 
With  regard  to  quantity,  the  results  obtained  by  Dr.  Woodward*  are 
among  the  most  worthy  of  attention,  although  probably  the  earliest  on 
record.  Four  plants  of  Spearmint  were  placed  with  their  roots  in  water, 
and  in  a  situation  fully  accessible  to  light,  during  56  days  (from  June  2nd 
to  July  28th) ;  and  the  following  table  exhibits  the  quantity  of  water 
which  each  plant  absorbed  (proper  allowance  being  made  for  the  eva- 
poration from  the  sui-face  of  the  fluid),  and  its  increase  in  weight  at  the 
end  of  the  experiment.  The  difference  must  of  course  be  the  quantity 
exhaled,  and  would  scarcely  express  the  whole  amount  of  it,  as  part  of 
the  increase  in  weight  would  be  due  to  the  fixation  of  carbon  from  the 
atmosphere. 

Original  Weight.      Grain.  Water  expended.  Difference. 

No.  1.         127  grs.  128grs.      14,190grs.  14,062grs. 

No.  2.         llOgrs.  139grs.      13,140grs.  13,001grs. 

No.  3.          74  grs.  168  grs.      10,731  gi-s.  10,563  grs. 

No.  4.          92  grs.  284  grs.      14, 950  grs.  14,666  grs. 

Total    403  grs.        719  grs.      53,  Oil  grs.       52,292  grs. 

These  experiments  afford  satisfactory  evidence  of  the  very  large  proportion 
of  the  absorbed  fluid  which  is  given  out  again  by  transpiration ;  and, 
joined  with  others  by  the  same  individual,  they  show  that  the  activity  of 
this  function  is  much  greater  in  summer  than  in  the  autumn. — A  valu- 
able series  of  experiments,  communicated  by  Guettard  to  the  Academic 
E-oyale  ia  1740,  confirms  this  conclusion.  He  stated  that  transpiration 
is  so  much  less  active  during  the  winter,  than  at  other  parts  of  the  year, 
even  in  evergreens,  that  a  Laurel  parts  with  as  much  fluid  in  two  days 
of  summer,  as  during  two  months  in  winter.  He  also  maintained  that 
transpiration  goes  on  much  more  rapidly  under  the  influence  of  light  and 
a  moderate  degree  of  heat,  than  at  a  high  temperature  but  without  light. 
— The  experiments  related  by  Hales  in  his  essays  on  'Vegetable  Statics' 
will  ever  remain,  like  those  which  he  performed  on  the  Animal  Circula- 
tion, a  monument  of  his  skill  and  perseverance.  The  results  which  he  ob- 
tained from  the  accurate  observation  of  a  specimen  of  Helianthus  annuios 
(Sun-flower)  diu-ing  15  days,  are  those  most  frequently  quoted  by  suc- 
ceeding authors;  but  there  are  many  others  scarcely  less  interesting. 
This  plant  was  3^  feet  high,  weighed  31bs.,  and  the  surface  of  its  leaves 
was  estimated  at  5616  square  inches.  Tlie  mean  transpiration  during  the 
whole  period  was  found  to  be  20  oz.  per  day;  but  on  one  warm  diy  day 
it  was  as  much  as  30  oz.  During  a  dry  warm  night,  the  plant  lost  3  oz  • 
when  the  dew  was  sensible  though  slight,  it  neither  lost  nor  gained ;  and  by 

*  "Philosophical  Transactions,"  1699. 
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heavy  rain  oi-  clew  it  gained  2  or  3  oz. — The  following  table  shows  the  results 
of  similar  experiments  on  other  plants. 


Sulyect. 

Cabbage 

Vine 

Apple 

Lemon 

Plaatain 


SurlUco. 
2736  sq.  in. 
1S20  sq.  in. 
1589  sq.  iu. 
2557  sq.  in. 
2024  sq.  in. 


Mean  Tranapinition. 
19  OZ. 
5i  oz. 
9"oz. 
6  oz. 
5  oz. 


Groatcat  Transpiration. 
25  oz. 

6^  oz. 
15  oz. 

8  oz. 
114  oz- 


Deptli. 
1 
1 

Trr 
1 

TJT? 
1 

1 

rr? 


The  last  column  shows  the  mean  quantity  of  water  transpired  from  equal 
areas  in  the  different  plants  (its  depth  being  stated  in  parts  of  an  inch) 
for  the  sake  of  ready  comparison.  That  of  the  Sun-flower  would  be 
1-1 65th ;  and  is  shown,  therefore,  to  be  less  than  half  that  of  the  Cabbage. 
The  Lemon  may  be  remarked  to  have  exhaled  far  less  than  any  of  the 
others;  and  the  same  observation  seems  true  with  i-egai'd  to  evergreens  in 
general. — An  experiment  performed  by  Bishop  Watson  will  assist  in 
giving  an  idea  of  the  extraordinary  amount  of  change  efiected  by  this 
function  in  Plants.  He  placed  an  invei-ted  glass  vessel,  of  the  capacity 
of  20  cubic  inches,  on  grass  which  had  been  cut  during  a  veiy  intense 
heat  of  the  sun,  and  after  many  weeks  had  passed  without  rain ;  iu  two 
mintites  it  was  filled  with  vapour,  which  trickled  in  drops  down  its  sides. 
He  collected  these  drops  on  a  piece  of  musHn,  which  he  carefully  weighed ; 
and,  repeating  the  experiment  for  several  days  between  twelve  and  three 
o'clock,  he  estimated,  as  the  result  of  these  inquiries,  that  an  acre  of  grass 
land  transpires  in  24  hours  not  less  than  6400  quarts  of  water.  This  is 
probably,  however,  an  exaggerated  statement;  as  the  amount  transpired 
during  the  period  of  the  day  iu  which  the  experiment  was  tried,  is  far 
greater  than  at  any  other. 

328.  The  water  exhaled  is  very  nearly  pure,  so  that  what  is  furnished 
by  different  species  varies  but  little  in  taste  or  odour.  Duhamel  remarked, 
however,  that  fluid  thu.s  obtained  sooner  becomes  foul  than  ordinary  water. 
Senebier  analysed  the  liquid  which  he  had  collected  from  the  exhalation 
of  a  vine  at  the  commencement  of  the  summer,  and  found  that  40  oz. 
contained  scarcely  2  grains  of  solid  matter;  and  in  a  similar  experiment 
on  fluid  collected  at  the  end  of  the  summer,  105  oz.  gave  but  little  more 
than  2  grains,  or  about  1-25000  part  of  solid  matter.  This  minute  im- 
pregnation does  not  indicate  that  any  vital  process  of  secretion  is  concerned 
in  the  process ;  since  it  is  well  known  that  the  vapour  of  all  water  carries 
with  it  a  small  proportion  of  whatever  substance  the  liquid  may  have 
held  in  solution. 

329.  All  experiments  point  to  the  conclusion,  that  Light  has  a  most 
important  influence  on  the  function  of  Exhalation.  Thus  it  was  shown 
by  Senebier,  that  if  Plants  in  wliich  the  process  is  being  vigorously  per- 
formed, be  carried  into  a  darkened  room,  the  exlialation  is  immediately 
stopped;  and  that  the  absorption  by  the  roots  is  checked  almost  as  com- 
pletely, as  if  the  plant  had  been  stripped  of  its  leaves.  Again,  from  the 
experiments  of  Dr.  Daubeny,*  it  appears  that  exhalation  is  stmulated 
by  the  coloured  rays  of  the  solar  spectrum  in  proportion  to  their  tUumi- 
nating  not  to  their  heating i^ower,  these  two  being sepai-ated  by  the  prism; 
and  Dr.  D.  fiu-ther  states  that  exhalation  is  not  promoted  by  the  most 

*  "Philosopliical  Magazine,"  May,  1836. 
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intense  degree  of  artificial  liglit,  in  which  he  contradicts  the  opinion  ex- 
pressed by°Decaudolle.  Still,  it  is  cex-tain  that  heat  also,  especially  when 
coml)ined  with  dryness  of  the  atmosphere,  has  a  gi-eater  effect  upon  the 
loss  of  fluid  than  light  alone.  It  wotdd  not  seem  improbable,  then,  that 
the  effect  of  Light  is  confined  to  the  opening  of  the  stomata,  which  it  is 
believed  to  effect;  and  that  the  large  quantity  of  fluid  discharged  from_ 
them,  may  be  due  to  simple  evaporation  from  the  extensive  smface  of 
succulent  and  delicate  tissue  which  is  thus  brought  into  relation  with 
the  ail-,  and  to  the  constant  sujDply  of  fluid  from  within  by  which  it  is 
maintained  in  a  moist  condition. — If  Plants  are  exposed  to  a  light  of  too 
gi-eat  intensity,  especially  if  they  are  not  at  the  same  time  well  supplied 
with  water,  their  tissue  becomes  di-ied-up  by  the  increased  exhalation 
which  then  takes  jjlace,  and  which  is  not  sufiiciently  counterbalanced  by 
absorption,  so  that  their  vegetation  is  materially  checked; — a  fact  of 
which  we  see  abimdant  evidence  in  dry  sandy  soils  and  exposed  situations. 
If^  on  the  contrary,  the  leaves  are  shaded,  and  the  roots  take  up  much 
moisture,  the  growth  of  the  plant  is  active  and  luxuriant,  but  its  tissue 
is  soft; — an  effect  partly  owing  to  the  retention  of  flxiid,  and  partly  to 
the  diminution  of  the  quantity  of  carbon  fixed  from  the  atmosphere.  If 
a  plant  be  kept  for  some  time  in  total  darkness,  so  that  it  becomes 
etiolated,  its  texture  is  soft  and  succulent,  and  its  tissue  is  distended  with 
the  moisture  it  has  absorbed,  and  with  which  it  cannot  part ;  and  if  this 
state  be  allowed  to  continue  too  long,  the  leaves  disarticulate  and  drop 
off,  and  the  plant  dies  of  dropsy.  Succulent  plants  naturally  require 
most  light  to  secure  for  them  a  regular  discharge  of  moisture ;  and  there 
are  some  of  this  character  which  possess  so  few  stomata,  that  they  may 
be  23reserved  out  of  the  ground  for  many  days  and  even  weeks,  without 
l^erishing  from  want  of  moistui-e.  The  thickness  of  their  cuticle  and  their 
deficiency  of  stomata  render  it  very  difficult  to  dry  them,  even  with  the 
aid  of  heat ;  and  it  sometimes  happens  that  Sedums  and  other  such  j)lants 
push  considerable  shoots,  when  placed  under  pressure  whilst  being  pre- 
pared for  the  Herbarium. 

330.  The  quantity  of  fluid  lost  by  Exhalation,  though  ultimately  de- 
pendent upon  the  degree  of  moisture  supplied  to  the  roots,  does  not 
appear  to  be  increased  by  the  propellent  force  of  the  sap;  and  this, 
obsei-ves  the  sagacious  Hales,  "  holds  true  in  animals,  for  the  perspiration 
in  them  is  not  always  greatest  in  the  greatest  force  of  the  blood ;  but 
then  often  least  of  all,  as  in  fevers."  On  the  contrary,  it  is  chiefly  by 
the  activity  of  Exhalation,  that  the  amount  of  fluid  absorbed  is  deter- 
mined; just  as  the  rate  of  ascent  of  oil  in  the  wick  of  a  lamp  is  dependent 
on  the  rapidity  of  combustion  at  its  summit.  Plants  which  exhale 
largely,  therefore,  must  also  absorb  largely;  and  thus  they  are  enabled 
to  take-in  and  to  appropriate,  in  considerable  quantity,  whatever  nutrient 
materials  the  soil  may  contain.  Such  plants,  moreover,  have  usually  a 
great  extent  of  gi-een  surface,  by  which  they  can  obtain  a  large  additional 
supply  of  carbon  from  the  atmosphere;  and  thus  their  vegetative  func- 
tions are  performed  with  gTeat  activity,  and  they  rapidly  add  to  their 
g^■o^vlng  parts.  On  the  other  hand,  the  plants  which  exhale  slowly 
absorb  but  little  from  the  soil;  and  their  fixation  of  carbon  from  the 
atmosphcre  is  usually  performed  by  a  comparatively  small  surfiice.  and  at 
a  comparatively  slow  rate;  so  that  their  whole  vital  activity  is  very 
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inferior,  and  the  amount  of  solid  tissue  added  to  tTie  fabric  in  a  given 
time  is  far  less.  This  is  the  case  especially  witli  succulent  plants,  whose 
soft  and  pulpy  tissues  are  enclosed  in  a  cuticle  of  peculiar  density,  that 
prevents  the  evaporation  of  their  fluids;  and  whose  life  may  be  said  to 
be  remarkably  slow.  It  is  the  case,  also,  to  a  certain  degree,  with  most 
Evergreens ;  whose  exhalation  is  slow,  although  their  leaf-surface  may  be 
large,  so  that  they  fix  a  great  quantity  of  carbon  from  the  atmosphere ; 
and  it  seems  to  be  from  this  peculiarity,  that  their  leaves  possess  a  re- 
markable degi-ee  of  firmness  of  texture,  whilst  they  have  a  much  longer 
duration  of  life  than  those  of  deciduous  trees. — That  by  regulating  the 
rate  of  Exhalation,  through  the  iafluence  of  light  and  heat,  we  can  affect 
the  rate  of  vital  activity,  and  consequently  the  duration  of  life  (§  336), 
appears  from  the  well-known  fact,  that  the  freshness  of  a  bouquet  of 
flowers  may  be  preserved  for  many  days  longer  than  usual,  by  keeping 
them  in  the  dark. 

3.  Exhalation  in  Animals. 

331.  The  loss  of  fluid  which  is  constantly  taking  place  from  the  sur- 
face of  all  Animals  inhabiting  the  air,  or  at  least  from  some  pai't  of  it, 
appears  due,  like  the  exhalation  of  plants,  partly  to  its  physical,  and 
partly  to  its  vital  conditions.  There  can  be  no  doubt  that  from  all  soft 
moist  surfaces,  evaporation  will  take  jalace  in  a  warm  and  dry  atmosphere ; 
and  the  quantity  of  fluid  lost  in  this  manner  will  be  in  strict  relation 
with  the  temperature  of  the  surrounding  medium,  and  the  rapidity  with 
which  this  medium  passes  over  the  evaj)orating  siu'face.  The  process  will 
of  course  be  impeded  by  a  humid  state  of  the  atmosphere,  and  entirely 
checked  by  contact  of  water,  whether  warm  or  cold,  with  the  pai-t  which 
previously  permitted  it. — But  there  is  another  process  by  which  fluid  is 
exlialed  from  the  surface,  and  which  is  more  closely  connected  with  the 
vital  actions  of  the  economy;  this  is  the  transudation  from  the  blood,  of 
a  watery  fluid,  usually  containing  a  small  quantity  of  saline  and  animal 
matter  in  solution,  through  the  instrumentality  of  a  set  of  minute  glands 
imbedded  in  the  substance  of  the  cutis  or  true  skin.  Each  of  these  little 
bodies  consists  of  a  convoluted  tube,  in  the  neighbourhood  of  which  the 
blood-vessels  ramify  minutely;  this  tube  is  continued  to  the  surface  of  the 
skin  as  an  excretory  duct  (Fig.  158),  traversing  the  remaining  tliickness 
of  the  cutis  and  epidermis  in  a  spiral  manner,  and  opening  by  'a  very 
minute  pore  on  the  exterior  of  the  latter,  passing  through  it  so  obliquely 
that  a  kind  of  valve  is  formed  by  the  membrane  over  its  orifice.  When 
the  transudation  of  the  sweat  or '  sensible  perspiration'  is  observed  with  a 
glass,  as  it  occurs  on  the  palms  of  the  hands  or  the  tips  of  the  fingers,  the 
first  drop  from  each  pore  will  be  seen  to  be  preceded  by  an  elevation  of 
this  little  valve.  The  ducts  are  visible  in  the  form  of  delicate  fibres  passing 
from  the  cutis  to  the  ei:>idermis,  when  the  latter  is  torn  off.  ^ 

332.  The  special  object  of  the  disengagement  of  fluid  in  the  form  of 
vapour,  from  the  surface  of  the  bodies  of  Animals,  appears  to  be  the 
reduction  of  the  temperature.  Animals  which  inhabit  the  water  have 
no  need  of  any  special  provision  for  keeping-down  the  temperature  of 
their  bodies  within  a  certain  limit;  since  the  rapidly-con ductmg  power 
of  the  medium  is  sufiicient  to  reduce  any  superfluous  amount  of  caloric 
which  may  be  generated.    The  tenants  of  the  deep,  indeed,  have  very 
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Fig.  158. 


little  power  of  maintaining  a  temperature  above  it,  unless  they  are  pro- 
vided, like  the  Whale  tribe,  with  a  layer  of  non-conducting  fat,  or,  like 
diving  Birds,  with  a  downy  covering 
possessed  of  a  similar  property.  More- 
over, the  vicissitudes  of  temperature 
in  large  collections  of  water  are  never 
great,  so  that  there  is  no  demand  from 
this  source  for  a  means  of  regulating  the 
tempei'ature  of  the  individual  inhabitants. 
But  an  Animal  living  upon  the  surface  of 
the  earth,  exposed  to  constant  and  ex- 
tensive atmospheric  changes,  and  deprived 
of  the  power  of  rapidly  parting  with  its 
heat,  when  supei'fluous,  by  mere  contact 
"rtdth  a  conducting  medium,  has  need  of 
some  special  means,  not  only  of  generat- 
ing caloric,  but  also  of  getting  quit  of  it. 
The  foi'mer  will  be  hereafter  described  in 
detail  (chap,  x.);  the  latter  is  simply 
effected  by  the  watery  transudation  from 
the  surface,  which,  being  poured-out  of 
the  perspiratory  ducts  in  a  fluid  form, 
and  cariied-off  as  a  vapour  by  the  atmo- 
sphere, necessarily  renders  latent  a  large 
quantity  of  caloric,  and  thus  diminishes 
the  sensible  heat  of  the  exhaling  body. 

33-3.  There  is  no  evidence  that  either 
evaporation  or  transpiration  takes  place 
in  aquatic  animals  j  for  whilst  simple 
evaporation  from  their  sui-face  is  of  course 
prevented  by  the  contact  of  water,  the 
secretions  which  are  formed  in  their  in- 
tegument would  seem  to  be  purely  protec- 
tive. "When  exposed  to  the  air,  all  those 
which  are  formed  of  soft  tissue,  unpro- 
tected by  a  hard  envelope,  are  rapidly  de- 
siccated, and  usually  perish;  and  it  is 
evident  that  such  Animals,  when  ex- 
posed to  the  atmosphere,  are  in  the  same 
condition  v/ith  the  Algae  among  plants, 
which  lose  weight  very  rapidly,  owing  to 
the  softness  of  their  tissues  and  the  want 
of  a  cuticle.  Even  amongst  those  which 
are  provided  with  a  hard  envelope,  there 
is  always  a  peculiar  tendency  to  evapora- 
tion from  some  part  of  the  surface; 
thus,  a  very  rapid  evaporation  of  fluid 
takes  place  from  the  gills  of  the  Crus- 
tacea, which  would  speedily  offer  a  fatal  impediment  to  the  perform- 
ance of  then-  functions,  if  a  special  provision  were  not  made  for  preserv- 
ing their  membrane  in  a  humid  condition  (§  293).    From  the  experiments 


Sudoriferous  gland  from  the  pa]m  of 
the  Human  hand; — a,  a,  convoluted 
tubes,  composing  the  gland,  and  form- 
ing tiAvo  excretory  ducts,  6  b,  which 
unite  into  one  spu'al  canal,  that  per- 
forates the  epidermis  at  v,  and  opens 
on  its  surface  at  d ;  the  gland  is  em- 
bedded in  fat-vesicles,  wmch  are  seen 
at  e,  e. 
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of  Dr.  Edwards  on  Fishes,  it  appears  that  the  loss  of  fluid  by  evaporation 
from  the  general  surface  of  the  body  and  from  the  gills,  wlien  tlie  animal 
is  exposed  to  the  air,  is  so  great  as  to  be  one  of  the  chief  causes  of  its 
death.  Sometimes  the  impediment  to  respiration,  which  is  produced  by 
desiccation  of  the  gills,  is  the  immediate  cavise  of  death  (§  298);  but  where 
this  is  prevented,  and  the  action  of  these  organs  continues  during  Ufe,  the 
sm-face  parts  with  so  much  fluid  by  evaporation,  that  the  body  becomes 
stiff  and  dry,  and  previously  to  death  loses  from  l-14th  to  l-15th  part 
of  its  weight.  Further,  if  the  lower  part  only  of  the  body  be  immersed 
in  water,  no  absolute  diminution  in  the  weight  of  the  whole  takes  place, 
and  life  is  prolonged,  although  death  at  last  results,  seemingly  from  the 
unfavoxu'able  influence  of  dry  air  upon  the  branchial  apparatus;  but  if, 
on  the  other  hand,  the  head  and  gUls  be  immersed  and  the  trank  sus- 
pended in  air,  life  may  be  almost  indefinitely  prolonged,  although  the 
drying  of  the  smface  of  the  part  of  the  trunk  exposed  to  the  air  is  as 
marked,  as  in  the  case  where  these  animals  are  entirely  exposed  to 
the  atmosphere,  and  where  they  die  after  a  considerable  diminution  in 
weight. 

334.  It  is  among  terrestrial  Animals,  that  the  process  of  exlialation 
assumes  a  higher  rank  amongst  the  vital  functions ;  and,  even  in  the 
lowest  classes,  we  find  it  exercising  a  very  important  infliience  on  the 
condition  of  the  system.  Thus,  in  Insects,  it  has  been  ascertained  by 
Mr.  Newport,  that  the  transpiration  of  fluid  takes  place  to  a  considerable 
extent ;  and  this  not  only  in  the  species  which  have  a  soft  extei-nal  tegu- 
ment, but  among  those  which  have  the  body  encased  in  a  dense  horny 
envelope,  such  as  the  Beetle  tribe.  It  is  of  coiirse  difficult  to  ascertain 
what  pi'oportion  of  the  loss  o^  fluid  takes  jilace,  in  each  case,  from  the  ex- 
ternal surface,  and  from  the  prolongation  of  it  that  lines  the  air-passages, 
which  in  this  class  are  so  extensive  and  so  minutely  ramified ;  probably  it 
is  from  the  respii'atoiy  membrane,  as  in  the  Crustacea,  that  the  principal 
liberation  of  it  occurs.  These  observations  show  that  Insects  have  the 
power  of  reducing  their  temperature,  by  this  means,  when  it  has  been 
excessively  raised  by  a  continuance  of  rapid  movements,  or  when  the  heat 
of  the  surroimding  medium  is  too  great. — It  is  among  the  Batrachia, 
however,  that  the  exhalation  of  fluid  from  the  surface  is  carried- on  to  the 
most  remarkable  degree,  and  seems  to  answer  the  most  important  purpose 
in  the  economy;  and  it  is  here,  therefore,  that  its  conditions  may  be  most 
advantageously  studied.  Of  the  numerous  experiments  performed  by  Dr. 
Edwards  on  this  subject,  the  following  are  the  general  results.  He  found 
that,  when  a  Frog  was  placed  in  a  diy  calm  atmosphere,  the  loss  of  weight 
durino-  different  succeeding  hours  varied  considerably,  but  with  a  marked 
tendency  to  progressive  diminution :  that  is  to  say,  the  more  fluid  the 
animal  had  lost,  the  less  actively  did  exhalation  go  on.  The  actual  quan- 
tity lost  was  influenced  by  various  external  agents,  such  as  the  rest  or 
movement  of  the  air,  its  temperature,  and  degree  of  humicUty.  Thus, 
frocks  huncr  in  the  draft  of  an  open  window,  lost  double,  triple,  or  quad- 
ruple the  amount  exhaled  by  others  placed  at  a  closed  window  m  the 
same  room  The  influence  of  the  humidity  of  the  air  was  tested  by 
placinc.  animals  of  the  same  kind  in  a  glass  vessel  inverted  over  water; 
Ld  it  was  ascertained  that  exhalation,  if  not  then  entirely  prevented  was 
reduced  to  its  minimum.  •  On  the  other  hand,  when  the  dryness  of  the 
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■air  was  maintained  by  qnicklime  during  the  progress  of  the  experiment, 
the  diminution  of  weiglit  was  found  to  be  increased,  the  perspiration  being 
from  five  to  ten  times  greater  in  dry  air  than  in  extreme  humidity, 
according  to  the  duration  of  the  experiment.  The  influence  of  tempera- 
tm-e  is  slfown  principally  in  increasing  the  transudation,  or  Secretion  from 
tlie  skin  J  since  the  amount  of  fluid  lost  in  a  heated  atmosphere  differs 
but  little',  whether  the  medium  be  humid  or  dry,  and  increases  in  much 
more  rapid  proportion  than  mere  evaporation  would  do.  When  Frogs 
were  placed  in  an  atmosphere  saturated  with  humidity,  by  which  mere 
evaporation  would  be  almost  or  entii-ely  suppressed,  the  loss  by  transuda- 
tion between  32°  and  50°  was  very  slight,  as  also  between  50°  and  68°; 
but  between  68°  and  104°  it  was  so  great,  that  at  the  last-named  degree 
its  amoimt  was  55  times  that  at  32°.  The  secretion  is  not  even  altoge- 
ther suppressed  by  immersion  in  water.  V/hen  Frogs  are  exhausted 
by  excessive  transpiration,  and  are  placed  in  water,  they  speedily  repair 
the  loss  by  absorption  from  the  surrounding  fluid  (§  195);  and  the 
quantity  thus  gained  sometimes  amounts  to  one-third  of  their  entire 
weight. 

335.  From  his  experiments  on  warm-blooded  Animals,  Dr.  Edwards 
obtained  results  of  a  similar  kind ;  but  the  influence  of  changes  in  exter- 
nal conditions  was  not  quite  so  marked.  The  distinction  between  the 
simple  evapo7'ation  which  takes  place  in  accordance  with  physical  laws,  and 
the  transudation  which  is  the  result  of  a  secreting  process,  must  be  kept 
in  view,  in  order  to  account  for  their  effects  under  different  circumstances. 
It  might,  at  first  sight,  appear  to  correspond  with  that  between  insensible 
or  vajoorous,  and  sensible  or  liquid  transpiration ;  but  this  is  not  altogether 
ti-ue,  since  the  secretion  of  the  skin,  if  not  very  abundant,  may  pass  off  in 
the  same  form  with  the  vapour  which  arises  from  its  surface.  The  degree 
of  evajjoration  from  the  skin  of  warm-blooded  Yertebrata  is  modified,  as 
in  the  Batracliia  and  other  cold-blooded  animals,  simply  by  the  tempera- 
ture, degree  of  humidity,  movement,  or  pressure  of  the  surrounding 
medium.  Wholly  to  suppress  it,  the  air  must  not  only  be  of  extreme  humi- 
dity, but  must  also  have  a  temperature  not  inferior  to  that  of  the  animal ; 
since,  if  the  air  be  colder,  it  will  be  warmed  by  contact  with  the  body, 
and  thus  be  capable  of  holding  an  additional  quantity  of  aqueous  vapour 
in  solution.  Although  cold,  therefore,  diminishes  or  even  altogether 
suppresses  transudation,  evaporation  will  continue  to  a  certain  extent.  In 
Man,  as  in  the  Batrachia,  it  seems  probable  that  heat  alone  stimulates  the 
function  of  secretion  fi*om  the  skin;  so  that,  at  moderate  temperatures  and 
in  ordinary  states  of  the  atmosphere,  the  quantity  transuded  is  not  more 
than  one-sixth  of  that  which  is  evaporated :  whilst  at  an  elevated  tempera- 
ture, especially  if  the  air  be  already  humid,  the  amount  of  secretion  will 
much  surpass  that  lost  by  evaporation;  but  if  the  air  be  dry  and  sufii- 
ciently  agitated,  evaporation  may  increase  nearly  in  the  same  ratio. — Of 
the  quantity  of  fluid  which  may  be  set  free  by  exhalation  within  a  short 
time,  an  idea  may  be  formed  from  the  observations  of  Dr.  Southwood 
Smith  upon  labourers  at  the  Phoenix  Gas  Works.'^  These  men  are  em- 
])loyed  twice  a  day  in  emptying  and  charging  the  retorts  and  making  up 
the  fires,  for  about  an  hour  on  each  occasion ;  the  labour  is  performed  in 

*  "Philosophy  of  Health,"  Vol.  II.,  p.  322. 
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the  open  air,  but  is  attended  with  much  exposure  to  heat.  On  a  foggy 
and  calm  day  at  the  end  of  November,  when  the  temperature  of  the 
external  air  was  39°,  and  the  men  continued  at  their  work  for  an  hour 
and  a  quarter,  the  greatest  loss  observed  was  2  lb.  15  oz.,  and  the  average 
of  eight  men  was  21b.  loz.  On  a  bright  clear  day  in  the  middle  of  the 
same  month,  when  the  temperature  of  the  surrounding  air  was  60°,  with 
much  wind,  the  greatest  loss  was  41b.  3oz.,  the  average  being  31b.  6oz, 
.  And  on  a  very  bright  and  clear  day  in  June,  when  the  temperature  of  the 
external  aii-  was  60°,  without  much  wind,  the  greatest  loss  (occurring  in  a 
man  who  had  worked  in  a  very  hot  place)  was  51b.  2oz.,  and  the  average 
of  all  was  21b.  8oz. — From  the  experiments  of  Lavoisier  and  Seguin  it 
appears,  that  the  average  amount  of  aqueous  exhalation  passing  off  insen- 
sibly from  the  human  body  is  about  3ilbs.  daily;  the  maximum  being 
5  lbs.,  and  the  minimum  If  lb.  Of  this,  however,  a  considerable  propor- 
tion is  set  free  from  the  pulmonary  surface ;  the  pulmonary  being  to  the 
cutaneous  exhalation,  according  to  the  estimate  of  Seguin,  as  7  to  11. 
There  is  no  reason  to  believe  that  the  pulmonary  exhalation  is  liberated 
in  any  other  way  than  by  evaporation,  under  the  peculiarly  favourable 
circumstances  afforded  by  the  delicacy  and  permeability  of  the  respiratory 
membrane,  its  constant  supply  of  fluid  blood,  and  the  frequent  renewal 
of  the  air  in  contact  with  it.  It  is  obvious  that  changes  in  the  external 
conditions  will  have  much  less  influence  ujaon  its  amount,  than  upon  the 
quantity  evaporated  from  the  skin ;  since  the  temperature  of  the  air  in 
the  pulmonary  cells  must  be  nearly  uniform  under  all  circumstances  (in 
the  healthy  state  at  least),  and  its  movements  are  uninfluenced  by  the 
variations  of  the  atmosphere.  If,  however,  the  external  air  be  saturated 
with  moisture,  and  be  of  the  same  temperature  with  the  body  (so  as  to 
be  unable  to  acquire,  by  its  heat,  an  increased  capacity  for  vapoiu-),  it  is 
obvious  that  the  evaporation  from  the  lungs,  as  well  as  that  from  the  skin, 
will  be  entirely  checked.  This,  indeed,  appears  to  be  the  explanation  of 
the  peculiar  feeling  of  oppression,  which  is  consequent  upon  exposure  to 
an  atmosphere  that  is  not  only  hot  but  moist.  Under  such  circum- 
stances, the  temperature  of  the  body  is  no  longer  kept- down  to  its  proper 
standard  by  evaporation  from  its  siu-face;  and  at  the  same  time  the 
capillary  cii-culation  of  the  skin  and  lungs  is  probably  disturbed,  by  the 
obstruction  to  the  elimination  of  fluid  which  should  normally  take  place 
through  these  organs. 

336.  From  the  foregoing  facts  it  would  appear,  that  we  may  look  upon 
the  process  of  Exhalation  as  essentially  physical  in  its  character.  That 
portion  of  it  which  consists  in  simple  evaporation  from  the  cutaneous 
surface,  is  obviously  so ;  and  as  to  that  which  is  eliminated  by  the  agency 
of  the  sudoriparous  glandulse,  it  seems  probable  that  it  also  may  arise 
from  the  mere  exudation  of  the  watery  parts  of  the  blood  through  their 
thin-walled  capillaries.  We  shall  hereafter  see  that  the  escape  of  the 
superfluous  water  of  the  blood  through  the  Kidneys,  may  be  looked-upon 
LQ  precisely  the  same  light  (§  421) ;  and  as  we  know  that  any  medicinal 
ao'ent  which  specially  determines  the  blood  towards  those  organs,  wiU 
produce  an  augmentation  in  the  watery  portion  of  the  uriue,  so  does  it 
seem  probable  that  the  stimulus  of  external  Heat,  which  specially  deter- 
mines the  blood  to  the  Cutaneous  vessels,  would  occasion  an  increased 
pressure  from  within,  and  consequently  an  augmented  pa.ssage  of  fluid 
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through  the  walls  of  the  capillaries.  That  the  watery  portion  alone  should 
pass,  whilst  the  albuminous  and  saline  matters  are  kept-back,  can  be  easily 
comprehended,  from  the  facts  already  cited  (§  168)  in  regard  to  the  very 
low  tendency  to  '  diflfusion'  exhibited  by  albumen,  and  the  special  power 
of  retaining  it  which  is  possessed  by  animal  membranes. 


CHAPTER  YIII. 

OF  NUTRITION. 
1.    General  Considerations. 

337.  The  function  of  Nutrition  may  be  regarded  as  consisting  of  that 
series  of  changes  in  the  Alimentary  materials,  by  which  they  are  converted 
into  Organised  tissues,  and  thereby  acquire  Vital  properties.  The  new 
tissues  thus  generated  may  either  constitute  an  augmentation  of  the  pre- 
vious fabric,  as  is  the  case  with  Plants  even  to  the  end  of  their  lives, 
with  the  Zoophytic  and  other  forms  of  Animals  whose  increase  by  gem- 
mation is  indeterminate,  and  with  all  Animals  during  their  period  of  im- 
maturity; or  they  may  he  substituted  for  tissues  of  an  inferior  order, 
without  any  necessary  increase  of  bulk ;  or  they  may  simply  rejjlace,  by 
a  similar  production,  the  loss  by  disintegration,  which  the  fabric  at  large, 
or  any  particular  portion  of  it,  may  have  undergone  from  the  vai-ious 
causes  formerly  enumerated  (§§  112-114),  in  Animals  which,  having 
attained  their  fuU  dimensions  and  complete  organisation,  exhibit  no 
change  in  size,  form,  or  intimate  structure  during  long  periods  of  time. 
In  the  first  case,  the  N"utritive  operation  manifests  itself  in  Grorvth;  in 
the  second,  in  Development;  in  the  third,  in  Maintenance:  in  all  cases, 
however,  it  appears  to  be  essentially  the  same,  and  may  be  considered  as 
the  end  and  aim  of  all  the  other  Organic  functions,  in  so  far  as  they  are 
concerned  in  maintaining  the  life  of  the  indiAddual.  For  its  continuance 
is  dependent,  in  the  fiirst  place,  upon  the  Absorption  of  alimentary 
materials,  and  hence  (in  Animals),  upon  the  preliminary  process  of 
Digestion;  secondly,  it  requires  the  maintenance  of  the  Circulation  for 
the  transmission  of  the  absorbed  fluid,  from  the  points  where  it  is  taken- 
m,  to  those  at  which  it  is  to  be  applied;  thirdly,  it  cannot  long  be  carried- 
on  without  the  continuance  of  Respiration,  the  vital  properties  of  the  fluids 
being  only  mamtainable  by  free  communication  with  the  atmosphere  • 
iourthly,  it  requires  the  separation  of  whatever  is  superfluous  or  injurious 
in  the  nutritive  fluid,  and  thus  becomes  dependent  on  the  due  per- 
formance of  the  process  of  Exhalation  in  Plants,  and  on  that  of  Excretion 
in  Ammals.  ' 

338.  Eveiy  component  part  of  each  organism,  as  already  shown  pos- 
rfT.^^:r'T±^?.^S5,i*ir^  '\  --tributes  to  support  the  Eife 


of  the  ^trnor   "^  J  ^^"^P^^dent  upon  the  due  performance 

of  the  vital  actions  of  all  its  subordinate  paxts.    But  the  degi-ee  of  this 

thTtt'r   xr  ^"'t different  i-anks  of  Organised  beings  and 
thus  the  concUtions  under  which  the  Nutritive  function  is  performed 
present  a  very  remarkable  diversity,  which  influences  thJ  app^ent 
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character  of  tlie  resiilt,  notwithstanding  that  the  essential  nature  and 
tendency  of  the  operation  is  the  same  in  every  case.  Thus  in  the  lowest 
fonns  of  Organised  beings,  the  entire  fabric  is  made-up  of  repetitions  of 
the  same  simple  elements,  and  eveiy  part  can  perform  its  functions  inde- 
pendently of  the  rest.  Tn  such,  eveiy  act  of  nutrition  is  in  fact  an  act 
of  growth;  for  the  tissues  never  advance  beyond  the  simple  cellular 
character  which  is  common  to  every  part  of  these  homogeneous  bodies; 
and  it  consists  merely  in  the  multiplication  of  cells  by  the  act  of  sub- 
division (§  22),  each  cell  thus  produced  living  for  itself  alone,  and  going 
through  all  its  operations  without  influence  or  assistance  from  the  rest. 
Precisely  the  same  is  the  case  with  the  early  embryo  of  all  the  liigher 
forms  of  organisation;  for  this,  too,  is  composed  of  a  homogeneous  mass 
of  cells  (§  73),  increasing  in  number  by  subdivision,  and  having  no  de- 
pendence upon  one  another  for  the  conditions  of  their  vital  activity.  But 
as  we  ascend  in  the  series,  we  find  that  the  simple  cellular  tissues  give 
place  in  greater  or  less  degree  to  others,  which  are  evolved  out  of  them  by 
a  process  of  '  histological  transformation ;'  thus  from  the  simple  Cellular 
Plants,  we  ascend  to  those  in  which  woody  fibre  and  various  forms  of 
ducts  are  combined  with  cells ;  and  in  the  Animal  series,  we  meet,  very 
low  in  the  scale,  with  fibrous  and  membranous,  muscvilar  and  nervous, 
horny  and  calcified  tissues,  which  depart  more  or  less  from  the  original 
cellular  type.  Here,  then,  the  act  of  Nutrition  does  not  consist  in  growth 
alone,  but  involves  develojment,  not  merely  in  the  first  evolution  of  the 
organism  from  the  embryonic  state,  but  also  in  every  change  which  it 
subsequently  undergoes.  And  it  is  in  proportion  to  the  heterogeneous- 
ness  of  this  development,  as  already  shown,  that  the  several  parts  of  the 
organism  become  more  and  more  dissimilar  to  each  other  in  structure 
and  function,  and  consequently  more  dependent  upon  one  another  for  the 
conditions  of  their  vital  activity ;  so  that  at  last  the  integrity  of  the  whole 
structure,  and  the  complete  performance  of  its  entire  series  of  actions, 
comes  to  be  necessary  for  the  continual  maintenance  of  any  one.  But 
notwithstanding  that  the  life  of  the  individual  parts  seems  to  be  thus 
merged  (so  to  speak)  into  that  of  the  organism  formed  by  their  aggrega- 
tion, it  is  so  more  in  appearance  than  in  reality ;  for  although  a  bond  of 
mutual  dependence  is  created  by  the  '  division  of  labour '  which  has  been 
established  in  the  organism,  yet  the  integrity  of  each  individual  part  re- 
mains as  much  dependent  upon  the  due  discharge  of  its  own  vital  activity, 
as  it  is  in  those  simpler  forms  of  organic  existence,  in  which  every  cell 
lives  for  and  by  itself  alone.  ■      n  ■>  ■ 

339.  As  every  component  part  of  the  most  complex  Organised  fabric 
has  an  individual  life  of  its  own,  so  must  each  have  a  limited  duration  of 
its  own,  quite  irrespective  of  the  condition  of  the  fabric  at  large,  except  m 
so  far  as  this  may  tend  to  increase  or  diminish  its  functional  activity. 
"We  find,  however,  that  this  duration  varies  greatly  in  the  difierent  kmds 
of  organised  tissue;  and  they  may  be  classified  in  relation  to  this  attii- 
bute,  under  the  following  heads : —  .         •  ^  i 

I  Cells  may  be  generated,  which  have  a  very  transient  existence,  and 
which  die  and  disappear  again  without  undergoing  any  higher  develop- 
ment.—This  is  the  case,  for  example,  in  the  course  of  the  formation  of  the 
poUen-gi-ains,  and  at  a  certain  stage  of  that  of  the  ovule,  of  Flowenng- 
Plantst  in  which  the  production  of  temporary  cells,  that  afterwards  liquety 
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a™,  appears  to  take  place  as  a  preparation  for  the  formation  of  higher 
and  more  permanent  structures.  In  Animals  we  have  very  numerous 
examples  of  the  same  general  fact.  The  'germinal  vesicle  '  of  the  ovum 
seems  to  become  filled  with  cells  before  its  disappearance,  and  yet  no  trace 
of  these  cells  can  be  afterwards  detected ;  so  that  it  would  appear  as  if  they 
too  had  deliquesced,  leaving  their  component  particles  to  perform  some 
further  part  in  the  process  of  development.  The  various  classes  of  Assi- 
milating cells  of  which  an  account  will  be  given  in  the  present  chapter,  and 
the  greater  part  of  the  Secreting  cells  (§  401),  appear,  in  like  manner,  to 
have  a  wry  transient  existence,  in  the  warm-blooded  animal  at  least; 
their  allotted  functions  being  all  performed  within  a  few  days  or  even 
hours,  and  their  term  of  life  being  brought  to  a  close  as  soon  as  this  is 
the  case. 

II.  There  are  certain  component  parts  both  of  Vegetable  and  Animal 
organisms,  whose  duration  is  not  less  determinate,  although  it  is  more 
extended.  Tliis  is  the  case,  for  example,  with  the  reproductive  organs  of 
a  large  number  of  Plants  (as  the  flowers  of  Phanerogamia,  the  urns  of 
Mosses,  and  the  pileus  of  Agarics),  and  with  the  capsiiles  which  seem  to 
represent  them  in  the  Hydroid  Zoophytes ;  for  these  parts  are  developed 
only  to  serve  a  particular  purpose,  which  is  speedily  accomplished,  and 
they  then  die  and  are  cast  olf.  So,  again,  the  leaves  of  Plants,  and  the 
polypes  of  the  compound  Hydroida,  which  are  the  organs  most  actively 
concerned  in  preparing  nutritive  material  for  the  permanent  fabric,  have 
a  limited  though  longer  duration ;  and  in  the  higher  Animals,  we  find  a 
considerable  number  of  structures  which  Tindergo  a  periodical  exuviation, 
these  being  for  the  most  part  epithelial  or  epidermic  in  their  character. 
Thus,  in  a  considerable  proportion  of  the  Articulated  tribes,  the  external 
integument  is  thrown-ofi"  many  times  during  life,  and  is  replaced  by  a  new 
covering;  a  similar  repeated  moulting  of  the  whole  epidermis  at  once, 
takes  place  in  Frogs,  Serpents,  and  other  Reptiles ;  in  Birds,  the  feathers 
are  thus  periodically  cast-ofi"  and  renewed;  in  Mammalia,  generally,  the 
hair  is  regularly  shed  at  certain  parts  of  the  year,  whilst  in  Man  there  is 
a  continual  exuviation  of  the  outer  layers  of  the  epidermis,  and  in  the 
Deer  tribe  even  the  massive  antlers  are  cast-ofi"  and  renewed  every  year. 
Even  the  Teeth  are  limited  in  their  duration  among  Reptiles  and  Pishes, 
being  continually  cast-out,  to  be  renewed  again ;  and  a  similar  limit  exists 
in  the  case  of  the  deciduous  or  milk-teeth  of  Mammalia,  which  are  shed 
at  a  determinate  period  of  life. — Now  in  most  of  these  cases,  it  is  capable 
of  being  clearly  proved  that  the  exuviation  is  consequent  upon  the  death  of 
the  component  elements  of  the  part  thrown-off,  not  the  death  upon  the 
exuviation.  For  with  respect  to  the  leaves  of  Plants,  we  have  seen  (§  265) 
that  they  cease  to  perform  their  peculiar  vital  operations,  and  that  the 
changes  characteristic  of  decomposition  commence,  whilst  they  are  stUl 
connected  with  the  axis.  So  it  has  been  pointed-out  by  Mr.  Paget,*  that 
the  death  of  the  hair-bulb  precedes  the  falling-oflT  of  the  hair;  and  it  is  a 
familiar  observation  that  the  absorption  of  the  fang  of  the  deciduous  tooth, 
which  could  not  take  place  without  a  previous  degeneration,  very  com- 
monly occurs  before  it  is  pressed-upon  by  the  permanent  tooth  which  is 
nsing-iip  to  occupy  its  place.    So,  also,  it  may  be  shown  by  acetic  acid  or 

.    '  "Lect-arep  on  Surgical  Pathology,"  Vol.  I.,  pp.  8—11. 
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potash,  that  the  outer  layers  of  epidermis  are  in  a  state  of  degeneration, 
for  these  reagents  produce  very  little  effect  upon  them,  whilst  they  render 
the  younger  ceDs  of  the  interior  layers  transparent,  as  they  do  other 
tissues  in  a  state  of  active  growth.  The  ova,  too,  as  Mr.  Paget  remai'ks 
(Op.  cit.,  p.  14),  exhibit  a  remarkable  fixity  in  their  term  of  existence. 
"  These  attain  their  maturity  in  fixed  successive  periods  of  days ;  they 
are  separated  (as  some  of  the  materials  of  several  other  secretions  are) 
while  yet  living,  and  with  a  marvellous  capacity  of  development,  if 
only  they  be  impregnated  during  the  few  days  of  life  that  remain  to 
them  after  separation ;  but  if  these  days  pass,  and  impregnation  is  not 
effected,  they  die,  and  are  cast  out,  as  impotent  as  the  merest  epithe- 
lium-cell." 

III.  In  striking  contrast  with  the  limited  duration  of  such  parts,  is  the 
condition  of  those  tissues,  whose  function,  instead  of  being  transient,  is  to 
be  indefinitely  prolonged  j  but  such  prolongation  is  seen  only  when  the 
function,  instead  of  being  vital,  is  simply  physical, — as  in  the  case  of  parts 
that  afford  mechanical  support,  or  resist  tension,  or  supply  elasticity. 
Thus,  among  Plants,  mechanical  support  is  afforded  by  the  deposit  of 
hard  matter  in  the  interior  of  the  cells,  tubes,  &c.,  of  which  the  x^ai-t  may 
be  composed,  as  in  the  'heart-wood'  of  the  axis,  the  'stones'  of  fruit,  &c.; 
and  the  tissues  so  consolidated  are  cut-off  from  the  general  current  of 
vital  action.  Among  Animals,  again,  we  meet  with  the  same  method  of 
consolidation,  by  deposit  within  cells,  in  the  shells  of  Mollusca  and  in  the 
epidermic  tissues  of  Vertebrata ;  whilst  the  shells  of  Echinodermata  and 
the  bones  of  Vertebrata  appear  to  be  formed  rather  by  the  chemical  union 
of  calcareous  matter  with  a  fibrous  basis.  When  this  consolidation  has 
been  once  effected,  the  hard  tissues,  if  not  subjected  to  disintegi'atiag 
agencies  external  to  themselves,*  may  undergo  little  or  no  change  for  an 
almost  indefinite  period.  Thus,  the  heart- wood  of  trees,  the  bones  and 
shells  of  animals,  and  still  more  their  hair,  hoofs,  horns,  &c.,  may  remain 
unaltered  through  an  unlimited  series  of  years.  Of  some  of  these  parts 
it  can  scarcely  be  said  that  they  are  less  alive,  when  removed  from  the 
organism  to  which  they  belonged,  than  when  included  in  it.  In  the 
heart-wood  of  a  Plant,  for  example,  no  vital  change  takes  place,  from  the 
time  that  the  woody  tubes  and  fibres  have  been  consolidated  by  internal 
deposit ;  it  may  decay,  whilst  still  forming  pai-t  of  the  stem,  without  the 
nutritive  operations  of  the  fabric  being  thereby  interfered- with ;  and  if 
we  could  possibly  remove  it  entirely,  without  doing  injury  by  the  opera- 
tion to  the  rest  of  the  structure,  its  absence  would  be  productive  of  no 
other  evil  consequences,  than  such  as  would  restdt  from  the  withdrawal  of 
the  mechanical  support  afforded  by  it.  The  same  may  be  said  of  the 
stony  '  corals'  formed  in  the  soft  bodies  of  Zoophytes  and  Bryozoa,  and  of 
the  dermal  skeletons  of  Echinodermata  and  Mollusca;  which  remain 
unchano-ed,  except  by  addition,  fi-om  the  time  of  their  first  formation,  not 
only  diu-ing  the  whole  life  of  the  animal  to  which  they  belong,  but  for 
an  indefinite  period  after  its  termination.  It  is  probable  that  the  same 
would  hold  good,  also,  of  the  osseous  skeleton  of  Yertebrata,  if  it  were 
not  for  the  necessity  which  exists  for  continually  re-moulding  this  in 

*  Thus  the  shells  of  many  Mollusca  are  altered  in  form,  not  merely  by  the  addition,  but 
bv  the  removal  of  parts  ;  this,  however,  seems  to  be  effected  byjeome  sujKrJicial  rather 
than  by  interstitial  action,  like  that  by  which  many  MoUusca  bore  into  rocks. 
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accordance  with  tlie  growth  of  the  body,  and  for  providing  for  its  repara- 
tion when  it  has  been  injured  after  the  attainment  of  its  full  dimensions. — 
The  same  indisposition  to  spontaneous  change  shows  itself  in  the  simple 
Fibrous  tissues,  which,  after  their  first  formation,  seem  to  require  but 
little  maintenance,  their  chemical  composition  being  such  as  indisposes 
them  to  spontaneous  decay,  and  their  functions  in  the  economy  being 
purely  physical.  Hence,  when  these  tissues  are  generated  by  the  transfor- 
mation of  cells,  it  seems  as  if  these  cells,  in  becoming  converted  into  fibres, 
had  almost  entii-ely  parted  with  the  distinguishing  attributes  of  vitality, 
and  had  thus  passed  into  a  condition  in  which  no  necessary  limitation  is 
imposed  on  their  continued  existence.  And  when  developed  simply  by 
the  fibrillation  of  a  blastema,  or  by  the  coalescence  or  extension  of  nuclear 
particles,  it  seems  equally  true  that  the  vital  attributes  of  the  matter  in 
which  they  originate,  cease  with  the  conversion  of  that  matter  into  the 
form  of  an  organised  tissue. 

IV.  The  dui-ation  of  the  component  tissues  of  the  Nervo-Muscular 
apparatus,  seems  to  depend  mainly  upon  the  degree  in  which  their  vital 
energies  are  called  forth.  When  they  are  left  in  a  state  of  inaction,  they 
appear  to  partake,  with  other  soft  tissues,  in  the  general  attribute  of 
limited  dui'ation ;  for  we  find  that  they  undergo  a  gradual  degeneration, 
and  slowly  waste  away,  the  rate  at  which  they  do  so  being  principally 
determined  by  the  temperature.  But  when  they  are  called  into  func- 
tional activity,  it  would  seem  as  if  the  expenditui'e  of  their  vital  force 
put  an  immediate  termination  to  their  lives ;  so  that  their  elements  are 
at  once  resolved  into  inorganic  compounds,  by  the  oxygenating  power  of 
the  blood.  Hence  we  see  that  no  rule  can  be  laid  down,  as  to  the 
duration  of  the  muscular  and  nervous  tissues;  since  the  exertion  of  their 
vital  powers  for  no  more  than  a  few  minutes,  will  occasion  a  larger 
amount  of  disintegration,  than  would  otherwise  occu^r  during  many 
weeks  in  warm-blooded  animals,  or  during  as  many  months  or  even  years 
in  the  prolonged  torpidity  of  cold-blooded  animals  or  even  of  hybernating 
Mammalia. 

340.  It  may  be  stated,  then,  as  a  general  rule,  applicable  to  all  the 
foregoing  cases,  that  the  duration  of  an  organised  structure  is  very  closely 
related  to  the  activity  of  its  vital  manifestations  j  and  that  this,  again,  is 
related,  on  the  one  hand,  to  the  character  and  attributes  of  the  tissue,  and 
on  the  other,  to  the  conditions  in  which  it  is  placed.  Thus  there  are 
certain  tissues  (such  as  the  ISTervous  substance  of  Animals),  which  would 
seem  disposed  to  imdergo  very  rapid  change,  in  virtue  alike  of  their  che- 
mical composition  and  of  their  vital  endowments ;  whilst  there  are  others 
(such  as  the  Leaf-cells  of  Plants)  whose  component  elements  have  not  the 
same  inherent  tendency  to  separation,  and  the  discharge  of  whose  func- 
tions does  not  seem  to  involve  the  same  immediate  loss  of  vital  power. 
But  whilst  the  duration  of  the  leaf-cells  of  a  Plant  may  be  reduced  by 
unusual  intensity  of  heat  and  light  to  a  much  shorter  period  than  usual, 
the  duration  even  of  the  nervous  tissue  of  a  cold-blooded  Animal  in  a 
state  of  torpidity  would  seem  to  be  protracted  almost  indefinitely  by  cold 
and  mactivity;  and  it  has  been  ascertained  by  Mr.  Paget,  that,  "  if  the 
general  development  of  the  Tadpole  be  retarded  by  keeping  it  in  a 
cold  dark  place,  and  if  hereby  the  function  of  the  blood-corpuscles  be 
slowly  and  imperfectly  discharged,  they  will  maintain  their  embryonic 
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state  for  even  several  weeks  longer  than  usual,  the  development  of  the 
second  set  of  corpuscles  will  be  proportionally  postponed,  and  the  indivi- 
diial  life  of  the  first  will  be,  by  the  same  time,  prolonged."* 

341.  We  see,  then,  that  external  agencies  have  a  most  important 
influence  upon  the  length  of  the  life,  either  of  the  entire  organism,  or  of 
its  constituent  parts.  The  greater  the  intensity  of  vital  activity  which 
they  excite,  the  less  is  its  duration ;  for,  so  soon  as  the  series  of  vital 
operations,  which  each  cell  or  other  integral  element  is  adapted  to  per- 
form, has  come  to  a  close,  the  very  same  agencies  that  excited  and  main- 
tained them,  hasten  its  decomposition  and  decay.  Of  this  we  have  a 
characteristic  example  in  the  case  of  annual  Plants,  the  length  of  whose 
term  of  life  is  inversely  proportional  to  the  amount  of  light,  heat,  &c.,  by 
which  their  vital  activity  has  been  called  forth.  And  we  see  it  also  still 
more  remarkably  in  the  case  of  their  seeds,  which  may  retain  their  vital 
endowments  for  an  unlimited  period,  provided  the  vegetative  actions  are 
prevented  by  the  deficiency  of  warmth,  moisture,  and  oxygen ;  but  which, 
when  called  into  germination,  develope  themselves  into  structures  whose 
duration  is  extremely  transient. — It  does  not  seem  an  unfair  inference, 
then,  from  these  and  similar  facts,  that  the  Vital  force  takes  the  place,  in 
an  Organised  structure,  of  the  Chemical  affinity,  which  holds  together  the 
component  particles  of  Inorganic  bodies ;  and  if  this  Yital  force  be  nothing 
else  than  the  onodus  02Jerandi,  in  Organised  bodies,  of  the  very  same  forces 
which  are  termed  Physical  when  acting  through  Inorganic  matter,  the 
relation  between  the  two  agencies  seems  to  justify  such  a  conclusion. t 
For,  to  take  the  case  of  the  growing  plant,  so  long  as  it  is  acted-upon 
by  Heat  and  Light,  and  is  supplied  with  nutritive  materials,  it  continues 
to  act  upon  these,  and  to  extend  its  own  organism  by  the  appropriation  of 
them,  giving  origin  to  new  tissue,  and  thus  developing  an  additional 
amount  of  Yital  force ;  during  the  period  of  its  most  active  growth,  it 
shows  little  or  no  tendency  to  decay;  but  no  sooner  does  the  series  of 
vital  operations  which  it  is  fitted  to  perform,  approach  its  termination, 
than  the  signs  of  degeneration  show  themselves,  and  the  influence  of 
Physical  agencies  is  shown  in  promoting  Chemical  rather  than  Vital 
changes. 

342.  The  opei-ations  in  which  the  act  of  Nutrition  appears  essentially 
to  consist,  may  be  conveniently  divided  iato  two  principal  stages ;  the 
first  of  which.  Assimilation,  comprehends  that  gradual  preparation  for 
organisation,  which  the  crude  alimentary  materials  imdergo  whilst  they 
are  yet  in  a  fluid  state ;  the  second.  Formation,  on  the  other  hand,  con- 
sists in  the  application  of  the  assimilated  or  organisable  particles  to  the 
generation  of  new  tissues,  or  to  the  replacement  of  those  which  have  be- 
come efiete.  This  distinction  cannot  be  recognised  in  the  lower  foi-ms  of 
either  Yegetable  or  Animal  existence,  in  which  every  component  part 
executes  both  these  operations  alike,  assimilating  the  nutritive  matter,  and 
either  incorporating  it  with  its  own  substance,  or  applying  it  to  the  pro- 
duction of  new  parts  developed  by  its  own  vital  endowments.  It  is  in 
the  higher  Plants  and  Animals  that  we  find  distinct  evidence,  that  the  act 
of  Assimilation  may  be  performed  by  parts  of  the  organism,  which  do  not 

*  "Lectures  on  Surgical Patliology,"  Vol.  I.,  p.  13. 
t  See  "Principles  of  General  Pliysiology." 
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themselves  apply  the  organisable  material  to  the  formationof  tissue;  and 
that  the  act  of  Formatiou  may  take  place  in  parts,  which  have  had  no 
participation  in  the  previous  preparative  changes.  Such  a  modification 
is  quite  in  accordance  with  the  general  rule  of  '  division  of  labour,  which 
has' been  so  frequently  alluded-to  as  a  characteristic  of  the  higher  orga- 
nisms.—Both  these  operations  are  pui-ely  vital.  They  have  nothing  m 
common  with  physical  or  chemical  changes;  and  cannot  be  produced  (so 
far  as  our  present  knowledge  extends)  except  through  the  instrumentality 

of  an  organised  structure.  .    .,    .  ^   ±-  a 

343.  It  would  seem  as  if,  in  the  act  of  Assimilation,  the  plastic  lorce 
is  imparted  by  the  solid  tissues  already  formed,  to  the  nutritive  fluid  in 
contact  with  them;  for  there  can  be  no  doubt  that  the  fluid  becomes 
possessed  of  properties  which  are  themselves  purely  vital,  and  that  its 
manifestation  of  these  is  most  complete  when  it  is  in  immediate  relation 
with  the  living  solids.  Thus,  the  coagulation  of  the  '  plasma'  of  the 
blood,  and  the  formation  of  a  fibrous  tissue  which  is  the  result  of  that 
act  when  it  is  most  perfectly  performed  (§  374),  can  obviously  be  attri- 
buted only  to  the  peculiar  endowments  of  which  the  material  has  become 
possessed,  subsequently  to  its  introduction  into  the  animal  body;  it  takes 
place  most  perfectly,  when  the  plastic  material  is  poured-out  upon  the 
surface,  or  efiused  into  the  interstices,  of  living  tissues;  and  it  may  be 
altogether  prevented  by  such  a  violent  '  shock,'  as  suddenly  and  com- 
pletely destroys  the  vitality  of  the  body.  But  we  shall  see  reason  to 
believe  that  there  are  certain  organs,  alike  in  the  Animal  and  in  the 
Yegetable,  which  are  specially  destined  to  efiect  the  elaborating  pro- 
cess; without  superseding,  however,  the  more  general  agency  first 
alluded  to. 

344.  In  the  act  of  Fonnation,  a  stiU  higher  measure  .of  plastic  force 
seems  to  be  brought  to  bear  on  the  same  elements ;  since  they  are  then 
enabled,  not  merely  to  assume  a  more  perfectly-organised  form,  and  to 
manifest  endowments  of  a  much  higher  character,  but  also  to  develope, 
in  their  turn,  similar  vital  endowments  in  other  nutritive  materials.  We 
may  trace  at  least  four  distinct  modes  in  which  it  takes  place. — In  the 
first  place,  the  material  may  be  applied  solely  to  the  interstitial  augmen- 
tation of  the  existing  elements  of  the  structure;  its  component  cells  or 
fibres  increasing  in  size  without  undergoing  multiplication,  and  the  whole 
organ  being  enlarged  without  the  generation  of  any  new  integral  part. 
This  is  probably  the  case  with  the  leaves  of  Plants  in  general,  which 
continue  to  enlarge,  after  the  number  of  cells  they  contain  appears  to 
have  ceased  increasing ;  and  it  may  also  happen  in  some  other  instances ; 
but  in  general,  the  enlargement  of  the  cells,  &c.,  already  developed,  takes 
place  in  conjunction  with  the  next  form  of  the  nutritive  process. — This, 
secondly,  consists  in  the  multiplication  of  the  cells  or  other  component 
parts,  by  the  subdivision  of  those  previously  existing,  or  by  outgrowth 
from  them.  Such  appears  to  be  the  mode  in  which  the  most  rapid 
increase  of  living  structures  takes  place ;  and  it  is  seen  alike  in  the  Plant 
and  in  the  Animal,  in  the  most  complex  as  well  as  in  the  simplest  forms 
of  both.  The  type  according  to  which  this  process  has  already  been 
described  as  taking  place  in  the  lower  Cellular  Plants  (§  22),  seems  to 
be  that  on  which  it  is  performed  even  among  the  highest  A  iiimals :  in 
the  latter,  however,  it  is  especially  during  embryonic  life  (§  73),  and  iu 
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the  development  of  entirely  new  pai-ts  at  subsequent  periods,  that 
meet  Avith  examples  of  it;  stUl  there  are  certain  tissues,  as  Cartilage  in 
which  It  continues  to  take  place  throughout  the  whole  of  life.— In  the 
tlm-d  mode  of  formation,  the  new  tissues  seem  to  arise  from  certain 
germinal  centres,' which  appear  to  have  the  character  of  ceU-nuclei; 
sometimes,  perhaps,  not  having  been  themselves  fully  developed  into 
cells,  and  sometimes  being  residual  components  of  ceUs  which  have 
undergone  transformation,  but  wliich  leave  to  their  nuclei  the  develop- 
mental power.  Of  this  mode  of  formation,  which  seems  peculiar  to 
Animals,  we  have  exami:)les  in  the  development  of  gland-cells  from  the 
nucleus  at  the  csecal  extremity  of  the  follicle  or  tubide  from  which  they 
are  to  be  cast-forth  (§  407),  and  in  the  production  of  the  component  cells 
of  muscular  fibrillse  from  the  nuclei  contained  within  their  enclosing 
tube.  Whether  the  epidermic  and  epithelial  tissues  generally  take  their 
origin  in  germinal  centres  contained  in  the  'basement  membrane,' 
as  maintained  by  Prof  Goodsir,  or  are  developed  in  the  fourth  mode,  has 
not  been  yet  certainly  determined.  In  the  adult  condition  of  animals, 
in  which^  no  new  parts  are  formed,  but  maintenance  of  those  akeady 
existing  is  alone  required,  this  mode  of  formation  is  undoubtedly  more 
common  than  any  other.  For  such  '  germinal  centres'  or  '  cytoblasts' 
are  scattered  through  a  large  part  of  the  fabric,  their  relative  abundance 
in  different  organs  being  nearly  proportional  to  their  respective  activity 
of  growth,  and  their  disappearance  being  (as  Mr,  Paget  has  justly 
remarked)  a  sure  accompaniment  and  sign  of  degeneration.  —  But, 
fourthly,  new  tissue  may  be  formed  at  once  by  the  coagulation  of  the 
plastic  fluid,  without  the  direct  intermediation  of  pre-existing  cells  or 
germinal  centres  (§  387);  but  it  usually  possesses  a  very  low  degree  of 
vitality;  for,  if  it  be  developed  into  cells,  these  usually  show  a  peculiar 
proneness  to  degeneration ;  whilst,  if  it  possess  the  fibrous  type,  it  consists 
of  little  else  than  an  aggregation  of  similar  particles  into  homogeneous 
fibres  (§  388).  This  mode  of  formation  is  rare  in  Plants,  and  is  most  com- 
monly seen  in  Animals  in  the  reparation  of  injuries. 

345.  Under  whichever  of  these  methods  the  Formation  of  tissues  may 
be  performed,  the  same  general  conditions  are  required. — In  the  f/ist 
place,  it  is  requisite  that  a  due  supply  of  the  material  be  afforded,  in  a 
state  in  which  it  can  be  appropriated.  The  degree  in  which  the  forma- 
tion of  each  tissue  is  dependent  upon  the  jjrevious  prepai-ation  of  its 
nutritive  materials,  seems  to  vary  greatly.  Thus  among  the  lower  tribes 
of  Plants,  in  which  there  is  little  or  no  '  division  of  labour,'  every  cell 
can  effect  the  preparative  operations,  as  well  as  appropriate  the  material 
so  prepared ;  whilst  in  the  higher,  a  large  part  of  the  organism  is  depen- 
dent for  its  pabulum  upon  the  materials  supplied  elsewhere.  But  we 
shajl  presently  see  (§  359),  that  out  of  the  veiy  same  organic  compounds, 
the  different  cells  of  the  higher  Plants  can  elaborate  a  gi'eat  variety  of 
few  products,  differing  widely  in  their  chemical  character;  so  that  they 
must  retain  a  certain  degree  of  converting  power.  Other  circumstances 
being  the  same,  the  activity  of  growth  is  proportional  to  the  abimdance 
of  the  nutritive  material,  j)rovided  that  the  formative  power  be  not  want- 
ing. This  is  especially  seen  in  Plants,  in  which  there  are  fewer  counter- 
acting agencies;  and  it  is,  ia  fact,  the  foimdation  of  a  large  part  of  the 
art  of  Cultivation,  which  aims  especially  to  accelerate  the  gi-owth  of  the 
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entire  plant,  or  to  augment  the  growtli  of  some  particxilar  part,  by 
increasing  the  supply  of  tlie  aliment  which  it  may  require.  But  we  have 
also  very  characteristic  examples  of  it  in  Animals;  such  as  the  increase 
in  the  Adipose  tissue,  when  the  food  has  been  abundant  m  quantity  and 
rich  in  quality;  the  increase  in  the  size  of  Glands,  when  the  blood  con- 
tains an  unusual  quantity  of  the  special  product  to  be  eliminated  by  their 
ao-ency :  and  (according  to  many  eminent  Pathologists),  the  deve  opmenfc 
of  abnormal  growths  (such  as  Cancer,  Tubercle,  Lepra,  &c.,  &c.),  which 
remove  pai-ticular  morbid  matters  from  the  current  of  the  circulation, 
with  a  rapidity  proportional  to  the  supply  of  the  peculiar  pabulum  wHch 
their  cells  respectively  requii-e.  It  seems  probable,  indeed,  that  the 
Animal  tissues  have  less  converting  power  than  those  of  Plants;  and 
that  not  only  each  tissue,  but  each  part  of  the  same  tissue,  selects  some 
different  material  from  the  blood.  For  there  are  certain  morbid  matters, 
whose  presence  in  the  blood  is  manifested  by  the  perversion  of  the  nutri- 
tive process  in  certain  spots  only  of  the  body,  these  spots  being  similar  in 
size  and  situation  on  the  two  sides ;  so  that  it  would  seem  that  the  only 
pai-ts  of  any  tissue  which  are  really  identical  in  composition,  are  those 
which  occupy  symmetrical  positions  on  the  opposite  halves  of  the  body.* 
Now  in  the  healthy  state,  as  in  those  diseased  conditions  which  afford 
more  striking  exemplifications  of  this  principle,  every  part  of  the  body, 
by  taking  from  the  blood  the  peculiar  substances  which  it  needs  for  its 
own  nutrition,  thereby  removes  from  it  a  certain  part  of  its  constituents, 
which  would  interfere  with  the  nutrition  of  the  rest  of  the  organism,  if 
retained  in  the  circulation.  And  this,  as  Mr.  Paget  has  well  remarked, 
seems  to  be  the  purpose  answered  by  the  development  of  many  struc- 
tures that  perform  no  ostensibly-useful  part  in  the  economy;  such  as 
rudimental  organs  of  various  kinds,  the  lanugo  or  downy  covering  of  the 
human  foetus  which  falls  off"  some  time  before  birth,  and  the  coat  of  haii* 
which  is  formed  in  many  of  the  lower  Mammals  during  foetal  life,  and 
which  gives  place  before  birth  to  a  more  complete  coat  of  a  different 
colour.  The  development  of  these  and  other  structures,  for  which  no 
other  purpose  can  be  assigned,  may  be  fairly  regarded,  on  the  principle 
which  has  been  now  laid-down  and  illustrated,  as  resulting  from  the 
presence  of  their  peculiar  materials  in  the  blood,  and  as  leaving  it  fitter, 
by  the  removal  of  them,  for  the  nutrition  of  other  parts,  or  as  adjusting 
the  balance  which  might  else  be  disturbed  by  the  formation  of  some  other 
part.  "  Thus,"  to  use  Mr.  Paget's  own  words,t  "  they  minister  to  the 
self-interest  of  the  individual,  while,  as  if  for  the  sake  of  wonder,  beauty, 
and  perfect  order,  they  are  conformed  to  the  great  law  of  the  unity  of 
organic  tyj^es,  and  concur  with  the  universal  plan  observed  in  the  con- 
struction of  organised  beings."  When  the  due  supply  of  nutritive  mate- 
rial is  not  afforded,  imperfect  or  deficient  formation  must  be  the  result ; 
and  this  is  probably  the  explanation  of  the  atrophy  which  normally  occui's 
in  the  course  of  the  life  of  higher  animals,  in  many  organs,  wliich  at  earlier 
periods  of  life  were  of  considerable  size  and  importance,  such  as  the  thymus 
gland,  the  ductus  arteriosus  and  venosus,  the  mammary  glands,  &c. 

*  See  Dr.  W.  Budd's  admirable  paper  on  'Symmetrical  Diseases,'  in  the  " Medico-Clii- 
rurgical  Transactions,"  Vol.  XXV.;  and  Mr.  Paget's  "  Lectures  on  Surgical  Pathology  " 
Chap.  I.  ' 

t  Op.  Git.,  Vol.  I.,  p.  26. 
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ii^n^l'  sfond  lAacG,  the  formative  process  is  mainly  dependent 

upon  a  due  supply  of  Heat.    This  agent  has  been  common  JreSed  as 

tne  belief,  that  Heat,  acting  through  a  substance  previously  organised 
Itself  becomes  the  formative  power  (General  Physiology).*  This  much' 
Wever,  is  certain;  that  the  activity  of  growth  bears  a  veiy  close  relation 
to  the  temperature  of  the  fabric,  so  that  the  formative  processes  may  be 
artihcially  retarded  by  cold  or  accelerated  by  warmth;  and  it  further 
appears  that  development  requii-es  a  higher  temperature  (as  it  certainlv 
TW^ft  f  on  a  higher  measure  of  vital  force)  than  simple  growth. 
L   -  A  A  completion  of  the  metamorphosis  of  certain  Insects 

IS  aided  by  the  generation  of  heat  in  '  nurses,'  whose  bodies  impart  it  to 
T^T  ^nV^'^'  ""'^^  '  reproduction  of  lost  parts  in  the 

wwT  ^  l^^l^r:^^  a  temperature  higher  by  many  degrees  than  that 
which  suffices  to  maintain  a  considerable  degree  of  general  nutritive 
activity._  Hence  we  see  that  the  very  same  agent  which  exerts  so  remark- 
able an  influence  on  the  duration  of  the  life  of  the  tissues,  exerts  a  cor- 
responding influence  on  those  processes  by  which  their  disintegration  is 
compensated;  and  the  perfect  balance  hetween  waste  and  repair  is  thus 
maintained.  In  Plants,  indeed,  we  see  this  beautiful  adjustment  extend- 
ing still  further  back;  for  the  Heat  which  promotes  the  formative  pro- 
cesses IS  accompanied  (when  not  artificially  supplied)  by  a  corresponcW 
amount  of  Light;  and  these  two  agents,  in  proportion  to  the  intensity  of 
their  operation,  accelerate  the  absorption  of  fluid  by  the  roots  (S  328) 
and  also  produce  a  corresponding  increase  in  the  supply  of  carbon  fixed 
by  the  leaves. 

2.  Nutrition  in  Vegetables. 

347.  The  elementary  phenomena  of  Vegetable  Nutrition  are  in  manv 
respects  best  studied  in  those  simple  Cellular  Plants,  of  which  every  cell 
performs  all  its  essential  operations,  and  is  entii-ely  independent  of  its 
fellows;  to  these,  therefore,  we  shall  first  direct  our  attention.— So 
far  as  we  at  present  know,  every  cell,  like  every  individual  Plant  or 
Animal,  is  the  product  of  a  previous  organism  of  the  same  kind;  there 
being  no  valid  reason  to  believe  that  any  organised  fabric,  even  of  the 
simplest  kind,  can  originate  in  the  combination  of  inorganic  elements 
without  the  intermediation  of  a  substance  already  endowed  with  vitality' 
This  substance,  however,  may  not  be  a  definite  'germ-particle;'  for  it 
seems  often  to  be  nothing  else  than  a  fragmentary  portion  of  the  liquid 
contents  of  some  pre-existing  cell.  The  first  stage  in  the  development  of 
any  such  body  into  a  new  cell,  must  consist  in  the  production  of  the  ve- 
quisite  pabidum  or  material,  out  of  those  simple  binary  compounds  which 
serve  as  food  to  Plants  (§  120);  and  it  may  be  conceived  without  any 
great  improbability,  that  in  this  operation  the  germ-particle  or  its  repre- 
sentative acts  a  part  analogous  to  that  of  a  '  ferment,'  save  that  the 
metamorphosis  which  it  promotes  is  a  step  in  the  ascending  series  (i.  e., 
from  inorganic  matter  up  to  organic  compoimds),  instead  of  being  in  the' 
downward  direction  {i.^  e.,  from  organic  compounds  towards  inorganic 
bodies),  as  is  the  case  with  that  of  ferments  in  general.    It  is  only  under 

*  See  also  the  Author's  Memoir  '  On  the  Mutual  Kelations  of  the  Vital  and  Physical 
Forces,'  in  the  "Philos.  Transact.,"  1850. 
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Fig.  159. 


the  influence  of  light,  however,  that  this  change  can  take  place;  and  the 
amount  of  the  new  compounds  thus  generated,  as  measured  by  the  quantity 
of  oxygen  given-off  in  the  act  of  their  production,  is  strictly  conformable, 
cceteris  jxiribus,  to  the  degree  in  which  the  decomposition  of  carbonic  acid  is 
promoted  by  that  agent.    This  result  of  the  incipient  nutritive  operations 
of  the  simple  Cellular  plants,  is  made  obvious  by  the  frothing-up  of  the  green 
scum  which  floats  upon  ponds,  ditches,  &c.,  when  the  sun's  rays  fall  upon 
the  surface ;  the  bubbles  of  gas  thus  disengaged  being  found  upon  analysis 
to  consist  of  oxygen.    It  will  be  presently  enquired,  what  are  probably 
to  be  regarded  as  the  first  compounds  thus  generated  (§§  359 — 362); 
little  doubt  can  exist,  however,  that  they  are  either  the  vegetable  acids, 
or  the  neutral  components  of  their  tissues.*    For  in  every  situation  in 
which  Vegetable  nutrition  is  taking  place,  dextrine  (or  starch-gum)  and 
an  albicminom  compound  are  present,  the  latter  being  especially  abundant 
in  young  and  rapidly-growing  parts ;  whilst  it  is  only  in  the  more  ad- 
vanced stage  of  life  of  cells  which  have  ceased  to  perform  any  more  active 
functions,  that  we  meet  with  other  products,  whose  composition  is  less 
immediately  related  to  that  of  the  cell- walls  themselves.    Of  the  two  pro- 
ducts just  named,  the  latter  is  the  one  that  chiefly  ministers  to  the 
formation  of  the  'primordial  utricle'  (Fig.  159,  dd),  which  is  the  imme- 
diate investment  of  the  con- 
tents of  the  cell,  and  which 
is  undoubtedly  the  part  of  its 
wall  that  is  most  actively 
concerned  in  its  vital  ojjera- 
tions;  whilst  the  former,  which 
is  always  present  in  much 
greater  abundance,  is  the  pa- 
bulum at  the  expense  of  which 
the  outer  or  cellulose  layer(cc), 
is  generated  around  this,  its 
thickness   being  augmented 
from  time  to  time  by  addi- 
tional exudations. 

348.  Previously  to  their 
appropriation,  however,  by  the 
solids  of  the  cell,  these  mate- 
rials are  united  (together, 
it  appears,  with  sugar  and 
oleaginous  particles)  iato  a 
peculiar  viscid  gi-anular  fluid, 
wHch  has  received  the  designation  of  proioplasma,  and  which  appears  to 
be  m  mimechate  vital  relation  with  the  gi'owing  organism.    This  fluid  is 

production  of  green -colouring  matter  has  been  very  commonly  supposed  to  cor, 
stitute  one  of  the  early  stages  in  the  '  ascending'  or  'progressive'  metamOTnhn.?.    n!!i  v^" 
not  surprising  that  such  should  be  the  current  opinion,  Sn  It  S  rZeShS  that  tv' 

heTnflneS:    t  T"'  f         *°  "S^*'  ^'^'^        i*«  — seerr^ff measure  of 
the  influence  of  that  agent.    But  the  chemical  composition  of  '  chlorophyU  ^  Totr  Z  t 
has  been  ascertained,  bears  a  much  closer  resemblance  to  that  of  oil  and  wax  tSn  to  th.f 
of  the  less  deoxidised  compounds;  and  it  is  probable   therefore    tW  i 
accompan  es  or  is  subsequent  to,  that  of  the  tifsi^  S^ing  sS^ 
antece^lent  to  them.    See  Mulder's  "  Chemistry  of  Animfl  .na  TS^Xyllo^y 


Section  of  leaf  o{  Agave,  treated  with  dilute  nitric  acid, 
showing  the  primordial  utricle  contracted  in  the  interior  of 
the  ceUs epidermic  ceUs ;  b,  boundarj-  ceUs  of  the  stoma  • 
c,  ceUs  of  parenchyma ;  d,  their  primordial  utricles  ' 
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coloured  yellow  by  iocline,  and  coagulated  by  alcohol  and  acids;  in  very 
young  cells,  it  occupies  nearly  the  entire  cavity,  certain  vacuoles  only  being 
perceptible,  which  are  occupied  by  a  more  watery  fluid  or  'cell-sap;'  but 
with  the  advance  of  the  life  of  the  cell,  these  vacuoles  increase  in  size,  and 
coalesce,  so  that  at  last  the  watery  cell-sap  almost  entirely  takes  the  place 
of  the  protoplasma,  which  merely  forms  a  lining  to  the  primordial  utricle. 
A  very  remarkable  movement  is  often  seen  to  take  place  in  the  proto- 
plasma, which  is  known  under  the  name  of  '  rotation.'  This  was  fii-st 
observed  in  the  long  tubular  cells  of  the  Characece,  a  little  group  belong- 
ing to  the  class  of  Algse ;  and  they  stiU  afford  the  best  Ulustration  of  the 
phenomenon.— Each  cell,  in  the  healthy  state,  is  lined  by  a  layer  of  gi'een 
oval  gTanules,  which  cover  every  part  of  its  wall  save  two  longitudinal 
Jmes  that  remain  nearly  colourless  (Fig.  160,  b);  and  a  constant  stream 

Fio.  160. 


WUellaflexiUs ; — A,  stem  and  branches  of  the  natural  size ;  a,  b,  c,  d,  four  verticils  of  branches 
issuing  from  the  stem ;  e,f,  subdivision  of  the  branches ; — B,  portion  of  the  stem  and  branches 
enlarged;  a,  b,  joints  of  stem  ;  c,  d,  TerticUs ;  e,f,  new  cells  sprouting  from  the  sides  of  the 
branches;  g,  h,  new  cells  sprouting  at  the  extremities  of  the  branches. 

of  semifluid  matter,  containing  numerous  jelly-like  globiJes,  is  con- 
tinually flowing  over  this  green  layer,  the  current  passing  up  one  side, 
changing  its  direction  at  the  extremity,  and  flowing  do^vn  the  other 
side,  the  ascending  and  descending  spaces  being  boimded  by  the  trans- 
parent lines  just  mentioned.  That  the  cvuTcnts  are  in  some  way  directed 
by  the  layer  of  granules,  appears  from  the  fact  noticed  by  Mr.  Yai'ley,* 
that  if  accident  should  damage  or  remove  them,  near  the  boundaiy 

*  "  Transactions  of  the  Microscopical  Society,"  1st  Series,  Vol.  II.,  p.  99. 
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between  the  ascending  and  descending  currents,  a  portion  of  the  fluids  of 
the  two  cvm-ents  will  intermingle  by  passing  the  boundary;  whilst,  if  the 
injmy  be  repaired  by  the  development  of  new  granules  on  the  part  from 
which  they  had  been  detached,  the  circidation  resvimes  its  regularity,  no 
part  of  either  cuiTent  passing  the  boundary.  In  the  young  cells,  however, 
the  rotation  may  be  seen,  before  their  granular  lining  is  formed.  The 
rate  of  this  crrculation  is  aflected  by  anything  which  influences  the 
vital  activity  of  the  plant;  thus,  the  movement  is  accelerated  by 
moderate  warmth,  whilst  it  is  retarded  by  cold,  and  may  be  at  once 
checked  by  a  slight  electric  discharge  through  the  plant.  The  moving 
globules,  which  seem  to  consist  of  starchy  matter,  ai-e  of  various  sizes ; 
being  sometimes  very  small,  and  of  deflnite  figure,  whilst  in  other  in- 
stances they  are  seen  as  large  irregu- 
lar masses,  which  appear  to  be  formed 
by  the  aggi'egation  of  smaller  par- 
ticles. If  the  cell  be  carefully  tied 
across,  the  ciirrent  is  re-established 
within  a  short  time  in  each  segment, 
as  if  the  cell  had  naturally  subdivided 
itself — This  phenomenon  may  also 
be  well  studied  in  certain  aquatic 
Phanerogamia,  belonging  to  the  fami- 
lies Nayadacece  and  Hydrocharida- 
cece;  the  Vallisneria  spiralis,  which 
belongs  to  the  last-named  of  these, 
exhibiting  it  in  a  peculiarly  striking 
maimer.  The  rotation  is  by  no 
means  confined,  however,  to  aquatic 
plants,  for  it  may  be  readily  detected 
in  the  haii's  of  Flowering-plants, 
many  of  which  afibrd  very  beautiful 
examples  of  it,  and  it  has  been 
observed  also  in  the  young  cells  of 
leaves,  fruits,  and  other  parts ;  so  that 
it  may  with  probability  be  regarded 
as  existing  in  every  vegetable  cell  at 
a  certain  stage  of  its  development. 
The  current  is  seldom  so  broad,  how- 
ever, as  in  the  instances  already  de- 
scribed ;  and  usually  presents  itself  as 
a  thread-like  stream,  passing  through 
a  stratum  of  motionless  matter. 
This  stream  may  be  single,  passing 
up  one  side  of  the  cell,  and  down  the 
other,  as  is  usually  the  case  in  long 
and  tubiform  cells  (Fig.  161,  A,  &,  c;) 
but  several  distinct  currents  may 
exist  in  the  same  cell,  and  these  are  observed  to  have  a  common  point 
of  departure  and  return, — namely,  a  collection  of  granidar  matter  in  one 
mass,  attached  to  the  wall  of  the  cell,  which  is  termed  the  nucleus  (b,  a). 
Here,  too,  it  -would  appear,  that  the  currents  are  connected  with  the  general 


Circulation  of  fluid  in  hairs  of  Tradescantia 
Virginica  : — A,  portion  of  cuticle  with  hair  at- 
tached ;  a,  b,  c,  successive  cells  of  the  hair ; 
d,  cells  of  the  cuticle  ;  e,  stoma : — B,  joint  of  a 
beaded  hair  from  the  same  plant,  showing  seve- 
ral currents ;  a,  nucleus. 
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activity  of  the  life  of  the  cell,  and  that  their  cessation  indicates  the 
cessation  of  its  formative  powers ;  and  from  the  manner  in  which  they 
are  connected  with  the  '  nucleus,'  it  would  seem  that  this,  where  it  exists, 
is  to  be  regarded  as  the  centre  of  the  vital  activity  of  the  cell.  Although 
such  a  nucleus  is  to  be  found,  however,  in  a  very  large  proportion  of 
Vegetable  cells,  yet  its  absence  in  some  instances  is  a  matter  of  equal 
certainty  with  its  presence  in  others ;  and  as  these  do  not  manifest  any  in- 
feriority of  vital  power,  the  nucleus  is  obviously  not  essential.  Perhaps 
we  should  be  correct  in  regarding  it  as  concentrating  in  itself  a  portion 
of  the  forces  which  are  elsewhere  diflPused  through  the  entire  'pro- 
toplasma'  and  '  primordial  utricle,'  rather  than  as  having  any  peculiar 
powers;  and  this  idea  is  confirmed  by  the  facts  presently  to  be  stated, 
in  regard  to  the  production  and  multiplication  of  cells. 

349.  The  formative  activity  of  the  Plant-cell  may  be  manifested  in 
various  ways.  The  cell  may  develope  itself  more  fully  as  an  individual ; 
appropriating  its  protoplasma  to  the  extension  of  its  walls,  so  as  to 
augment  its  size ;  or  solidifying  its  thin  coats  by  deposits  arranged  con- 
centrically or  otherwise  upon  their  interior,  so  as  gradually  to  occupy  a 
considerable  part  of  its  cavity;  or  filling  this  cavity  with  products  of 
various  kinds,  which  it  elaborates  for  itself  from  its  primitive  pabulum. 

Or,  on  the  other  hand,  it  may  give 
Fig.  162.  origin,  by  its  own  subdivision,  to  two 

or  more  cells,  which  in  their  turn  may 
undergo  a  like  multiplication;  the 
life  of  the  primary  cell  being  thus  (so 
to  speak)  carried  on,  and  distributed 
through  a  vast  aggregation  of  organ- 
isms  resembling  itself*  The  most 
common  method  of  multiplication  is 
the  subdivision  of  the  original  cell 
into  two  halves,  such  as  is  seen  very 
characteristically  in  the  Hcematococcus 
binalis  and  others  of  the  humblest 
forms  of  vegetation,  in  wliich  every 
cell,  being  ca2:)able  of  existing  by 
itself,  is  commonly  regarded  as  a  dis- 
tinct individual.  The  cells  of  this 
t°^tZntl%ti%:'^::^^  ^^^^^  Pl^.^*  ^^e  origlnaUy  of  a  globular 

of  four  cells  formed  by  a  repetition  of  the  same  form  (Fig.  162,  a);  and  the  fil'st  step 

in  the  process  of  subdivision  is  theii- 
elongation  into  an  oval  shape,  and  the  appearance  of  a  slight  con- 
striction round  them,  as  seen  at  b.  This  constriction  indicates  the  ten- 
dency of  the  '  endochrome'  (or  mass  of  coloured  cell-contents)  to  separate 

*  It  is  customary  to  speak  of  the  original  cell  as  the  parent  or  mother,  and  of  the  cells 
formed  by  the  subdivision  of  its  contents  as  the  offspHng  or  daughters.  This  phraseology, 
however,  is  peculiarly  liable  to  convey  a  wrong  impression ;  since  the  terms  '  parent'  and 
'offspring,'  in  their  proper  acceptation,  convey  an  idea  that  is  essentially  different;  and 
the  word  '  mother-cell'  should  not  be  used  where  there  is  no  sexuality  (see  Chap.  XI. ,  Sect.  1 . ) 
In  the  one  case,  the  vital  endowments  of  the  primary  cell  are  transmitted  by  direct  con- 
tinuity to  the  entire  aggregation  (however  numerous)  iato  which  it  may  develope  itself; 
whereas  the  resultant  of  the  true  generative  process,  for  which  the  conctirrent  action  of 
two  cells  is  always  required,  is  (so  to  speak)  a  new  creation. 


Various  stages  of  development  o£ M<smatococcus 
binalis: — a,  a,  simple  rounded  cells  ;  b,  elongated 
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into  two  halves,  each  included,  it  would  appear,  in  an  envelope  of  its 
o-svn,  so  that  two  secondaiy  cells  are  now  included  witliin  the  external 
wall  of  the  primary;  and  after  this  has  been  effected,  the  contiguous  por- 
tions of  the  two  '  primordial  utricles'  appear  to  develope  or  secrete  a 
thick  partition  between  them,  so  that  the  two  secondary  cells  are  now 
completely  divided,  as  seen  at  c,  c.  An  increase  of  a  somewhat  similar 
but  less  condensed  secretion  on  their  exterior,  forms  a  mass  of  mucus,  in 
which  the  cells  are  imbedded ;  and  these  are  frequently  carried,  by  the 
interposition  of  this  new  substance,  to  a  considerable  distance  from  each 
other,  as  is  shown  at  d,  where  each  of  the  first  pair  of  secondary  cells  has 
itself  undergone  a  similar  siibdivision. — This  process  may  also  be  well 
studied  in  the  Confervce,  which  are  filamentous  aquatic  plants,  each  filament 
composed  of  a  single  file  of  cells,  adherent  to  each  other  end-to-end ;  and 
we  shall  derive  from  the  examination  of  one  of  these  a  further  insight 
into  some  stages  of  the  process.  The  first  step  is  here  seen  to  be  the 
subdivision  of  the  '  endochrome,'  and  the  inflexion  of  the  '  primordial 
utricle'  ai'ound  it  (Fig.  163,  A,  a);  and  thus  there  is  gradually  formed  a 

Fig.  "163. 


Process  of  cell-multiplication  in  Conferva  glomerata:—X,  portion  of  filament  with  incomplete 
partition  at  a  and  complete  partition  at  b  ;— b,  commencement  of  the  formation  of  a  partition ; 
c,  more  advanced  stage ;  r,  the  separation  nearly  complete ;  E,  the  two  primordial  utricles 
completely  detached,  and  ceU-membrane  deposited  between  them ;  p,  successive  layers  of  cell- 
membrane,  making  up  the  thickness  of  the  partition.  In  the  last  five  figures,  a  indicates  the 
primordial  utricle ;  b,  the  endochrome ;  e,  the  cell-membrane ,  and  d,  the  mucous  investment. 

sort  of  hour-glass  contraction  across  the  cavity  of  the  primary  cell,  by 
which  it  is  divided  into  two  equal  halves  (b).  The  two  surfaces  of  the 
infolded  iitricle  produce  a  double  layer  of  permanent  cell-membrane 
between  them ;  and  the  formation  of  this  may  be  seen  to  commence,  even 
before  the  complete  separation  of  the  cavities  of  the  twin-cells  (d).  This 
deposition  is  not  confined,  however,  to  the  contiguous  surfaces  of  the 
secondary  cells,  but  takes  place  over  the  whole  exterior  of  the  primordial 
utricle;  so  that  the  new  septum  is  continuous  with  new  layers  that  are 
formed  throughout  the  interior  of  the  original  primary  cell  (c). 
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350.  The  foregoing  is  the  method  according  to  wliich  the  extension  of 
Vegetable  structures  from  cells  already  in  existence,  most  commonly 
takes  place.  Among  the  lower  Algse,  for  example,  we  find  the  single 
cell  giving  rise  to  an  amorphous  cluster  (Fig.  10),  to  a  prolonged  fila- 
ment (Fig.  11),  or  to  flattened  leaf-like  expansion  (Fig.  12),  according  to 
the  mode  in  which  the  subdivision  occui's,  and  to  the  degree  in  wkich 
the  new  cells  remain  attached  to  each  other. — It  does  not  appear  that  in 
this  process  the  '  nucleus'  performs  any  essential  part ;  for  we  find  it 
taking  place  where  no  nucleus  can  be  distinguished,  in  virtue,  it  may  be 
sm-mised,  of  a  sort  of  mutual  repulsion  between  the  two  halves  of  the 
endochrome,  which  leads  to  their  spontaneous  separation.  Where  a 
nucleus  is  present,  this  also  undergoes  subdivision  at  the  same  time  with 
the  endochrome,  so  that  half  of  it  is  appropriated  by  each  of  the  secon- 
dary cells. — But  we  sometimes  observe  that  secondary  cells  originate  in 
little  bud-like  prominences  on  the  surface  of  the  primary,  developed 
in  continuity  with  that  from  which  they  arise.  This  is  well  seen  in  the 
Conferva  gloinerata,  a  common  species,  which  increases  not  merely  (like 
other  Confervse)  by  the  repeated  subdivision  of  the  cells  at  the  extremity 
of  its  filaments,  but  by  fche  origination  of  new  cells  from  every  pai-t  of 
their  surface.  A  certain,  portion  of  the  primordial  utricle  seems  to 
undergo  increased  nutrition;  for  it  is  seen  to  jDroject,  carrying  the  outer 
cell-wall  before  it,  so  as  to  form  a  protuberance,  which  sometimes  attains 
considerable  length  before  any  separation  of  its  cavity  from  that  of  the 
primary  cell  begins  to  take  place.  This  separation  is  gradually  effected, 
however,  by  the  infolding  of  the  primordial  utricle,  just  as  in  the  pre- 
ceding case ;  and  thus  the  endochrome  of  the  secondary  cell  is  completely 
severed  from  that  of  the  primary,  and  its  independent  existence  may  be 
said  to  begin  from  that  time.  We  may  consider  this  process  of  '  budding' 
as  diflfering  from  that  of  '  subdivision'  only  in  this, — that  whilst  in  the 
latter  case  the  individuality  of  the  primary  cell  is  lost  by  the  ecfual  sub- 
division of  its  cavity  into  two  similar  parts,  it  is  retained  in  the  former 
through  the  unequal  division  of  the  cell,  of  which  only  a  small  portion 
is  pinched-off"  (so  to  speak)  to  form  the  secondary  cell,  whilst  the  greater 
part  remains  unaltered.  Of  the  extent  to  which  the  multiplication  of 
cells  by  this  budding  process  takes  place  among  plants,  we  have  as  yet 
no  certain  knowledge.  It  is  obviously  the  regular  method  of  growth 
among  the  Gharacece,  in  which  the  long  tubiform  cells  that  form  the  axis 
give-off",  at  their  points  of  junction  with  each  other,  circular  rows  of 
buds,  from  each  of  which  is  developed  a  whorl  of  lateral  branches.  And 
the  same  mode  of  increase  is  observable  among  the  '  ferment-cells'  of  the 
Yeast-plant,  which,  whilst  rapidly  multiplying  under  favourable  circum- 
cumstances,  shoot-forth  little  buds  fi^om  one  or  even  both  extremities, 
from  each  of  which  a  secondary  cell  is  developed.  There  is  no  reason 
to  believe  that  in  this  process  the  '  nucleus'  takes  any  direct  share ;  since 
the  evolution  of  buds  may  take  place  from  cells  destitute  of  nuclei ;  and 
even  where  nuclei  exist  in  budding  cells,  they  do  not  seem  to  be  speciaUy 
connected  with  the  process,  since  the  buds  are  not  observed  to  origmate 
in  or  near  them. 

351  In  cases  where  a  very  rapid  production  of  new  and  mdependent 
cells  is  requisite,  it  would  seem  to  be  eff-ected  by  the  separation  of  the  con- 
tents of  the  primary  cell  into  numerous  parts,  each  of  which  acqmres  for 
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itself  ca  covering  of  cell-membrane;  so  that  a  whole  brood  of  secondary 
cells  may  thus  be  at  once  generated  in  the  cavity  of  the  primary  cell, 
which  subsequently  bursts  and  sets  them  free.  Of  this  plan  we  have 
the  most  characteristic  examples  in  the  formation  of  the  '  zoospores'  of  the 
Protoi^hyta  (§  22).  Thus  in  Achlya  frolifera,  a  plant  composed  of  tubiform 
cells,  which  grows  parasitically  upon  fish,  the  end  of  the  filament  dilates 
into  a  large  cell,  the  cavity  of  which  is  cut-off"  from  the  rest  by  the 
formation  of  a  partition  j  and  within  this  dilated  cell,  an  irregular  circu- 
lation of  gi-anular  particles  can  for  a  time  be  distinguished  (Fig.  164,  c). 
Very  speedily,  however,  it 

appears  that  the 'endochrome'  Picj-  l^^- 

is  being  broken-upinto  a  large 
number  of  cHstinct  masses, 
which  are  at  first  in  close 
contact  with  each  other  and 
with  the  walls  of  the  cell  (a), 
but  which  gradually  become 
more  isolated,  each  seeming 
to  acquire  a  proper  cell- wall ; 
they  then  begin  to  move 
about  within  the  primary 
cell ;  and,  when  quite  matm-e, 
they  are  set  free  by  the  rup- 
ture of  its  wall  (b),  to  go  forth 
and  form  new  attachments, 
and  to  acquire  for  themselves 
the  materials  of  development 
into  tubiform  cells  resembling 
those  from  which  they  sprang. 
A  similar  process  may  be  ob- 
served in  the  production  of 
the  '  zoospores'  of  Confervte 
and  Algse  in  general ;  iisually 
taking  place,  however,  upon  a 
smaller  scale,  and  the  number 
of  new  cells  being  generally 
less,  than  in  the  instance  just 
qiioted.  And  there  appear 
to  be  some  cases  among  the 
higher  plants,  in  which  primary  cells  give  origin  to  a  new  brood  in  their 
interior,  by  a  process  somewhat  similar,  without  the  successive  duplication 
which  is  certainly  the  more  usual  method  of  the  production  of  '  cells 
within  cells,'  or  '  endogenous  multiplication.'  This  seems  the  case,  for 
example,  in  the  '  embryo-sac'  of  Flowering-Plants  (§  504) ;  which  at 
one  time  contains  only  a  mixture  of  albuminous  and  starchy  matter,  but 
which  is  afterwards  fiUed-up  by  a  mass  of  cells,  that  have  incorpo- 
rated these  materials  into  their  own  substance,  forming  the  'endosperm  ' 
According  to  Nageli,  who  has  recently  investigated  this  process  with 
much  care,  the  following  are  the  essential  points  in  its  history.  Minute 
globular  particles  of  perfectly  homogeneous  matter,  varying  in  diameter 
from  1  to  4-lOOOths  of  a  line,  seem  to  be  first  formed  in  the  midst 


Development  ot  Achlya  proUf  era  .-—a.,  dilated  extremity 
of  a  filament  b,  separated  irom  the  rest  by  a  partition  a,  and 
containing  young  cells  in  progress  of  formation ;  B,  concep- 
tacle  discharging  itself,  and  setting  free  yoimg  cells,  a,b,c- 
— c,  portion  of  filament  showing  the  course  of  the'circulal 
tion  of  granular  contents. 
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of  the  mucilaginous  contents  of  the  embryo-sac;  larger  globular  bodies 
are  apparently  produced  by  the  aggregation  of  other  (nitrogenous?) 
particles  aroimd  these,  forming  the  nuclei  of  the  future  cells.  Each 
of  these  nuclei  seems  to  atti-act  aroiind  it  a  greater  or  smaller  quantity 
of  the  contents  of  the  primaiy  cell ;  and  over  this  a  membrane  is  sub- 
sequently generated.  *  Thus  the  history  of  such  a  formation  is  very 
nearly  the  same  with  that  which  we  have  traced  in  the  inferior  Ciypto- 
gamia;  and  it  may  be  that  even  in  the  latter,  the  fonnation  of  nuclei, 
round  which  the  contents  of  the  primary  cell  group  themselves,  may 
be  really  the  fii'st  stage  in  the  production  of  the  mass  of  secondary 
cells. 

352.  The  first  visible  stages  of  the  development  of  new  cells,  however, 
do  not  always  take  place  in  the  interior  of  a  pre-existing  generation ; 
for  cells  sometimes  appear  to  originate  de  novo,  in  that  mixture  of 
starchy  and  albuminous  fluids,  which,  being  the  approj)riate  pabulum  for 
Vegetable  cells,  has  been  denominated  protoplasma.  This  protoplasma, 
however,  must  have  always  been  elaborated  by  cell-agency;  so  that,  even 
if  the  young  cells  appear  to  be  developed  quite  independently  in  its  sub- 
stance, they  must  really  be  regarded  as  the  offspring  of  the  cells  which 
formed  it.  In  some  instances  which  have  been  regarded  in  this  light,  it 
is  probable  that  the  protoplasma  was  contained  in  a  cellular  parenchyma 
which  escaped  observation  through  its  extreme  delicacy:  whilst  in  other 
cases,  there  can  be  no  doubt  that  definite  cell-germs  had  been  j^repared 
and  set  free  with  the  protoplasma,  escaping  observation  on  account  of 
their  minuteness. 

353.  There  is  evidence  that  the  process  of  CeU-production  may  take 
place  with  a  rapidity  almost  inconceivable.  Extensive  tracts  of  snow, 
in  alpine  and  arctic  regions,  have  been  seen  to  be  suddenly  reddened  by 
the  cells  of  the  little  Protococcus  nivalis;  and  there  are  some  minute 
blood-red  Fungi,  which  occasionally  make  their  appearance  in  almost 
equal  miJtitudes  upon  the  surface  of  eveiy  organic  substance.  Almost 
every  one  is  familiar  with  the  appearance  of  certain  more  elevated  forms 
of  fungous  vegetation,  which  shoot-up  in  the  course  of  a  single  night, 
and  seem  to  melt-away  before  the  morning  sun.  A  specimen  of  Bovista 
giganteum,  a  large  fungus  of  the  puff-ball  tribe,  has  been  known  to  grow 
in  a  single  night  from  the  size  of  a  mere  point  to  that  of  a  huge  gourd ; 
and  from  a  calculation  of  the  average  size  of  its  cells,  and  of  the  pro- 
bable number  contained  in  the  full-grown  plant,  it  has  been  estimated 
that  they  must  have  been  generated  at  the  rate  of  four  thousand  milliotis 
per  hour,  or  more  than  sixty-six  millions  per  minute.  In  aU  such  cases, 
the  amoimt  of  solid  matter  present  in  the  tissues  bears  a  very  small 
proportion  to  the  fluids. — A  very  rapid  growth  of  leaves  may  be  occa- 
sionally noticed;  thus  the  leaf  of  Urania  spedosa  has  been  seen  to 
lengthen  at  the  rate  of  from  1^  to  3i  lines  per  hour,  and  even  as  much 
as  from  four  to  five  inches  per  day.  It  is  doubtful,  however,  how 
much  of  this  result  may  be  attributed  to  the  formation  of  new  cells, 

*  See  Naeeli  '  On  the  Formation  of  Vegetable  Cells,'  in  tlie  "  Keports  and  Papers  on 
Botany  "  published  by  the  Eay  Society,  1845  and  1849  ;  also  Mohl's"  Principles  of  the 
Anotomv  and  Physiology  of  the  Vegetable  Cell,"  translated  by  Mr.  Henfrey;  and  Braun 
t  'rfu^Sescere^^^^^^^^  by  the  Ray  Society  in  "Botanical  and  Physiological 
Memoirs,"  1863. 
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and  how  much  is  due  to  the  enlargement  of  those  of  which  the  leaf  was 
previously  composed. 

354.  Such  cells  as  those  now  described,  present  themselves  not  only 
as  the  constituents  of  those  simplest  Vegetable  organisms,  in  which 
every  cell  can  maintain  an  independent  existence ;  hut  also  as  the  chief, 
and  frequently  the  sole,  components  of  fabrics  of  much  higher  rank,  and 
of  much  greater  complexity  of  stracture.  Thus  we  do  not  meet  with 
any  other  forms  of  tissue  than  those  referable  to  the  simple  Cellular 
type,  in  any  of  the  AlgJB,  Lichens,  Fungi,  or  Mosses :  whilst  in  Ferns 
and  Flowering  Plants,  we  find  this  tissue  not  merely  in  the  soft  sub- 
stance of  the  leaves,  flowers,  and  fruits,  but  also  in  the  stem,  branches, 
and  roots;  uniformly  making-up  the  chief  j)art  of  the  organs  most 
actively  concerned  in  the  vital  operations,  and  being  almost  the  sole 
comjjonent  of  young  and  growing  structures.  The  other  tissues— namely, 
Woody  Fibre,  and  the  various  kinds  of  Vessels  and  Ducts, — may  all  be 
considered  as  metamorphosed  cells;  the  progressive  stages  in  the  trans- 
formation being  made-out  with  little  difficulty.  But  in  undergoing  this 
change,  they  seem  to  lose  some  of  the  distinguishing  attributes  of  the 
primary  type;  for  it  is  in  the  cellular  portions  of  the  Plant  alone,  that 
the  multiplication  takes  place,  whereby  new  parts  are  produced.  In  all 
the  more  highly-organized  forms  of  Vegetable  structure,  however,  the 
development  of  the  cells  that  are  to  form  the  more  permanent  parts  of 
the  fabric,  and  the  multiplication  of  those  which  are  evolving  themselves 
into  new  organs,  take  place  at  the  expense  of  a  plastic  fluid  which  is 
elaborated  in  temporary  organs  expressly  set  apart  for  the  purpose ;  and 
the  history  of  this  elaboration  has  now  to  be  traced. 

355.  In  the  greater  number  of  Vascular  Plants,  there  is  no  doubt 
that  the  greatest  proportion  of  the  fluid  imbibed  into  the  system  is 
derived  from  the  soil  siirrounding  the  roots;  and  that  it  holds  in  solution 
carbonic  acid  and  ammonia,  from  the  combination  of  whose  elements  are 
produced  the  proximate  principles,  gum,  sugar,  albiimen,  &g.,  at  the 
expense  of  which  the  tissues  are  generated.  It  would  seem  that  the 
fluid  thus  absorbed  is  in  all  plants  nearly  the  same,  under  corresponding 
circumstances,  except  as  regards  the  mineral  ingredients  of  the  soil  (§  120); 
and  that,  provided  this  contain  an  adequate  supply  of  the  above-named 
compounds,  the  presence  of  organic  matter  in  it  is  not  peciiliarly  favoura- 
ble to  growth.  Even  in  the  roots,  however,  the  fluid  that  is  passing  upwards 
tlirough  the  axis  is  found  to  contain  dextrine,  sugar,  and  vegetable  acids-* 
and  during  its  upward  ascent,  its  specific  gravity  still  farther  increases, 
and  the  quantity  of  its  solid  components  becomes  sensibly  greater.  If  the 
results  of  experiments  and  observations,  however,  on  the  functions  of  the 
leaves  (§§  268—271),  be  duly  considered,  it  seems  difficult  to  avoid  the 
conclusion,  that  the  greatest  addition  to  the  materials  for  the  formation 
of  the  solid  tissues  of  plants  is  made  through  their  agency  (or  by  that  of 
other  leaf-like  surfaces);  and  that  the  greater  part  of  the  process  of  con- 
version of  the  oxygen,  hydi'ogen,  carbon,  and  nitrogen,  obtained  by  the 

.pen  the  cr/de  sap,  as  soon\s1t^i  .'^S  l^rXZ^^tt::^, 
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plant  from  the  water,  carbonic  acid,  and  ammonia,  wMch  it  imbibes,  into 
organic  compounds,  is  effected  by  their  instrumentality.  We  Iiave  seen 
that  of  the  water  taken-in  by  the  roots,  a  large  proportion  must  neces- 
sarily be  exlialed  by  the  leaves ;  since,  in  order  to  obtaia  the  i-eqnisite 
supply  of  the  matters  which  are  sparingly  dissolved  in  this  liquid,  the 
plant  must  absorb  far  more  of  it  than  it  can  apply  to  its  own  use.  Hence 
the  crude  sap  brought  to  the  leaves  undergoes  a  double  change;  a  lai-ge 
proportion  of  its  water  being  got  rid  of,  whilst  a  great  addition  is  made 
to  its  carbon ;  and  thus  a  great  increase  is  presented  in  the  proportion  of 
oi-ganic  compounds  which  the  '  proper  juices'  of  the  leaves  contain. 
These  proper  juices  appear  to  furnish  the  chief  part  of  the  pahvlwm,  at 
the  expense  of  which  the  development  of  new  parts  takes  place  in  eveiy 
part  of  the  organism ;  for  although  it  may  not  be  distributed,  as  some 
have  supposed,  by  any  regular  '  descending  current'  (§  202),  yet  it  is 
impossible  to  account  for  the  large  quantity  of  additional  cai'bon  taken- 
in  by  the  leaves,  unless  it  be  thus  applied,  since  it  is  certain  that  these 
organs  themselves  do  not  undergo  any  proportional  increase,  during  the 
period  when  they  are  most  actively  performing  the  function  of  aeration. 

356.  That  a  marked  difference  exists  between  the  crude  ascending  sap 
whose  materials  are  supplied  by  the  roots,  and  the  '  proper  juices'  whose 
formation  thus  seems  chiefly  to  depend  vipon  the  leaves,  is  shown  in  a 
variety  of  ways.  Thus,  the  inhabitants  of  the  Canary  islands  tap  the 
trunk  of  the  Euphorbia  canariensis  and  obtain  a  refreshing  beverage 
from  the  ascending  current,  although  the  proper  juice  of  the  plant  is  of 
a  very  acrid  character.  The  phenomena  of  vegetable  parasitism  have  a 
peculiar  interest  when  viewed  with  reference  to  this  subject.  The 
Phanerogamic  parasites  may  be  arranged  under  two  groups;  those  pro- 
vided with  leaves,  belonging  for  the  most  part  to  the  order  Lorantlmcece 
(or  mistletoe  tribe) ;  and  those  which  are  destitute  of  leaves,  such  as 
the  Guscuta  (dodder),  Oi'obancJie  (broom-rape),  and  Lathrcea  squcmim-ia. 
Now  the  plants  of  the  first  group  may  be  regarded  as  natural  gi-afts, 
oro-anically  uniting  themselves  with  their  stock;  for  the  wood  and  bark 
of  the  Mistletoe  grow  in  continuity  with  the  wood  and  bark  of  the  tree 
to  which  it  has  attached  itself,  although  the  Une  of  demarcation  between 
the  two  may  be  seen  when  a  vertical  section  is  carried  down  through  the 
part  where  they  meet.  It  is  obvious  that  it  must  receive  its  supply, 
like  the  branches  of  the  stock  itself,  from  the  current  of  sap  ascending  m 
the  latter;  and  that  this  must  be  converted,  by  the  elaboratmg  action  of 
its  leaves,  into  the  materials  of  its  growth.  On  the  other  hand  the  eaf- 
less  parasites  attach  themselves  to  the  barh  alone,  by  means  of  suckers 
which  apply  themselves  to  its  surface,  or  of  fibres  which  penetrate  mto 
its  substance;  and  it  seems  obvious  that,  as  they  are  not  able  to  elaborate 
sap  for  themselves,  they  are  dependent  for  their  support,  not  upon  the 
c^de  ascending  current,  but  upon  the  ;  proper  juices'  of  ^he  plants  on 
which  thev  live.  And  this  view  derives  confirmation  from  the  taet, 
that  whilst  the  leafy  parasites  will  l^ff^^f^ZZ^ 
ereat  variety  of  trees,  their  ascending  sap  differing  but  httle  m  quality 
t^e  L^S:  parasites  ;re  much  more  limited  ^^^^^Jg^  .^et' 
being  usually  restricted  to  a  few  species  whose  '  P  'opei  J^uces  a,ie 
LSle  for  its  support,  and  those  of  other  plants  not  being  adapted  to  its 
nutriment. 
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357.  The  leaves  of  the  higher  Plants  may  be  regarded,  then,  as  the 
chief  assiviilatmg  organs,  by  which  the  materials  are  prepared  for  the 
formative  processes  that  take  place  in  different  parts  of  the  fabric;  the 
essential  pabulum  of  the  vegetable  tissues  being  the  protoplasma  (§  348), 
containing  saccharine,  gummy,  and  albuminous  matters  in  a  peculiar  state 
of  combination,  which  is  found  in  aU  rapidly-growing  parts,  and  from 
which  it  is  probable  that  each  component  cell  of  these  tissues  can  elabo- 
rate for  itself  the  pecidiar  compounds  which  it  is  destined  to  contain. 
And  thus  it  happens  that  the  growth  of  a '  stock'  is  not  changed  from  its 
natiu-al  method,  by  the  somewhat  different  quality  of  the  proper  jiiice 
that  may  be  suppHed  by  the  leaves  of  a  '  graft' ;  nor  does  the  mistletoe 
impart  any  of  its  peculiarities  to  the  branch  of  the  tree  with  which  it  has 
imited  itself  From  the  very  same  pabulum,  the  wood  of  the  mistletoe 
and  that  (e.  g.)  of  the  apple  grow  after  their  respective  fashions ;  just  as 
in  the  different  parts  of  the  mistletoe  itself,  the  wood  grows  after  one 
pattern,  the  bark  after  a  second,  the  leaves  after  a  third,  the  flowers  after 
a  fom-th,  and  the  fruit  after  a  fifth.  Every  growing  part,  in  fact,  turns 
to  its  o^vn  account  the  '  pabulum'  which  it  receives,  and  forms  it  into  its 
own  peculiar  tissues.  This  '  pabulum'  appears  to  be  especially  diffused 
through  all  the  cellular  portion  of  the  fabric ;  and  it  is  in  this,  as  formerly 
explained,  that  all  new  formation  originates.  Thus  we  find  new  leaf-buds 
in  the  Exogenous  stems  of  Dicotyledons  (§  29)  developing  themselves  as 
extensions  of  the  medullary  rays;  whilst  in  the  (so-called)  Endogenous 
stems  of  Monocotyledons,  they  spring  from  the  general  cellular  mass  of 
the  axis;  and  in  the  cells  of  the  parts  from  which  they  spring,  we  usually 
find  a  much  larger  accumulation  of  starchy  and  other  nutritious  materials, 
than  could  be  derived  from  the  quantity  of  ascending  sap  attracted 
towards  them,  before  exhalation  is  actively  established  by  the  expansion 
of  the  biids. 

358.  The  addition  to  the  central  axis,  again,  is  effected  in  Dicotyledons 
by  the  continual  growth  and  transformation  of  the  cambium-layer,  which 
intervenes  between  the  last-formed  layers  of  wood  and  bark.  The  cam- 
bium was  formerly  supposed  to  be  a  mere  glutinous  sap,  and  various 
notions  were  entertained  in  regard  to  the  mode  of  its  conversion  into  the 
new  wood;  but  it  is  now  quite  ascertained  that  the  cambium  is  really 
a  mass  of  yoimg  cells  turgid  with  protoplasma,  and  that  as  the  inner 
layers  of  these  are  converted  into  fibro-vascular  bundles,  they  continue  to 
increase  by  the  multiplication  of  cells  on  the  outer  side ;  and  thus  there 
is  an  absolute  continuity  of  growth  between  the  inner  and  outer  parts  of 
the  axis,  although,  from  the  vegetative  functions  being  periodically  sus- 
pended in  trees  which  cast-off  aU  their  leaves  at  once,  lines  of  demarca- 
tion are  more  or  less  distinctly  left  between  the  portions  foi-med  at 
successive  epochs.  Thus  are  produced  the  so-called  '  annual  layei's'  in 
these  stems;  which  are  not,  however,  to  be  regarded  as  by  any  means 
uniformly  indicating  the  number  of  years  during  which  a  stem  or  branch 
has  been  growing.  For  there  are  many  trees  in  tropical  climates,  whose 
leaves  are  thrown-off  and  renewed  twice  or  even  thrice  in  every  year,  or 
five  times  in  two  years ;  and  as  the  whole  series  of  nutritive  operations 
then  receives  a  check,  it  cannot  be  doubted  that  a  new  line  of  demai'cation 
will  be  left  by  every  exuviation.  Even  in  temperate  climates,  the  same 
thing  may  be  occasionally  observed;  thus  the  author  has  known  a  long 
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continuance  of  heat  and  dryness  in  the  early  part  of  the  summer,  to  be 
followed  by  the  entii-e  exuviation  of  the  leaves  of  trees  gi-owing  in 
exposed  situations;  a  new  covering  of  leaves  making  its  appearance 
within  a  few  weeks  afterwards.  And  temporary  checks  to  the  vegetative 
processes  may  arise  from  other  sources ;  thus  the  growth  of  the  larch, 
wliich  natiu-ally  thrives  in  cold  and  moist  situations,  is  stopped  by  heat 
and  dryness ;  and  the  author  has  been  assured  by  a  competent  authority, 
that  he  has  ascertained  by  actual  observation  that  two  thin  layers  of 
wood  have  been  formed  by  larches,  instead  of  a  single  thick  one,  when 
the  nature  of  the  season  had  been  such  as  to  occasion  a  prolonged  inter- 
ruption. On  the  other  hand,  in  '  evergi-een'  trees,  in  which  the  leaves  are 
not  all  cast-off  at  once,  the  lines  of  demarcation  are  usually  much  less  dis- 
tinct, since  the  growth  of  the  cambium-layer  is  not  at  any  time  completely 
stopped,  except  by  intense  cold.  As  the  additional  wood  is  always 
developed  on  the  exterior  of  that  previously  formed,  it  is  obvious  that  the 
term  Exogenous  may  be  appropriately  applied  to  this  mode  of  growth ;  it 
has  been  also  designated  as  growth  by  indefinite  fibro-vascular  bundles. — 
On  the  other  hand,  in  the  stems  of  Monocotyledons,  the  fibro-vascvdar 
bundles  once  formed  are  not  susceptible  of  increase,  and  they  are  therefore 
said  to  be  closed.  Hence  the  new  bundles  ai-e  not  developed  in  continuity 
with  the  old,  but  take  their  origin  in  the  midst  of  that  j)art  of  the  cellular 
mass  of  the  stem  which  is  in  closest  connection  with  the  new  leaves ;  and 
instead  of  extending  through  the  entire  axis,  so  as  to  augment  its  diameter 
from  the  extremities  of  the  branches  to  those  of  the  roots,  they  pass 
towards  its  exterior  at  no  great  distance  from  the  summit,  and  there  ter- 
minate, so  that  the  lower  part  of  the  stem  undergoes  no  augmentation. 
To  these  stems,  therefore,  the  term  Endogenous  cannot  be  justly  a^Dplied; 
and  it  should  be  dropped  altogether. 

359.  But  besides  ministering  to  the  development  of  new  tissue,  the 
elaborated  sap  of  Plants  supplies  the  materials  for  the  production  of  that 
immense  variety  of  organic  compounds,  in  which  the  Vegetable  World  is 
so  rich ;  compounds  whose  use  in  the  economy  of  the  Plant  is  frequently 
by  no  means  apparent,  but  whose  value  to  the  Animal  Creation  and  to 
Man  would  frequently  appear  to  be  the  sole  end  of  their  preparation. 
These  compounds  are  frequently  designated  as  Yegetable  Secretions;  but 
this  term  cannot  be  applied  to  them,  in  the  sense  ia  which  it  is  used  in 
Animal  physiology.  Tor  all  these  products  are  contained  and  stored-up 
in  cells,  which  continue  to  form  part  of  the  organised  fabric,  iastead  of 
being  cast-forth  from  it  (§  398) ;  and  they  might  rather  be  compared  to  the 
fat  of  animals,  which  is  in  like  manner  separated  from  the  blood  by  the 
development  of  adipose  cells,  that  constitute  permanent  components  of  the 
oro'anism.  Now  of  the  cause  of  the  immense  variety  of  these  products 
that  presents  itself  in  different  plants,  and  even  in  different  parts  of  the 
same  plant, — the  fixed  and  volatile  oils,  resins,  gums,  colouring  matters, 
alkaloids,  acids,  &c.,  &c.,— no  other  account  can  be  given,  than  that  each 
component  cell  generates  its  own  pectiliar  products,  at  the  expense  of  the 
nutrient  materials  suppHed  to  all  alike,  just  as,  among  the  TJniceUidar 
Plants,  each  species  may  form  a  distinct  organic  compoimd.  _  Thus,  to 
take  a  simple  case,  in  the  petal  of  a  Heartsease  or  any  similar  pai-ti- 
coloured  flower,  one  cell  forms  pxirple-colouring  matter,  while  another  ui 
close  proximity  with  it  forms  red-coloiu:ing  matter;  just  as  Profococci  and 
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Ecematococoi,  growing  under  the  same  circumstances,  and  at  the  expense 
of  the  same  inorganic  compounds,  respectively,  generate  green  and  hlood- 
red  endochrome.  There  are,  however,  certain  chemical  relations  between 
these  compounds,  which  become  of  peculiar  interest  when  taken  in  con- 
nection with  the  fact,  that  the  process  by  which  the  Plant  generates  them 
all  out  of  the  water,  cai-bonic  acid  and  ammonia  which  supply  their 
materials,  is  essentially  one  of  deoxidation;  of  these  relations  a  general 
accoimt  will  now  be  giveii. 

(i.)  Commencing  with  the  Non-azotized  compounds,  which  may  be  re- 
garded as  formed  at  the  expense  of  water  and  carbonic  acid  alone,  we  find 
that  the  substances  in  whose  production  least  oxygen  would  have  to  be 
set  free,  are  the  stronger  Vegetable  Acids,  in  which  the  oxygen  exceeds 
the  hydrogen. 

Carb.  acid  used. 


Formula. 


Oxalic  Acid  (dry) 
Gallic  Acid 
Tartaric  Acid 
MaHc  Acid 
Citric  Acid 
Tannic  Acid 


c, 


04 

o,„ 


Cio  H„  0,9 


2  equiv. 

7  „ 

8  „ 
8  „ 

12  „ 
18  „ 


Water  used. 

1  equiv. 
3 
6 
6 
8 


Oxygen  separated. 

1  equiv. 
12  „ 
10  „ 
12  „ 
18  „ 
32  „ 


(11.)  The  next-  group  is  formed  by  the  indifferent  Neutral  Compounds, 
which  take  the  largest  share  in.  the  vegetative  operations.  These  inva- 
riably contain  hydrogen  and  oxygen  in  the  proportion  to  form  water ;  so 
that  they  may  be  theoretically  considered  as  formed  of  carbon  +  water, 
the  whole  of  the  oxygen  of  the  carbonic  acid  being  separated,  but  none 
of  that  of  the  water. 

Garb,  acid  used 


Cellulose  . 
Starch. 
Cane-sugar 
Gum  .... 
GxapCTSUgar  (dry) 


Formula. 

C,2  H,„  Ojj 
C,2  H,„  0,(, 
H,i  Oi, 
C.2H„0„ 
Cja  Oj3 


12  eqmv. 
12  „ 
12  „ 
12  „ 
12  „ 


Water  used. 

10  equiv. 

10  „ 

11  „ 
11 

12 


Oxygen  separated. 
24  equiv. 
24  „ 
24  „ 
24  ,. 
24  „ 


(ill.)  A  thii'd  group  consists  of  those  neutral  bodies, — chiefly  hitter, 
acrid,  colowred,  or  yielding  colours  with  ammonia, — in  which  not  only  the 
oxygen  of  the  carbonic  acid  has  been  separated,  but  also  a  part  of  that 
which  forms  water.  Such  bodies  are  very  numerous,  as  well  as  very 
various  in  their  characters :  the  following  are  among  the  most  diversified 
examples;  the  first  being  nearly  allied  to  sugar,  the  second  an  acrid 
poison,  the  third  a  pure  bitter,  the  fourth  a  gelatinising  substance,  and 
the  fifth  a  coloured  body. 


Mannite  , 
Elaterine . 
Salicine  . 
Pectine  . 
Hsematoxyline 


Formula. 
Cjo  H,4  O5 

^26  H,g  0,4 
Cj3  O28 
^40  H,7  0,3 


Carb.  acid  used.    Water  used. 


•6  equiv. 
20  „ 
26  „ 
28  „ 
40  „ 


7  equiv. 
14 
18 
20 
17 


Oxygen  separated. 

13  equiv. 
49  „ 
56  „ 
60  „ 
84  .. 


(iv.)  From  these  we  pass  to  the  Oxygenated  Volatile  Oils,  and  the  Vola- 
tile Acids  related  to  them;  the  latter  being  formed  from  the  former  by 
simple  oxidation,  and  approaching  the  resins  in  composition.  A  few  in- 
stances will  suffice. 
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Oil  of  Bitter  Almonds 
Benzoic  Acid 
Oil  of  Spirtea 
Salicylic  Acid 
Oil  of  Anise  . 
Anisic  Acid  . 
Oil  of  Cinnamon 
Cinnamic  Acid 


^  UI  illUlll, 

Garb,  acid  used 

i  Oj 

equiv. 

CEO 

u 

>) 

Ch  h„  0, 

14 

)> 
>» 

ChH„0„ 

14 

C,„  Hg  O^ 

16 

j> 

16 

C,s  H,  O, 

18 

Hg  Oj 

18 

6  equiv. 

6  „ 

b  „ 

6  „ 

8  „ 

8  „ 

8  „ 

8  „ 


Oiygen  separated. 
32  equiv. 
30 
30 
28 
36 
34 
42 
40 


(v.)  Another  group  is  formed  by  tlie  Volatile  Oily  and  Fatty  Acids, 
together  with  cei-tain  bases  with  which  they  are  ordinarily  found  in  com- 
bination,— as  glycerine  and  the  oxides  of  ethyle,  amyle,  &c., — such  com- 
pounds being  the  sources  of  the  flavour  of  many  fruits. 


Oxide  of  Ethyle 
Glycerine  . 
Butyric  Acid  . 
Valerianic  Acid 
Oxide  of  Amyle 
Capric  Acid  . 
Margaric  and  Stearic 
Acida     .    .    .  . 


Formula. 
C,  H3  0 

Ha  0, 


C,o  H,i  0 
C34  H34  0^ 


Carb.  acid  used. 
4  equiv. 


10 
10 
20 


34 


Water  used. 

5  equiv. 

4  „ 

8  „ 
10  „ 

20  „ 
34  „ 


Oxygen  separated. 
12  equiv. 
14 
20 
26 
30 
56 

98 


(vi.)  The  next  group  includes  a  large  number  of  isomeric  and  polymeric 
Resins  and  Resinous  Acids,  in  which  little  oxygen  is  left;  notwithstanding 
their  great  varieties  in  character,  there  is  a  remarkable  uniformity  ki 
composition  among  them. 

Carb.  acid  used.      Water  used. 
10  equiv.  7  equiv. 

10     „  8  „ 

20     „  18  „ 

20     „  14  „ 

20     „  15  „ 


Many  Resins  . 
Camphor  .... 
Borneo  Camphor  . 
Many  Resins  .    .  . 
Many  Resinous  Acids 


Formula. 
C,oH,  0 

C,oHg  0 

O20  -^18 
O20  Hh  Oj 
Ojo  His 


Oxygen  separated. 

26  equiv. 

27  „ 
56  „ 

52  „ 

53  „ 


(vii.)  The  last  group  consists  of  the  Carho-hydrogens,  in  which  the 
whole  of  the  oxygen,  both  of  the  carbonic  acid  and  of  the  water,  has 
been  separated,  so  that  no  further  deoxidation  can  take  place.  Hence 
these  compounds  are  very  permanent,  and  are  chiefly  altered  by  then- 
natural  tendency  to  absorb  oxygen  under  favourable  circumstances. 


Oil  of  Lemons,  &c.  . 
Oil  of  Turpentine,  &c. 
Oil  of  Juniper,  &c.  . 


Formula. 

Ojo  H9 
O15H12 


Carb.  acid  used. 
5  equiv. 
10  „ 
15  „ 


Water  used. 

4  equiv. 

8  „ 
12  „ 


Oxygen  separated. 
14  equiv. 
28  „ 
42  „ 


360.  It  is  supposed  by  Liebig,  that  oxalic  acid,  which  approaches  the 
nearest  of  all  these  organic  compounds,  as  regards  both  its  composition 
and  its  properties,  to  the  inorganic  bodies  which  furnish  its  components, 
is  that  which  is  first  formed,  and  the  other  acids  from  it  j  then  sugai-, 
starch,  &c.,  from  the  acids;  bitter,  acrid,  and  coloured  compounds  from 
sugar,'  starch,  &c. ;  then  oxygenated  volatile  oils,  then  the  oily  and 
fatty  acids,  either  from  the  preceding  volatile  oils  or  from  sugar;  then  the 
resins,  from  fats  or  from  sugar ;  and  lastly  the  carbo-hydrogens.  _  And  this 
view  seems  favoured  by  the  very  extensive  difiVision  of  these  acids,  which, 
though  found  in  large  quantities  only  in  certain  plants,  may  be  detected 
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in  small  quautities  in  a  great  variety  (§  202).  It  is  open,  howevei^  to 
too  many  objections,  to  admit  of  being  received  as  more  than  an  ingenious 
livpothesis.*  Many  of  the  substances  of  the  same  or  even  of  different 
crroups  may  be  converted,  by  simply  chemical  processes,  one  into  another. 
Thus  the  neutral  bitter,  Salicine,  is  convertible  by  simple  oxidation 
(effected  by  means  of  the  action  of  dUute  sulphuric  acid  on  bichromate  of 
potass  mingled  in  its  solution)  into  the  fragrant  Oil  of  Spirsea  and  (^rape- 
sugar;  tliis  change  being  expressed  in  the  foUomng  formula  :— 

C.    H.   0.        C.    H.  0. 
1  Equiv.  SaUcine    .    26    18    14^       (U     6     4    1  equiv.  Oil  of  Spirtea. 


2     ,,     Oxygen  .002 


26   18  le 


1  equiv.  Grape-sugar. 


So  from  the  Hydrated  Oxide  of  Amyle  (an  oil-Hke  body,  which  is  pro- 
duced dm-ing  the  distillation  of  alcohol  from  fermented  grain  or  potatoes), 
the  pungent  fcetid  Valerianic  acid  may  be  obtained,  by  treating  it  with 
hydi-ate  of  potass,  which  occasions  the  disengagement  of  two  equivalents 
of  hydrogen,  and  the  absorption  of  two  of  oxygen  from  the  atmosphere, 
as  follows  : — 

C.    H.  0. 

1  equiv.  Hydrated  Oxide  of  Amyle    .    10    12  2 

2  equiv.  of  Oxygen  added  ....  0  0  2 
2  equiv.  Hydr.  subtracted  ....      0  —  2  0 


10    10     4=1  equiv.  Valerianic  acid. 

It  wUl  be  observed  that  in  both  these  transformations  oxygen  is  absor- 
bed; and  there  can  be  no  doubt  that  this  will  be  frequently  the  case, 
although  the  great  bulk  of  the  changes  which  take  place  in  the  act  of 
vegetation  are  of  the  opposite  character.  In  fact,  it  is  much  easier  to 
oxidise,  than  to  deoxidise  Organic  Compounds,  by  the  processes  of  ordinary 
Chemistry;  and  there  are  several  among  the  foregoing,  in  which  simple 
exposure  to  air  will  produce  this  effect.  The  carbo-hydrogens  and  the 
essential  oils,  for  example,  are  rapidly  converted  into  resins,  unless  care- 
fully secluded  from  oxygen;  the  red  colours  of  leaves  and  flowers  are 
produced  fi.-om  the  yellow  or  the  blue  by  oxygenation;  and  there  are 
many  plants  with  fleshy  leaves,  which  form  acids  by  an  oxidating  process 
during  the  night,  these  being  again  decomposed  by  day. 

361.  The  mode  of  formation  of  those  Azotized  compounds,  which  differ 
from  the  preceding,  not  only  in  the  presence  of  an  additional  element,  but 
also  in  the  far  greater  complexity  of  their  atomic  composition,  cannot  be 
so  readily  conceived;  yet  there  are  certain  links  of  connection  between 
these  and  the  non-azotized,  which  indicate  that  the  agency  whereby  they 
are  produced  is  of  the  same  general  nature.  Thus,  if  we  direct  our  atten- 
tion in  the  first  instance  to  the  azotized  substances  which  contain  neither 
sulphur  nor  phosphorus,  and  whose  atomic  composition  is  comparatively 
simple,  we  find  that  they  may  be  conceived  to  be  formed  by  a  process  of 
deoxidaiion,  out  of  a  certain  number  of  equivalents  of  carbonic  acid,  water, 
and  ammonia;  as  in  the  following  examples : — 


*  "  Familiar  Letters  on  Chemistry,"  3rd  edit.,  pp.  177,  178. 
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Formula.      Carb.  Add  used.   Water  used.   Amm.  used.   Oxygen  senar 

AmygdalineC.,N'H   0,        40  2I  1  82 

Nicotine  .    C.^  N         "        10  I  \  H 

Morphine     C^.NH.oO^         35  17  i  gl 

Strychnmo    C,„  N,  H,,  0,         44  16  2  106 

Fuifui-ine     C^oN.H^O^         30  6  2  60 

Now  the  first  of  these  substances  (also  termed  Malmnide),  wHcli  occiu's 
abundantly  in  Asparagus  and  in  the  MaHow,  but  which  is  also  found  in 
germinating  seeds  and  etiolated  plants,  may  be  formed  artificiaHy  from 
neutral  malate  of  ammonia  (maHc  acid  +  2  ammonia  +  2  water)  by 
depriving  it  of  two  equivalents  of  its  water  of  crystallisation,  as  thus  :— 

Cs  H^,  2im3,  2H0  =  H,o  0^  +  2  HO 

Malate  of  Ammonia.  Maiamide. 

This  is  an  example  of  the  class  of  bodies  termed  amides,  which  are 
termed  by  the  ehmmation  of  two  equivalents  of  water  from  neutral  or  acid 
salts  consistmg  of  ammonia  in  union  with  organic  acids,  and  which  seem 
to  perform  a  very  important  part  in  Organic  Chemistry.— The  last  of 
these  substances,  on  the  other  hand,  is  at  present  known  only  as  an  arti- 
ficial product;  yet  its  relations  are  so  close  to  the  vegetable  alkaloids,  that 
it  can  scarcely  be  doubted  that  they  are  generated  in  a  manner  essentially 
the  same.    When  bran  is  treated  with  sulphuric  acid,  an  oily  substance 

may  be  distilled  over;  and 
when  this  is  brought  into  contact  with  ammonia,  it  forms  a  neutral  crys- 
talline compound /Mr/Wofemi(ie,  three  equivalents  of  water  being  parted- 
with,  as  thus  : — 

CisB-aOs  +  NH3  =  C,s  H„  NO3  +  3  HO. 

^- — ^   ,  

Furfurol.  Furfurolamide. 

Now  when  furfurolamide  is  dissolved  in  hot  potash,  it  is  transformed, 
without  any  other  change  of  composition  than  the  coalescence  of  two  of 
its  atoms  into  one  (the  atomic  equivalents  of  furfuriae  being  exactly  double 
those  of  furfurolamide),  into  the  basic  substance  furfurine,  which  ap- 
proaches nearly  to  several  vegetable  alkaloids  in  its  general  characters, 
and  has  the  bitter  taste  of  quinine,  with  some  measure  also  (it  is  asserted) 
of  its  medicinal  powers.  It  is  peculiarly  interesting  to  remark,  that  iu 
this  last  transformation  (as  in  the  like  transformation  of  3  equivalents  of 
Oil  of  Bitter  Almonds  -I-  2Ammonia  into  1  Hydi-obenzamide  +  6  Water, 
and  ia  the  metamorphosis  of  this  neutral  Hydrobenzamide,  by  boiliag  in 
caustic  potash,  into  the  powerfal  organic  base  Amarine),  there  is  an  ap- 
proach to  that  wonderful  process  of  building-up  complex  atoms  or  mole- 
cules from  such  as  are  less  complex,  which  the  Chemist  had  previously 
found  beyond  his  powers — such  artificial  transformations  as  he  coidd  efiect, 
having  consisted  in  the  resolution  or  breaking-up  of  the  complex  natural 
compounds  into  others  more  simple. 

362.  Hence,  then,  we  are  naturally  led  to  believe,  that  the  production 
of  those  most  comjalex  Azotized  comjjounds,  into  which  Sulphur  also  entei"S 
in  definite  proportions,  and  for  which  the  presence  of  Phosphorus  also  is 
necessary  (though  it  is  not  yet  certain  whether  ifc  is  required  as  a  inate- 


PRODUCTION  OF  VEGETABLE  PROXIMATE  PRINCIPLES.  377 


rial  comfiiuent,  or  whether  its  infiuence  only  is  needed),  is  accomplished 
by  agencies  of  a  nature  similar  to  those  which  are  operative  in  the  pre- 
ceding cases.  The  very  smallest  number  of  equivalents  whose  presence  is 
indicated  by  analysis  in  a  molecule  of  Vegetable  Albumen,  is  216  Carbon, 
169  HycU-ogen,  27  Nitrogen,  2  Sulphur,  68  Oxygen.  This  formula  may 
be  deduced  either  from  the  inorganic  compounds  already  mentioned,  with 
the  addition  of  sulphuric  acid,  or  from  the  formula  of  sugar,  with  am- 
monia and  sulphmic  acid;  oxygen  alone  being  expelled  in  the  first  case, 
and  oxygen  and  water  in  the  second.    Thus  : — 

Albumen. 

Carb.  Acid    Water.   Aram.    Sulph.  Acid.      ^  ^  v  Oxygen. 

216    -f  88       27  +      2       =  C2,5H,j9Ng,S,0ga  +  458 

Or,  supposing  sugar  to  be  first  formed  ; — 

Carb.  acid.     Water.  Sugar.  Oxygen. 

216    -f-    216  =  18  (0,3  H,2  0„)    +  432 

Albumen. 

Sugar.  Amm.    Sulph.  Ac.      ^  ^  ^        Water.  Oxygen. 

18  (0,3  H,3  0,3)  +  27  -i-    2    =   03,,H,,,N3,S3O,3  +  128    -f  26 

Thus  we  perceive  that  in  these  higher  and  more  recondite  changes,  as 
in  those  lower  operations  which  fall  more  readily  within  our  comprehen- 
sion, the  power  of  deoxidation  which  the  vegetable  cell  has  such  a  remark- 
able power  of  exerting,  is  intimately  allied  with  the  building-itp  of 
complex  atoms ;  and  in  proportion  as  Chemists  find  themselves  able  to 
imitate  the  Vegetable  jJrocesses,  instead  of  being  restricted  to  the  coarser 
methods  of  the  ordinary  laboratory,  will  they  probably  succeed  in  elabor- 
ating the  same  chemical  products;  although  Vitality  alone  can  impress 
upon  them  those  peculiar  characters,  which  prepare  them  for  being  appro- 
priated as  materials  for  the  construction  of  the  organised  fabric. 

363.  Thus,  then,  as  has  been  well  remarked  by  Prof  Gregory,*  we  see, 
that  "  Vegetables  cannot  possibly  grow  and  form  seeds,  without  at  the 
same  time  producing,  as  parts  of  their  constructure,  the  food  of  Animals 
in  its  two  great  forms;  non-nitrogenous  and  respiratory  food,  namely, 
starch,  sugar,  gum,  and  oils;  and  nitrogenous,  plastic,  and  sanguigenous 
food,  namely,  albumen,  fibrin,  and  casein.  The  former,  which  do  not 
enter  into  the  formation  of  blood, — save,  to  a  small  extent,  oils  or  fats, — 
may  exist  free  from  ashes  or  mineral  matter,  although  these  are  necessary 
to  their  production;  but  the  latter  cannot  exist  without  containing  (at  all 
events)  phosphates.  And  thus,  by  the-  beautiful  arrangement  which 
renders  albumen,  fibrin,  and  casein  indispensable  to  the  development  of 
plants,  and  to  the  production  even  of  starch,  sugar,  and  fat;  and  which 
has  rendered  the  presence  of  phosphates  indispensable  to  the  existence  of 
albumen,  fibrin,  and  casein;  vegetables  cannot  grow,  nor  produce  the 
plastic  food  of  animals,  or  that  which  yields  blood,  without  at  the  same 
time  supplying  to  animals  the  earthy  matter  required  for  theii-  bones,  and, 
m  a  smaller  ijroportion,  for  the  blood  and  all  the  tissues.  If  albumen,  &c., 
could  be  formed  without  phosphates,  or  even  if  blood  and  muscle  could 
exist  without  phosphates,  still  animals  could  not  exist  or  be  formed  with- 

nf  Ibr+^''''^°°^l^T7°5'^'"'i'*'y'''  P-  483.-It  is  chiefly  from  tlie  excellent  section 
of  that  treatise,  '  The  Nutrition  of  Plants  and  Animals,'  that  the  materials  of  the  four 
preceding  paragi-aphs  have  been  derived. 
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out  bone-eartli.  As  it  has  been  arranged  with  perfect  wisdom,  however 
tne  mere  fact  that  a  Plant  has  grown,  necessarily  impUes  that  it  contains 
tlie  materials  reqim-ed  to  support  animal  life;  provided,  of  course,  it  be 
not  a  poisonous  plant,  though  probably  there  is  no  plant  which  may  not 
serve  as  food  for  some  animal." 

364.  There  is  one  of  the  above-named  organic  compounds,  which  is  so 
peculiarly  related  to  the  vital  operations  of  the  economy,  as  to  require 
special  notice.  This  is  Starch,  a  substance  very  universally  diffused  tlu-ough 
the  Vegetable  kingdom.  When  removed  from  the  plant.  Starch  exists 
m  the  form  of  minute  granules,  presenting  great  diversities  of  figure  and 
cUmension;  but  having,  for  the  most  part,  a  limit  of  size,  and  a  character- 
istic aspect,  in  each  tribe  of  plants,  by  which  its  source  may  frequently  be 
determined.  Each  granule,  when  examined  by  the  microscope,  is  seen  to 
be  marked  by  numerous  lines,  usually  having  more  or  less  of  a  concentric 
arrangement;  and  by  the  use  of  re-agents,  it  may  be  shown  to  have  a 
vesicular  character,  the  lines  just  mentioned  being  the  result  of  plaitings 
or  foldings  which  the  wall  of  the  vesicle  has  undergone.*  Several  such 
granules,  of  different  sizes,  are  usually  found  within  one  cell;  and  it 
seems  probable  that  they  are  formed  by  successive  additions  to  theii- 
substance,  by  imbibition  through  the  outer  layer  of  the  vesicle ;  since  the 
interior  is  occupied  by  matter  of  more  fluid  consistence.  When  exposed 
to  the  heat  of  about  160°,  the  starch-grain  bursts,  and  the  inner  layers 
are  readily  dissolved  by  water;  and  this  is  the  explanation  of  the  fact,  that 
starch  once  dissolved  in  hot  water  can  never  be  restored  to  its  original 
form.  In  composition,  starch  is  very  closely  related  to  gimi  and  cellulose ; 
and  it  may,  in  fact,  be  regarded  as  a  store  of  nutritive  matter,  which  has 
undergone  such  an  alteration  that  it  can  be  kept  apart  from  the  siu-round- 
iiig  juices,  and  can  thus  be  reserved  for  some  special  purpose.  Thus,  we 
find  it  stored-up  in  the  seeds  of  most  species,  either  forming  a  separate 
'albumen,'  as  in  the  Grasses,  or  taken  into  the  structui-e  of  the  embryo,  and 
constituting  the  mass  of  the  fleshy  cotyledons,  as  in  the  LeguminosEe,  &c. ; 
in  each  of  these  cases  it  serves  as  a  magazine  of  food  for  the  nutrition  of 
the  embryo,  previously  to  the  development  of  those  organs  which  enable 
it  to  maintain  an  independent  existence.  Similar  reservoirs  are  occa- 
sionally formed  by  the  enlargement  of  the  stem  into  tubers,  for  the  nutri- 
tion of  the  buds  to  be  developed  from  them,  as  in  the  Potato,  Arrow- 
root-plant, &c. ;  or  by  the  accumulation  of  the  same  material  in  fleshy 
roots,  bulbs,  &c.,  from  which  stems  rapidly  grow-up.  Starch  is  also  found 
abundantly  in  the  soft  interior  (improjoerly  called  pith)  of  the  stem  of  the 
Sago-Palm  and  other  Monocotyledons,  where  it  seems  destined  to  assist 
the  evolution  of  the  young  leaves ;  and  in  the  fleshy  expansions  of  the 
flower-stalk  (termed  receptacles) ;  on  which,  in  many  orders,  the  flower  is 
situated,  and  in  which  it  seems  to  answer  a  corresponding  jjurpose. 

365.  In  all  these  cases,  the  immediate  end  of  the  accumulation  of 
Starch  is,  that  it  may  be  ready  for  the  nutrition  of  the  growing  body 
before  this  is  capable  of  obtaining  food  for  itself;  and  it  may  be  obsei-ved 
that  the  deposit  continues  to  increase  as  long  as  the  plant  is  in  active 
vegetation, — arrives  at  its  maximum, — and  then,  remaining  stationaiy 
during  the  winter,  begins  to  decrease  in  the  spring.    The  deposition  of 

*  See  Busk  '  On  the  Structure  of  the  Starch- Granule,'  in  "  Transact,  of  Microsc.  Soc," 
New  Series,  Vol.  I.  p.  58. 
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Starch  fulfils,  therefore,  an  obvious  purpose  in  the  Vegetable  economy; 
but  we  cannot  doubt  the  \vise  and  benevolent  intention  of  the  Creator, 
in  thus  providing  a  store  of  nutritious  and  palatable  food  for  Man,  m 
situations  whence  he  can  so  easily  obtain  it;  and  it  is  interesting  to 
remark  that,  as  it  almost  always  exists  in  an  insulated  form,  it  may  be 
obtained  in  a  state  of  purity  from  many  vegetables  wliich  would  other- 
wise be  very  poisonous.  Before  it  can  be  applied  to  the  nutrition  ot  the 
plant,  however,  its  condition  must  be  altered.  Thus,  in  the  germmation 
of  seeds,  it  is  converted  into  sugar;  the  same  change  takes  place  m  the 
tuber  of  the  potato,  during  the  evolution  of  its  buds;  and  during  the 
period  of  flowering,  the  starch  previously  deposited  in  the  receptacle 
undergoes  a  similar  transformation  (§  274).  This  conversion  is  a  process 
which°the  Chemist  can  imitate ;  for  if  the  fecula  be  first  heated,  so  that 
its  vesicles  are  ruptured,  and  it  be  then  treated  with  dilute  sulphuric 
acid,  it  is  converted  into  sugar;  and  the  salivary  matter  of  animals  pos- 
sesses the  same  converting  power  ia  a  remarkable  degree  (§  163).  The 
change  is  efiected  in  the  Vegetable  economy  by  the  operation  of  an 
aaotized  secretion  called  diastase;  which  seems  to  be  formed  for  the 
express  purpose,  and  which  may  be  obtained  in  a  separate  state,  either 
from  malt,  or  from  the  neighbourhood  of  the  '  eyes'  or  buds  of  the  potato, 
producing  the  same  effects  in  the  laboratory  of  the  Chemist,  as  in  the 
Vegetable  economy.  Its  operation  is  really  that  of  a  '  ferment ;'  for  the 
conversion  of  starch  into  sugar  is  dependent  upon  an  iacipient  decompo- 
sition of  the  diastase,  which,  when  it  proceeds  fiirther,  excites  the  alcohoHc 
fermentation  in  the  saccharine  product.  And  the  liberation  of  carbonic 
acid  appears  due  to  the  necessity  for  getting-rid  of  the  excessive  propor- 
tion which  the  carbon  of  starch  bears  to  its  oxygen  and  hydrogen,  as 
compared  with  that  which  exists  in  sugar.  For 

12  equiv.  Starch  ~  ^144  ■'^lao  ^120 
10  eqiiiv.  Grape-sugar  =  C] 20  Hj^q  Ojjq 

Excess  of  Carbon  in  Starch    .  24 

An  extrication  of  carbonic  acid  seems  to  take  place  wherever  this 
metamorphosis  occurs  (§  274);  and  it  is  probable  that  the  secretion  of 
diastase  is  equally  general. 

3.  Nutrition  in  Animals. 

366.  In  tracing  the  gradual  incorporation  of  the  alimentary  materials 
ingested  by  Animals,  into  their  organised  fabric,  it  will  be  convenient 
to  give  our  first  attention  to  the  cases  in  which  so  wide  an  interval 
exists  between  the  points  at  which  nutriment  is  absorbed  and  those 
at  which  it  is  appropriated,  that  we  are  able  to  trace  a  gradual  meta- 
morphosis in  the  components  of  the  nutritive  fluid,  whereby  it  is  assimi- 
lated in  nature  to  the  tissues,  whose  formative  operations  are  performed 
at  its  expense.  The  nutritive  materials  prepared  by  the  Digestive  pro- 
cess, are  taken  into  the  circulation  of  Vertebrated  animals,  as  already 
shown  (chap,  iv.),  through  two  distinct  channels,  the  Blood-vessels  and 
the  Absorbents.  Now  all  the  veins  which  are  formed  by  the  reunion  of 
the  capillaries  of  the  gastro-intestinal  canal,  converge  into  the  Vena 
Portce,  which,  like  an  artery,  distributes  the  blood,  thus  charged  with 
crude  materials,  to  the  secreting  apparatus  of  the  Liver.  It  was  formerly 
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STh^i^S^^'^'^^^'r^.^^'^*  gland  was  limited  to  the  elimination, 
irom  the  blood  siibjected  to  its  influence,  of  the  materials  of  the  biliary 
secretion;  but  there  is  now  ample  evidence  that  the  blood  itself  is 
cnangecl  by  its  means,  in  a  manner  that  indicates  an  assimilating,  as  well 
as  a  depurahng  action.    One  of  the  most  important  of  these  changes,  is 
tlie  ^assimilation  of  that  crude  albuminous  product,  recently  distinguished 
as    albummose,'  which  is  formed  by  the  solution  of  albumen,  fibrin, 
casein  &c.,  m  the  alimentary  canal.    This  product,  as  was  long  since 
remai-ked  by  Dr.  Prout,*  is  deficient  in  some  of  the  most  characteristic 
properties  of  true  Albumen;  for  it  is  scarcely  coagulated  either  by  heat 
or  by  nitric  acid,  and  it  freely  transudes  through  organic  membranes 
which  entirely  check  the  passage  of  the  latter.    It  is  found  abundantly 
m  the  blood  of  the  mesenteric  vein  during  digestion,  whilst  it  does  not  pre- 
sent itself  in  that  of  the  hepatic  vein;   so  that  we  may  infer  that  it 
is  converted  into  true  blood-albumen  in  its  passage  through  the  liver.  That 
an  assimilating  power  is  exerted  by  the  Liver  on  albuminous  substances, 
IS  further  indicated  by  the  fact  ascertained  by  M.  CI.  Bernard,  that  if  a 
solution  of  egg-albumen'  be  injected  into  any  part  of  the  systemic  circu- 
lation, albumen  speedily  makes  its  appearance  (like  other  soluble  sub- 
stances which  are  foreign  to  the  body)  in  the  urine ;  but  that  if  the  same 
substance  be  injected  into  the  vena  portse,  it  does  not  show  itself  in  the 
mine,  being  apparently  incorporated  with  the  blood  by  the  agency  of  the 
liver.    It  is  now  certain,  too,  that  the  liver  elaborates  from  some  other 
constituents  of  the  blood  a  saccharine  compoimd  (liver-sugar),  which  is 
destined  for  immediate  elimination  by  the  lungs,  and  which,  being  much 
more  i-eadily  carried-olf  by  the  respiratory  process  than  either  grape- 
sugar  or  cane-sugar,  may  be  regarded  as  its  most  approijriate  i3abulum.t 
Moreover  the  liver  converts  grape-sugar  and  cane-sugar — absorbed  by 
the  tributaries  of  the  vena  portse,  and  brought  to  it  by  the  blood-cuiTent 
• — into  the  form  of  '  liver-sugar,'  of  whose  presence  the  blood  is  much 
more  tolerant ;  for  whilst  the  injection  of  a  small  quantity  of  cane-sugar 
into  the  general  circulation  renders  the  urine  saccharine,  no  less  than 
240  times  as  much  liver-sugar  may  be  thus  introduced  without  producing 
the  same  efiect;  whilst  if  the  cane-sugar  be  injected  into  the  vena  portas, 
so  much  larger  a  quantity  may  be  introduced  without  making  the  m-ine 
saccharine,  that  it  must  obviously  have  been  converted  in  passing 
through  the  liver.  J    Further,  it  appears  from  M.  Bernard's  researches, 
that  fatty  matters  are  elaborated  in  the  liver,  from  saccharine  or  some 
other  constituents  of  the  blood ;  so  that  even  when  no  fat  can  be  de- 
tected in  the  blood  of  the  vena  portse,  that  of  the  hepatic  vein  may 
contain  a  considerable  amount  of  it.    A  portion  of  this  fat  may  be 
destined  to  immediate  elimination  in  the  lungs;  but  if  the  supply  that 
should  be  introduced  by  the  lacteals  be  deficient,  it  would  doubtless  be 
made  subservient  to  the  formative  processes.    Lastly,  it  has  been  ob- 
served by  Prof.  E.  H.  Weber,  that  during  the  last  three  days  of  incuba- 

*  "Bridgwater  Treatise,"  3rd  edit.,  p.  444. 

+  See  the  Lectures  of  M.  01.  Bernard  on  the  'Functions  of  the  Liver,'  delivered  before 
the  College  de  France,  and  published  in  "L'Union  Medicale"  for  1850;  and  his  Memoir 
entitled  "  Nouvelle  Fonction  du  Foie,  considere  comme  Organe  Producteur  de  Matiere 
Sucree  chez  THomme  et  chez  les  Animaux,"  1853. 

t  See  Magendie  in  "  L'Union  Medicale"  for  1849,  Nos.  72,  75,  79. 
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tion  of  tlie  chick,  the  liver  is  made  bright-yellow  by  the  absorption  of 
the  yolk  Avhich  fills  and  clogs  all  the  minute  branches  of  the  portal 
veins  •  and  that  in  time,  the  materials  of  the  yolk  disajjpear,  part  being 
developed  into  hloocl-cooyusdes  and  other  constituents  of  blood,  which 
enter  the  circulation,  and  the  rest  forming  bile,  and  being  discharged 
into  the  intestines.*  There  is  no  evidence,  however,  that  blood-corpuscles 
are  thus  generated  in  the  Hver  during  later  life.— Thus  we  may  look 
upon  the  Liver  as  an  assimilating  organ  of  very  comprehensive  endow- 
ments; being  the  seat  of  the  elaboration  of  albumen,  of  the  generation  of 
fatty  inatter,'and  (under  certain  circumstances  at  least)  of  the  production 
of  red-corpuscles,  which  are  three  of  the  most  important  elements  ia  the 
preparative  stages  of  the  nutrient  process ;  and  being  further  capable  of 
preparing  the  blood  most  advantageously  for  the  function  next  in  im- 
portance, the  generation  of  heat. 

367.  We  have  now  to  enquire  what  are  the  changes  which  the  Chyle 
absorbed  into  the  Lacteal  system  undergoes,  dui'ing  its  progress  from  the 
walls  of  the  intestines  to  the  Thoracic  Duct.  The  fluid  drawn  from 
the  lacteals  that  traverse  the  intestinal  walls,  has  no  power  of  spon- 
taneous coagulation ;  whence  we  may  infer  that  it  contains  little  or  no 
fibrin.  It  contains  albumen  in  a  state  of  complete  solution,  as  we  may 
ascertain  by  the  influence  of  heat  or  acids  in  prodixcing  coagulation. 
And  it  includes  a  quantity  of  fatty  matter,  which  is  not  dissolved,  but  is 
suspended  in  the  form  of  globules  of  variable  size.  The  quantity  of  this 
evidently  varies  with  the  character  of  the  food ;  it  is  more  abundant,  for 
instance,  in  the  chyle  of  Man  and  of  the  Carnivora,  than  in  that  of  the 
Herbivora.  It  was  formerly  supposed  that  the  milky  colour  of  the 
chyle  is  owing  entirely  to  its  oil-globules ;  but  Mr.  Gidliver  has  pointed 
out  that  it  is  really  due  to  an  imm  ense  multitude  of  far  more  minute 
particles,  which  he  has  described  under  the  name  of  the  molecular  base 
of  the  chyle.  These  molecules  are  most  abundant  in  rich,  milky,  ojDaque 
chyle;  whilst  ia  poorer  chyle,  which  is  semi-transparent,  the  particles 
float  separately,  and  often  exhibit  the  vivid  motions  common  to  the 
finely-divided  molecules  of  various  substances.  Such  is  theii-  minute- 
ness, that,  even  with  the  best  iustruments,  it  is  impossible  to  determine 
either  their  form  or  their  dimensions  with  exactness ;  they  seem,  how- 
ever, to  be  generally  spherical;  and  their  diameter  may  be  estimated  at 
between  l-36,000th  and  l-24,000th  of  an  inch.  As  they  are  readily 
soluble  in  ether,  there  would  seem  to  be  no  doubt  of  their  oleaginous 
nature ;  but  it  appears  probable  that  each  of  them  is  surrounded  with 
that  thin  membranoid  film,  which,  as  first  pointed  out  by  Ascherson,  is 
formed  whenever  oily  and  albuminous  matters  are  brought  into  contact. 
— No  other  particles  than  these  are  observable  in  the  chyle  drawn  fi-om 
the  lacteals  near  the  vUli ;  but  after  the  fluid  has  passed  through  the 
Mesenteric  glands,  it  exhibits  very  marked  changes.  The  presence  of 
fibrin  (which  must  have  been  formed  at  the  expense  of  the  albumen) 
now  begins  to  declare  itself,  by  the  spontaneous  coagulation  of  the  fluid  • 
the  quantity  of  molecules  and  larger  oily  particles  diminishes,  perhaps  by 
their  passage  into  the  blood  when  the  two  fluids  are  brought  into  close 
relation  in  the  mesenteric  glands;  and  a  set  of  peciUiar  floatino-  cells  or 


*  Henle  and  Pfeufer's  "  Zeitsclirift,"  1846. 
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chyle-corpuscles  now  for  the  first  time  make  their  appearance.  The 
average  diameter  of  these  is  about  l-4600th  of  an  inch;  but  they  vary 
from  about  l-7000th  to  1-2 6 00th,— that  is,  from  a  diameter  about  half 
tliat  ol  the  human  blood-corpuscles,  to  a  size  about  a  third  larger.  This 
variation  probably  depends  in  great  part  upon  the  period  of  theii-  growth, 
ihey  are  usually  minutely  granulated  on  the  smface,  seldom  exhibiting 
any  regular  nuclei,  even  when  treated  with  acetic  acid;  but  three  or 
four  central  particles  may  sometimes  be  distinguished  in  the  larger  ones. 
These  coi-puscles  are  particularly  abundant  in  the  chyle  obtained  by 
puncturing  the  mesenteric  glands  themselves;  and  it  would  seem  not 
improbable,  that  they  are  identical  with  the  spherical  nucleated  particles, 
which  are  so  copiously  developed  within  the  cUlated  lacteal  tubes  in  their 
course  through  those  bodies  (§  184).  The  glandular  character  of  these 
cells,  and  their  continued  presence  in  the  cii-culating  fluid,  seem  to  indi- 
cate that  they  have  an  important  concern  in  the  process  of  Assimilation. 
It  is  only  in  the  Chyle  which  is  drawn  from  the  lacteals  intervening 
between  the  mesenteric  glands  and  the  receptaculum  chyli,  that  the 
spontaneous  coagulability  of  the  fluid  is  so  complete,  as  to  produce  a 
perfect  separation  into  dot  and  servm.  The  former  is  a  consistent  mass, 
which,  when  examined  with  the  microscope,  is  found  to  include  many 
of  the  chyle-cori^uscles,  each  of  them  surrounded  with  a  delicate  film 
of  oil ;  the  latter  bears  a  close  resemblance  to  the  serum  of  the  blood, 
but  has  some  of  the  chyle-corpuscles  suspended  in  it.  Considerable 
difierences  present  themselves,  however,  both  in  the  perfection  of  the 
coagulation,  and  in  its  duration.  Sometimes  the  chyle  sets  into  a  jelly-like 
mass ;  which  without  any  separation  into  coagulum  and  serum,  liquefies 
again  at  the  end  of  half  an  horn-,  and  remains  in  this  state.  The  coagida- 
tion  is  usually  most  complete  in  the  fluid  drawn  fi-om  the  receptaculum 
chyli  and  thoracic  duct;  and  here  the  resemblance  between  its  floating 
cells,  and  the  white  or  colourless  corpuscles  of  the  blood,  becomes  veiy 
striking. 

368.  The  Lymph,  or  fluid  of  the  Lyin/phatics,  sensibly  differs  from  the 
Chyle  in  its  comparative  transparency;  its  want  of  the  opacity  or  opa- 
lescence which  is  characteristic  of  the  latter,  being  due  to  the  absence, 
not  merely  of  oil-globules,  but  also  of  the  'molecular  base.'  It  contains 
floating  cells,  which  bear  a  close  resemblance  to  those  of  the  Chyle  on 
the  one  hand,  and  to  the  colourless  corjjuscles  of  the  Blood  on  the 
other ;  and  these,  as  in  the  preceding  case,  are  most  numerous  in  the  fluid 
which  is  drawn  fi'om  the  lymi^hatics  that  have  passed  through  the  glands, 
and  in  that  obtained  from  the  glands  themselves.  Lymj^h  coagulates 
like  chyle;  a  colourless  clot  being  formed,  which  encloses  the  greater 
part  of  the  corpuscles.  The  chief  chemical  difference  between  the  Chyle 
and  the  Lymph,  consists  in  the  much  smaller  proportion  of  solid  matter 
in  the  latter,  and  in  the  almost  entii-e  absence  of  fat,  which  is  an  important 
constituent  of  the  former.  This  is  weU  shown  in  the  foUoAvLng  compa- 
rative analyses,  performed  by  Dr.  G.  O.  Rees,*  of  the  fluids  obtained  from 
the  Lacteal  and  the  Lymphatic  vessels  of  a  donkey,  previously  to  theii- 
entrance  into  the  thoracic  duct ;  the  animal  having  had  a  full  meal  seven 
hours  before  its  death. 

*  "Medical  Gazette,"  Jan.  1,  1841. 
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Water   V,  '  \  '    '    "  ' 

Albuminous  matter  (coagulable  by  heat)  .  .  •  . 
Fibrinous  matter  (spoutaueously  coagulable)  .  . 
Animal  extractive  matter,  soluble  in  water  and  alcohol 
Animal  extractive  matter,  soluble  in  water  only  . 

Fatty  matter  ■,'    \    '  j.  ' 

Salts  ;— Alkaline  chloride,  sulphate,  and  carbonate, 
with  traces  of  alkaline  phosphate,  oxide  of  iron  . 


Chyle. 

Lymph. 

90  237 

yo  Odd 

3-516 

1-200 

\j  oiyj 

0-120 

0-332 

0-240 

1-233 

1-319 

3-601 

a  trace. 

0-711 

0-585 

100-000 

100-000 

The  Lacteals  may  be  regarded  as  the  Lymphatics  of  the  intestinal  waUs  and 
mesentery;  for  the  fluid  which  they  contain  during  the  intervals  of  diges- 
tion is  in  aU  respects  conformable  to  the  lymph  of  the  lymphatic  trunks. 

3G9.  Thus  by  the  admixture  of  the  aliment  newly-mtroduced  from 
^vithout,  with  the  matter  which  has  been  taken-up  in  the  various  parts  of 
the  system,  and  by  the  elaboration  wliich  these  undergo  in  their  course 
towards  the  Thoracic  Duct,  a  fluid  is  prepared,  which  bears  a  strong 
resemblance  to  Blood  in  every  particular,  save  the  presence  of  rec?  cor- 
puscles. Even  these,  in  a  state  of  incipient  development,  may  sometimes 
be  found  in  the  contents  of  the  thoracic  duct,  in  sufficient  amount  to 
commimicate  to  them  a  perceptibly  reddish  tinge.  The  fluid  of  the 
thoracic  duct  may  be  compared  to  the  blood  of  Invertebrated  animals; 
from  which  the  red  corpuscles  are  almost  or  altogether  absent,  but  which 
contains  white  or  colourless  corpuscles ;  and  whose  coagulating  power^  is 
comparatively  slight,  in  consequence  of  its  small  proportion  of  fibrin. 
And  we  hence  see,  why  these  animals  should  require  no  special  absorbent 
system;  since  the  blood-vessels  convey  a  fluid,  which  is  itself  so  analo- 
gous to  the  chyle  and  lymph  to  be  absorbed,  that  the  latter  may  be  at 
once  introduced  into  it,  without  injuring  its  qualities.  The  elaboration 
of  this  fluid  in  the  Yertebrata  would  seem  most  probably  due  to  the 
assimilating  agency  of  the  cells  contained  within  the  absorbent  glandulse, 
and  of  those  which  float  in  it  during  its  passage  through  the  vessels ;  and 
we  may,  in  fact,  regard  the  whole  of  the  special  Absorbent  system  in  the 
light  of  an  assimilating  apparatus,  fitted  not  merely  to  take-up,  but  also 
to  prepare  for  admission  into  the  circulating  fluid,  such  appropriate 
materials  as  may  be  presented  to  it  in  the  requisite  condition.  One  im- 
portant part  of  this  preparation,  in  the  case  of  the  Lacteals,  seems  to 
consist  in  the  intimate  incorporation  of  fatty  particles  with  albuminous 
substances.  Oily  matter,  as  we  have  seen,  is  a  constituent  of  the  food  of 
nearly  all  animals;  and  where  it  does  not  exist  as  such  in  the  food,  it  is 
generated  in  the  system  at  the  expense  of  farinaceous  compounds ;  and 
since  this  takes  place  in  cold-  as  well  as  warm-blooded  animals,  it  is 
obvious  that  the  oleaginous  particles  must  have  some  special  purpose  in 
the  system,  altogether  irrespective  of  the  maintenance  of  the  combustive 
process.  Further,  we  have  seen  that  one  of  the  chief  peculiarities  of  the 
Chyle  consists  in  the  peculiar  state  in  which  these  fatty  particles  are 
found;  and  this  state  corresponds  so  closely  with  that  in  which  we  find 
them  dispersed  as  '  molecules'  through  the  solids  and  fluids  of  the  body, 
that  we  can  scarcely  hesitate  in  attributing  to  it  some  peculiar  relation 
to  the  nutritive  operations.    Of  the  nature  of  this  relation  we  obtain 
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IZ^^^   r  fro^        foct,  that  oleaginous  particles  may  be 

constantly  distmgmshed  m  the  nuclei  or  cytoblasts  of  ^wing  cells  or 
fabres,  as  well  as  m  the  nuclear  bodies  scattered  through  an  'organisable 
blastema;  so  that  it  may  be  affirmed  with  much  probability,  that  the 
presence  of  fatty  matter  is  not  less  essential  to  the  formative  operations 
than  is  that  of  the  albuminous  compounds  themselves.*  ' 
370.  There  can  be  little  doubt  that  we  are  to  rank  among  the 
assimilating  organs,  certain  bodies,  known  as  'Vascular  Glands'  or 
'  Glands  without  Ducts,'  which  are  found  in  Vertebrated  animals,  in  inti- 
mate relation  with  various  parts  of  the  sanguiferous  system.  These  are 
the  Sideen,  the  mjmus  Glarul,  the  Thi/roid  Gland,  the  Suj)ra-Remd  Cap- 
sules, the  Glanduloi  Solitarim,  and  Peyerian  glandulm  of  the  walls  of  the 
Intestinal  canal,  and  some  smaller  bodies  elsewhere.  Many  points  in  the 
structure  of  these  organs,  especiaHy  of  the  one  &st-named,  are  still  far 
from  being  satisfactorily  made  out ;  and  of  their  function  it  would  be 
rash  to  speak  too  confidently.  Nevertheless  it  may  be  said  of  them  all, 
that  when  in  most  active  operation,  they  are  largely  supplied  with  blood' 
and  that  they  are  made  up  for  the  most  part  of  a  parenchyma,  which  is 
usually  contained  in  isolated  vesicles,  though  in  the  Thymus  this  occupies 
one  large  branching  cavity.  These  vesicles,  however,  do  not  seem  to  be 
analogous  to  those  of  ordinary  glands,  which  are  really  dilated  cells,  giving 
origin  to  successive  broods  of  secondary  cells  in  their  interior  ('§  401) ; 
for  they  have  no  proper  limitary  membrane,  and  seem  rather  to  be  formed 
by  the  partial  coalescence  of  the  elements  of  the  surrounding  tissue,  for 
the  isolation  of  their  parenchymatous  contents,  which  consist  of  nuclei 
and  cells,  in  various  stages  of  development,  imbedded  in  a  blastema  or 
formative  fluid.  The  vesicles  are  traversed  by  blood-vessels,  which  some- 
times form  a  minute  capillary  network,  whilst  in  other  instances  their 
arrangement  is  rather  penicillate  (brush-like),  the  arterial  twig  sub- 
dividing into  a  tuft  of  ramuscules,  which  reunite  again  after  passing 
separately  through  the  parenchyma.  The  primary  form  of  these  bodies 
is  the  '  solitary  gland'  of  the  intestinal  canal ;  "  which,"  as  Mi\  Huxley 
remarks,  "  is  nothing  but  a  local  hypertrophy  of  the  indifierent  element 
of  the  connective  tissue  of  the  part,  and  possesses  no  other  capsule  than 
that  which  necessarily  results  from  its  being  surrounded  by  the  latter. 
A  number  of  such  bodies  as  these,  in  contiguity,  constitute,  if  they  be 
developed  within  a  mucous  membrane,  a  Peyer's  patch ;  if  within  the 
walls  of  the  si^lenic  artery  and  its  ramifications,  a  Spleen ;  if  within  the 
walls  of  lymphatics,  a  Lymphatic  gland;  if  in  the  neighboui-hood  or  within 
the  substance  (as  in  Fishes)  of  a  kidney,  a  Supra-Renal  body;  if  in  relation 
with  a  part  of  the  brain,  a  Pituitary  body."t    It  can  scarcely  be  ques- 

*  This  view  deriTes  strong  confirmation  from  the  very  remarkable  effect  of  Cod-liver  oil 
in  improving  the  nutrition  of  Tubercular  subjects ;  and  from  the  curious  prophylactic  in- 
fluence of  the  oleagiaous  diet  of  the  Icelanders,  a  people  whose  habits  are  such  as  would 
peculiarly  favour  the  development  of  Scrofula,  but  who  are  most  remarkably  free  from  any 
form  of  it.  The  importance  of  oleaginous  matter  to  the  process  of  textural  nutrition,  and 
the  probable  rationale  of  the  beneficial  effects  of  Cod-liver  oil  (which  may  be  regarded  as 
by  far  the  most  important  among  the  recent  improvements  ia  Medical  practice),  were  first 
developed,  the  Author  believes,  by  his  friend  Prof.  J.  H.  Bennett,  in  his  treatise  on  Cod- 
Liver  Oil,  published  in  1841. 

f  'On  the  Malpighian  Bodies  of  the  Spleen,'  &c.,  in  "Microscopical  Transactions," 
New  Series,  p.  81. 
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tioned  that  these  bodies  take  a  share  in  the  fimction  of  Assimilation ; 
elaborating  the  nutrient  materials  which  are  brought  to  them,  and 
restoring  them  again  in  a  more  elevated  eondition.  Most  of  them  exert 
this  action  upon  the  blood;  but  from  the  special  relation  to  the  Absor- 
bent system,  which  the  reseai-ches  of  Brucke  have  shown  the  Peyerian 
bocUes  to  possess,  it  seems  probable  that  they  belong  to  the  same  category 
Avith  the  Absorbent  glandulte,  and  exercise  then-  office  chiefly  upon  the 
chyle  The  Thymus,  again,  which  has  a  large  cavity  for  the  reception  ot 
flidd.  probably  withcbaws  for  a  time  the  materials  upon  which  it  exer- 
cises its  transforming  power,  and  serves  to  store  them_  until  they  may  be 
requii-ed.— This  view  of  theii-  action  is  strongly  confirmed  by  the  tact, 
that  the  greatest  activity  of  the  Thymus  and  Thyroid  bodies,  and  of  the 
Supra-Renal  capsules,  is  during  foetal  life  and  early  infancy,  when  the 
formative  processes  are  being  performed  with  extraordinary  energy,  and 
are  making  a  large  demand  upon  the  assimilative  powers;  and  it  has  been 
further  shown  by  Prof  Goodsir,  that  these  three  organs  maybe  regarded 
as  involuted  portions  of  the  'germinal  membrane,'  which  is  the  first  assi- 
mUating  organ  possessed  by  the  foetus  (chap,  xi.),  and  are  in  absolute 
continuity  with  each  other  at  an  early  period  of  foetal  life.* 

371.  There  is  no  improbability,  however,  in  the  idea  that  these  organs 
may  severally  have  some  subsidiary  or  supplementary  function  to  per- 
form, varying  according  to  their  respective  structiire,  position,  and  con- 
nections.   Thus  it  has  been  observed  by  Mr.  Simon,  that  the  Thymus  of 
hybernating  MammaHa,  instead  of  dwindUng-away  (as  in  other  instances) 
when  fall  growth  has  been  attained,  gxeatly  enlarges  and  becomes 
laden  with  fat,  this  accumulation  taking  place  especially  at  the  a,p- 
proach  of  winter ;  so  that  the  organ,  after  it  has  ceased  to  perform  its 
origiaal  function,  is  then  used  as  a  sort  of  storehouse  for  combustive 
material. — The  Spleen,  which  has  a  different  origin  from  the  other  three, 
would  appear  to  serve,  through  the  extraordinary  distensibUity  of  its 
vessels,  as  a  kind  of  diverticulum,  to  reUeve  the  vessels  of  the  digestive 
viscera,  when  they  are  compressed  by  undue  accumulation  of  the  contents 
of  their  cavities,  or  when  they  are  congested  by  obstruction  to  the  flow 
of  blood  through  the  liver  or  the  heart;  bu.t  no  such  mechanical  arrange- 
ment can  be  faiiiy  supposed  to  be  the  chief  purpose  of  such  a  complicated 
organ  in  the  economy.    The  spleen  has  been  repeatedly  removed,  without 
any  obviously  injurious  consequences;  whence  it  appears,  either  that  its 
function  is  not  of  vital  importance,  or  (which  is  more  likely)  that  it  is 
discharged  by  some  other  organ  in  its  stead.    In  some  of  the  instances 
in  which  animals  have  been  allowed  to  survive  longest  after  removal  of 
the  Spleen,  the  lymphatic  glands  of  the  neighbourhood  have  been  found 
greatly  enlarged  and  clustered-together,  so  as  nearly  to  equal  the  original 
spleen  in  volume ;  and  hence  it  appears  to  be  a  fair  inference,  that  the 
elaborating  function  of  the  spleen  corresponds  closely  to  that  of  the  lym- 
phatic glands,  t 

372.  Having  thus  traced  the  steps  by  which  the  Blood  is  elaborated  and 

•  "  PMlosopMcal  Transactions,"  1846,  p.  633. 
t  For  a  fuller  discussion  of  the  of&ce  of  the  '  Vascular  Glands'  than  the  limits  of  the 
present  treatise  allow,  see  the  Author's  "Principles  of  Human  Physiology"  (4th  Ed.), 
§§  481 — 491.    Some  novel  and  important  anatomical  details  will  be  found  in  Dr.  Franz 
Leydig's  "  Anatomisch-Histologische  Untersuchungen  liber  Fische  und  Reptilien,"  1853. 
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prepared  for  cu-culation  througli  the  body,  we  have  now  to  consider  tlie 
mud  as  a  whole,  and  to  study  the  nature  of  its  chief  constituents  and  the 
properties  which  they  impart  to  it.— The  Blood,  whilst  circulating  in  the 
living  vessels,  may  be  seen  to  consist  of  a  transparent,  nearly  colourless 
fliud,  termed  Liquor  Sanguinis;  m  which  the  Red  Corimscles,  to  which 
the  Blood  of  Vertebrata  owes  its  peculiar  hue,  as  well  as  the  White  or 
Colou7iess  corpuscles,  are  freely  suspended  and  carried-along  by  the  cur- 
rent.— On  the  other  hand,  when  the  blood  has  been  drawn  from  the 
body,  and  is  allowed  to  remain  at  rest,  a  spontaneous  coagulation  takes 
place,  separating  it  into  Clot  and  Serum.  The  clot  is  composed  of  a  net- 
work of  Fibrin,  in  the  meshes  of  which  the  Gorjmsdes,  both  red  and 
colourless,  are  involved;  and  the  serum  is  nothing  else  than  the  liquor 
sanguinis  deprived  of  its  Fibrin.  When  the  Senim  is  heated,  it  coagu- 
lates, showing  the  presence  of  Albumen.  And  if  it  be  exposed  to  a  high 
temperature,  sufficient  to  decompose  the  animal  matter,  a  considerable 
amount  of  earthy  and  alkaline  Salts  remains. — Thus  we  have  four  prin- 
cipal components  in  the  Blood ; — namely.  Fibrin,  Albumen,  Coi-puscles, 
and  Saline  matter.  In  the  circulating  Blood  they  are  thus  combined  :* — 

Fibrin  1 

Albumen  >  In  solution,  forming  Liquor  Sanguinis. 

Salts  ) 

Red  Corpuscles, — Suspended  in  Liquor  Sanguinis. 
But  in  coagulated  blood  they  are  thus  combined : — 

Eed"  Corpuscles,  \  C^assamentum  or  Clot. 

Salts™^'^  I  -^smaining  in  solution,  forming  Senun. 

The  solid  matter  of  the  blood  also  contains  various  Fatt9/  substances 
which  may  be  removed  from  it  by  ether.  Some  of  these  ajopear  to  cor- 
respond with  the  constituents  of  ordinary  Fat;  whilst  another  contains 
phosphorus,  and  seems  allied  to  the  pecu.liar  fatty  acids  contained  within 
the  vesicles  and  tubes  wliich  form  the  nervous  tissue  (these  phosphorised 
fats  being  found  cliiefly,  if  not  exclusively,  in  the  red  corpuscles) ;  and 
another  has  some  of  the  properties  of  Cholesterine,  the  fatty  matter  of  the 
Bile  (§  413).; — Besides  these,  there  are  certain  substances  known  under 
the  name  of  Extractive;  one  group  of  which  is  soluble  in  water,  and 
another  in  Alcohol.  Of  the  precise  nature  of  these,  little  is  known. 
They  have  been  aptly  termed  '  ill-defined  '  animal  principles ;  and  it  is 
probable  that  they  include  various  substances  in  a  state  of  change,  as  well 
progressive  (that  is,  intermediate  between  the  crude  material,  and  the 
tissue  for  whose  nutrition  they  are  being  prepared),  as  retrograde  (being 
j)roducts  of  the  disintegration  of  the  tissues,  on  their  way  to  the  excretory 
organs).  To  the  former  category  probably  belong  the  bodies  wliich  have 
been  designated  by  Mulder  as  the  binoxide  and  the  tritoxide  of  jDrotein; 
of  wliich  the  fii'st  seems  to  be  albuminous  matter  undergoing  a  change 
into  the  substance  of  hair,  whilst  the  second  appears  to  be  similai-ly  related 

*  The  corpuscles  of  Frog's  blood  may  be  separated  from  the  liquor  sanguinis  by  filtra- 
tion ;  but  this  experiment  cannot  be  performed  with  Human  blood,  because  its  corpuscles 
are  small  enough  to  pass  through  the  pores  of  any  filter  that  allows  the  liquor  sanguinis  to 
permeate  it. 
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to  the  gelatinous  tissues.  Under  the  latter,  on  the  other  hand,  rank 
sugar,  urea,  uric  and  Inppurie  acids,  creatine  and  crea  mine  &c.  which 
have  been  detected  in  it  in  very  niinute  proportion  m  the  state  of  health, 
but  which  accumulate  in  larger  amount  if  their  elimination  be  in  any 

'""Trf^Thf  proportion  of  these  components  varies  greatly  in  the  different 
classes  and  orders  of  Animals.    Thus  in  Man,  in  a       « ^J^^.^^^^*^' 
may  reckon  the  whole  soHd  matter  of  the  blood  at  about  205  parts  m 
1000;  the  proportion  of  the  several  components  averaging  nearly  as 
follows  :* — 

Fibi-in  

Corpuscles  

Solids  (  Albumen  , , 

of    ]  Extractive  Matters  and  Salts   

Serum  (  Fatty  matters  

In  Carnivorous  MammaHa,  the  average  proportion  of  corpuscles  is 
.n-eater,  whilst  that  of  tlie  solids  of  tbe  serum  is  somewhat  less,  the  hbrm 
remaining  the  same.  On  tlie  other  hand,  in  Herbivorous  Mammaha,  the 
proportion  of  corpuscles  is  considerably  less,  that  of  the  sohds  of  the  serum 
is  about  the  same,  but  that  of  the  fibrin  seems  to  be  above  the  human 
average.  In  Birds,  the  total  amount  of  solid  matter  is  greater  than  m 
the  average  of  Mammals ;  the  excess  being  especially  m  the  Eed  Cor- 
puscles. In  the  cold-blooded  Yertebrata,  on  the  other  hand,  the  propor- 
tion of  solid  matter,  and  especially  of  the  Corpuscles,  is  gi-eatly  reduced; 
and  the  blood  is  manifestly  paler  and  thinner.— In  the  blood  of  Man  and 
the  Mammalia  in  general,  the  Colourless  Corpuscles  usually  bear  a  small 
proportion  to  the  Red;  and  being  nearly  of  the  same  aspect,  they  have 
imtil  recently  attracted  hut  little  notice.  In  Reptiles  and  Fishes,  how- 
ever, they  differ  so  much  in  form,  size,  and  general  appearance,  that  they 
force  themselves  on  the  attention,  even  whilst  the  blood  is  moving  through 
the  capillaiies ;  and  they  are  the  more  easily  watched,  owing  to  the  com- 
paratively small  number  of  Red  corpuscles,  to  which  they  are  found  to 
bear  an  increasing  proportion  as  we  descend  through  the  lower  orders  of 
the  class  of  Fishes,  until  we  come  at  last  to  the  Amphioxus,  in  whose 
blood  the  red  corpuscles  are  altogether  wanting. — Of  the  relative  amount 
of  Fibrin  in  the  blood  of  different  animals,  no  other  estimate  has  been 
formed,  than  that  which  rests  upon  the  coagulating  power  of  the  liquid, 
which  is  much  weaker  in  cold-blooded  than  in  warm-blooded  Vertebrata. 
— Of  the  variations  in  the  proportions  of  other  constituents,  stUl  less  is 
known. 

374.  The  new  arrangement  of  the  elements  of  the  Blood,  which  takes 
place  when  it  is  withdrawn  from  the  living  body  and  left  to  itself,  or  even 
within  the  body  when  its  vitality  is  lost,  consists  chiefly  in  the  passage 
of  its  Fibrin  from  the  state  of  solution  to  that  of  a  fibrous  network,  in 
the  meshes  of  which  the  Corpuscles  are  included.  The  rapidity  of  this 
change,  and  the  completeness  of  its  result,  vary  considerably ;  but  are 
usually  in  an  inverse  ratio  to  each  other.  When  the  fibrin  is  imper- 
fectly elaborated,  so  that  the  coagulum  is  deficient  in  firmness,  the  process 

*  For  the  basis  of  this  computation,  which  differs  considerably  from  the  iisual  statement 
in  the  small  proportion  of  Albumen  and  the  large  proportion  of  Corpuscles,  see  the 
Author's  "  Human  Physiology"  (4th  Ed.),  §  154. 
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generally  takes  place  raiiidly,  aud  is  soou  completed ;  but  when  it  has 
undergone  a  higher  degree  of  assimilation,  so  that  it  transforms  itself  into 
a  definite  fibrous  tissue,  the  process  is  comparatively  slow.  The  most 
])erfect  fibrillation  is  seen,  not  in  blood  itself,  but  in  those  efiusions  of 
modified  liquor  sanguinis,  known  as  'plastic'  or  'organizable  lymph,' 
which  are  thrown-out  in  the  inflammatory  process,  or  are  eifused  in  the 
fii'st  stage  of  the  rejoarative  operation  consequent  upon  an  injury.  This 
may  be  due  in  part  to  the  higher  elaboration  of  the  fibrin  itself;  and  in 
part  to  the  influeuce  of  vital  force  imparted  from  the  living  solids  around 
(§  343).  If  the  influence  of  the  living  surface  be  continued,  and  vessels 
shoot  from  it  into  the  primitive  tissue  so  formed,  this  becomes  pai-t  of  the 
organised  fabric ;  and  thus  we  see  that  coagulation  is  not  an  indication  of 
the  death  of  the  plastic  fluid,  but  is  a  stage  in  its  metamorphosis  into  a 
living  solid.  The  tissue  thus  produced,  however,  is  of  a  low  order,  and  veiy 
prone  to  degenerate.  When  the  blood  has  been  withdi-awn  fiL-om  the 
body,  so  that  the  coagulation  takes  place  without  any  influence  from  a 
living  sui'face,  the  fibrillated  mass  soon  passes  into  decomposition ;  so  that 
the  process  may  then  be  considered  as  the  last  act  of  the  life  of  the  vital 
fluid.  Even  under  the  most  favoirrable  circumstances,  it  does  not  seem 
that  the  plastic  force  of  the  blood,  or  of  the  plasma  efiused  from  it,  is 
able  to  develope  any  form  of  tissue  higher  than  cells  or  simple  fibres  ;  for 
these  are  the  sole  kinds  of  organised  structure,  which  ever  directly  result 
from  the  development  of  the  '  nucleated  blastema '  thrown-out  for  the 
repair  of  injuries.  And  under  less  favourable  cii-cvimstances,  the  same 
material  resolves  itself  into  a  substance,  j^its,  of  far  inferior  character,  in 
which  no  further  organisation  can  ever  take  place,  and  which  is  only  fit, 
therefore,  to  be  cast  out  of  the  system. 

375.  The  Albumen  of  the  blood  must  be  looked-upon  as  the 2yabulu')n, 
at  the  ultimate  exj)ense  of  which  are  formed  all  the  azotiiied  solids  of  the 
Animal  body,  as  well  as  the  fibrin,  globulin,  and  hsematin  of  the  blood 
itself,  and  the  albuminoid  constituents  of  the  secretions.  It  appears,  how- 
ever, to  be  entii'ely  destitute  of  any  formative  capacity ;  for  in  no  exuda- 
tion which  is  i^urely  serous,  do  we  ever  trace  the  slightest  indication  of 
spontaneous  organisation  j  and  its  conversion  into  the  various  kinds  of 
tissue,  therefore,  must  be  entirely  due  to  their  power  of  appropriating 
and  transforming  it.  Still,  the  albumen  of  the  blood  is  by  no  means  iden- 
tical with  the  raw  material  supplied  by  the  digestive  process ;  for,  as 
already  shown,  an  assimilating  action  is  exerted  upon  it  by  the  Liver 
(§  366),  and  probably  also  by  the '  Vascular  Glands'  generally,  by  which 
it  is  prepared  for  the  organisation  it  is  finally  to  imdergo. — The  Fibrin 
of  the  blood  has  been  very  commonly  regarded  (as  formerly  by  the  Author 
of  this  treatise)  as  that  element  which  is  immediately  drawn-iqjon  in  the 
operations  of  nutrition ;  being  the  intermediate  stage  between  the  crxide 
albumen  and  the  solid  tissues.  This  opinion  rested  in  part  upon  the  cm- 
rent  doctrine,  that  fibrin  is  the  constituent  of  muscle;  and  in  part  upon 
the  assumption,  that  as  fibrin  is  more  endowed  with  vital  properties  than 
any  other  of  the  liquid  comjaonents  of  the  blood,  so  as  to  be  capable  of 
passing  by  itself  into  the  condition  of  an  organised  tissue,  it  must  be  the 
one  most  readily  appropriated  by  the  various  parts  of  the  solid  fabric,  as 
the  material  of  their  growth  and  development.  It  is  now  certain,  hoAv- 
ever,  that,  so  far  from  there  being  any  corres2)ondence  betAveen  blood- 
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fibrin  and  muscular  substance,  there  is  a  very  decided  difference  between 
them,  muscle-substance  in  fact,  being  more  like  albumen;    whilst  as  the 
fibrous  reticiUation  formed  by  the  coagulation  of  fibrin  bears  more  re- 
semblance to  the  white  fibrous  tissue,  than  to  any  other  tissue  m  the 
body  it  would  seem  as  if  its  special  endowments  had  reference  more  to 
the  formation  of  this  simple  connective  material,  than  to  the  nutrition  of 
tissues  of  higher  endowments.    And  this  view  is  confirmed  by  the  fact, 
that  the  points  in  which  fibrin  difi^ers  chemically  from  albumen,  are  such 
tis  indicate  some  relationship  to  gelatin.    We  seem  justified  m  regarding 
fibrin,  therefore,  as  the  special  pabulum  of  those  connective  tissues,  whose 
vital  endowments  are  so  low;  and  as  serving,  by  the  peculiar  formative 
power  which  it  derives  from  the  special  elaboration  it  has  received,  for 
the  independent  generation  of  those  tissues,  wherever  and  whenever  there 
may  be  a  demand  for  them.  Independently  of  any  such  office  in  the  general 
economy,  however,  the  importance  of  fibrin  as  a  constituent  of  the  blood 
cannot  be  over-estimated :  for  on  the  viscidity  which  it  imparts,  the  re- 
tention of  the  blood  within  the  walls  of  the  vessels,  and  even  its  unob- 
structed movement  through  them,  appear  (from  the  experiments  of  Ma- 
gendie)  to  be  due ;  and  it  is  entirely  on  the  coagulating  power  of  the  blood, 
that  the  cessation  of  hemorrhage  from  even  the  most  trifling  injuries,  is 
dependent ;  whilst  the  adhesion  of  incised  wounds,  still  more  the  filling- 
up  of  breaches  of  substance,  require  as  their  first  condition,  that  either 
the  blood,  or  matter  exuded  from  it,  should  be  able  to  assume  the  form 
of  fibrous  tissue,  t 

376.  The  offices  of  the  Eed  Corpuscles  of  the  blood  are  still  involved  in 
considerable  obscurity.  They  are,  in  fact,  floating  cells  filled  with  a  mix- 
tm-e  of  substances,  the  composition  of  which  diflfers  considerably  from  that 
of  the  liquor  sanguinis  which  sui-rounds  them.  For  the  principal  organic 
constituent  of  this  mixture  is  the  substance  termed  Globulin,  which  is 
allied  to  albumen  in  the  proportions  of  its  ultimate  elements,  but  which 
difiers  from  it  in  certain  of  its  reactions ;  and  with  this  is  associated  the 
peculiar  colouring  substance  Hcematin,  which  departs  widely  in  composi- 
tion both  from  albumen  and  gelatin,  and  contains  7  per  cent,  of  iron ;  the 
proportions  of  these  two  compounds,  in  the  fluid  of  the  red  corpuscles, 
being  about  17  of  the  former  to  1  of  the  latter.  The  phosphorised  fats 
of  the  blood,  again,  are  contained  within  the  red  corpuscles ;  and  these 
also  include  nearly  the  whole  of  the  potash-salts  which  the  blood  may 
possess,  the  alkalinity  of  the  liquor  sanguinis  being  due  to  soda.;}:  Now, 
as  the  former  of  these  last-named  peculiarities  indicates  a  relationship  be- 
tween the  Red  corpuscles  and  the  Nervous  system,  which  is  further  ren- 
dered probable  by  the  presence  of  a  pigmentary  matter  much  resembling 


*  See  Liebig,  in  "  Ann.  der  Chem.  unci  Pharm.,"  Bd.  Ixxii. 

+  A  reaction  has  recently  taken  place  agaiast  the  once-prevalent  doctrine  that  Fibrin  is 
the  iramedinte pabulmn  of  the  soUd  tissues  generally;  the  hypothesLs  having  been  put- 
forth  by  Zimmennan,  and  espoused  by  Mr.  Simon  and  some  other  Pathologists  in  this 
country,  that  Fibrin  is  one  of  the  elements  of  the  circulating  fluid,  which  is  in  a  state 
of  retrograde  metamorphosis,  and  is  therefore  on  its  way  to  be  eliminated  by  the  excretory 
organs.  The  Author's  objections  to  this  doctrine,  and  a  fuller  view  of  the  relations 
of  Fibrin  to  the  animal  economy,  wUl  be  found  in  his  "Human  Physiology"  (4th  Ed.), 
§§  192,  193. 

t  See  Dr.  G.  0.  Reesin  "  Pliilosophical  Magazine,"  Vol.  xxiii.,  p.  28  ;  and  Lehmann's 
"Lehrbuch  der  Physiologischen  Chemie"  (2nd  Ed).,  Band  II.,  p.  131. 
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hsematm  in  the  grey  vesicles  of  tlie  nervous  centres;— and  as  the  latter 
indicates  ^  like  special  relationsliip  with  the  Muscular  substance,  which 
(as  Liebig  has  shown)  is  as  remarkable  as  the  red  corpuscles  for  the 
almost  exclusive  presence  of  ^wtos/t-salts,  whilst  the  liquor  sanguinis  is 
charged  with  soda;^ — we  may  perhaps  surmise  withoiit  much  improbability, 
that  it  is  one  special  object  of  the  red  corpuscles  to  prepare  or  elaborate 
materials,  which  are  to  become  subservient  to  the  nutrition  of  these 
tissues.  Moreover,  as  the  corpuscles  seem  to  possess  more  power  of 
absorbing  oxygen  and  carbonic  acid,  than  do  any  other  constituents  of  the 
blood,  we  may  look  upon  them  as  specially  (but  not  exclusively)  carriers 
of  those  gases  between  the  respiratory  organs  and  the  tissues  (§  207) ; 
and  in  so  doing,  they  will  be  peculiarly  subservient  to  the  vital  activity  of 
the  ISTei-vo-muscular  apparatus,  since  it  is  one  of  the  special  conditions  of 
its  energetic  operation,  that  oxygen  shall  be  conveyed  to  it  by  the 
arterial  current,  and  that  carbonic  acid,  which  is  one  of  the  products  of 
its  disintegration,  shall  be  conveyed  away.  And  this  view  is  in  com- 
plete harmony  with  the  fact,  that  the  proportion  of  Red  Corpuscles  iathe 
blood  bears  a  close  relation  to  the  amount  of  Respiratory  power  in  dif- 
ferent classes  of  Yertebrata;  being  greatest  in  Birds,  nearly  as  great  in 
Mammals,  very  low  in  most  Reptiles,  and  varying  considerably  among 
Fishes. — Still  greater  difl&culty  exists  in  determining  the  functions  of  the 
White  or  Colourless  Corpuscles,  which  have  not  been  obtained  for  analysis 
in  a  separate  state,  and  of  whose  composition,  therefore,  nothing  certain 
is  known.  Their  close  correspondence  with  the  colourless  corpuscles  of 
the  blood  of  Invertebrata,  and  the  appearances  occasionally  presented  by 
them,  indicative  of  a  2:)rogressive  transformation  into  red  corpuscles,  justify 
the  inference  that  they  are  to  be  considered  as  holding  an  intermediate 
place  between  the  nuclear  corpuscles  of  the  Chyle  and  Lymph  (together 
with  those  of  the  '  Vascular  Glands,'  which  also  probably  find  their  way 
into  the  blood-current),  and  the  completely-developed  coloured  cells.  Yet 
there  are  indications  that  during  this  transition-stage  of  their  develop- 
ment, they  exert  an  influence  in  the  production  of  the  fibrinous  consti- 
tuents of  the  blood;  and  it  does  not  seem  impossible  that  under  the 
general  designation  '  colourless  corpuscle,'  more  than  one  kind  of  cell  may 
be  ranked.* 

377.  The  Fatty  matters  of  the  blood  are  obviously  destined  to  fui-nish 
the  contents  of  the  adipose  and  nervous  vesicles ;  whilst  their  presence 
seems  also  to  be  required  in  the  early  stages  of  the  production  of  cells 
generally.  One  of  the  principal  sources  of  their  expenditure,  however, 
is  that  combustive  process  by  which  the  heat  of  the  body  is  maintained 
(§  116);  and  the  amount  deposited  in  the  tissues  as  fat,  may  be  looked-upon 
as  the  surplus  of  the  quantity  ingested,  over  and  above  that  which  is 
thus  consumed.  The  quantity  of  fatty  matter  in  the  blood  is  liable  to 
sudden  augmentation,  from  the  introduction  of  a  large  quantity  furnished 
at  once  by  the  alimentary  materials,  so  that  the  serum  presents  the  milky 
aspect  of  chyle ;  and  this  excess  will  continue,  until  the  sui-plus  has  been 
eliminated,  either  by  the  combustive,  the  nutritive,  or  the  excretoiy 
operations. — Of  the  uses  of  the  various  Inorganic  Compounds,  which,  as 
being  uniformly  present  in  the  Blood,  must  be  considered  among  its 

*  For  a  discussion  of  this  question,  see  the  Author's  "Human  Physiology"  (4th  Ed.), 
§§  195,  196. 
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intec^ral  constituents,  the  foUowing  maybe  considered  to  be  those  best 
etern^ined.  The  presence  of  the  phosphate  and  carbonate  of  Soda 
een  s  to  have  reference  chiefly  to  the  maintenance  of  the  alkalinity 
of  the  blood  on  which  its  power  of  holding  albummons  matters  m  solu- 
tneZll^lj  depends,  but  has  also  the  very  important  office  of  increas- 
i^the  absoiptivi  power  of  the  serum  for  gases;  whilst  chloride  of 
sodium  is  neided  alike  for  the  conservation  of  the  organic  components 
of  blood  in  their  normal  condition,  and  for  the  supply  of  the  salt 
wMch  enters  into  the  composition,  not  only  of  the  solid  t--s  "  ^ 
all  the  secreted  fluids,  as  also  to  furnish  the  hydi-ochloric  acid  of  the  gastric 
fluid  (§  163)  and  the  soda  of  the  bile  (§  413)  The  salts  of  Potash,  on 
the  other  hand,  appear  to  be  specially  required  for  the  nutrition  of  the 
muscular  substance  ;  while  the  Earthy  salts  are  requu-ed  for  the  consoli- 
dation of  the  harder  tissues,  into  which  some  of  them  enter  very  largely. 
Iron,  like  the  alkaline  salts,  appears  to  have  some  essential  pm-pose  m 
the  blood  itself,  since  it  enters  into  the  composition  of  the  red  corpuscles 
in  larger  proportion  than  it  does  into  any  of  the  solid  tissues ;  and  its 
presence  in  sufficient  amount  is  an  essential  condition  of  their  pro- 
duction. ,  nil 

378.  Although  the  proportions  of  the  different  components  of  the 
Blood  of  Man,  or  any  other  of  the  higher  animals,  are  continually  under- 
^oincr  change  by  the  introduction  of  new  materials,  and  by  the  perpetual 
with'^h-awal  of  those  which  have  become  prepared  for  the  production  of 
tissues,  yet  all  such  changes  have  their  limits;  and  taken  as  a  whole,  the 
composition  of  this  fluid,  in  each  species,  exhibits  such  a  remarkable  con- 
stancy (within  the  limits  of  health),  that  we  can  scarcely  fail  to  recognize 
in  it  some  such  capacity  for  self-development  and  maintenance,^  as  that 
of  which  we  admit  the  existence  in  the  solid  tissues.  And  this  idea  will 
be  foimd  less  strange,  when  it  is  borne  in  mind  that  the  first  blood  is 
formed  by  the  liquefaction  of  the  primordial  cells  of  the  embryo ;  and 
that,  notwithstanding  the  continual  change  in  its  components,  it  still 
retains  its  identity  through  life,  in  no  less  a  degree  than  a  limb  or  an  eye ; 
the  material  changes  in  which,  though  less  rapid,  are  not  less  complete. 
Looking  again,  to  the  nndoubted  vitality  of  the  Corpuscles,  and  to  the 
strong  groimd  for  regarding  the  Fibrin  also  as  possessing  vital  endow- 
ments, we  cannot  but  perceive  that  the  Life  of  the  Blood  is  as  legitimate 
a  phrase,  and  ought  to  carry  as  much  meaning  in  it,  as  the  Life  of  a 
Muscle. 

379.  We  shall  now  enquire  how  far  any  approximation  can  be  found 
among  the  lower  tribes  of  Animals,  to  that  process  of  Assimilation,  whose 
principal  steps  have  thus  been  traced  in  the  beings  of  highest  organiza- 
tion. We  may  observe,  however,  in  the  first  instance,  that  there  are  two 
reasons  why  the  first  approaches  to  such  an  operation  might  be  expected 
to  be  very  slightly  marked.  For,  in  the  first  place,  in  proportion  to  the 
homogeneousness  of  the  fabric  of  the  body,  and  to  the  absence  of  speciali- 
zation in  its  functions,  might  we  anticipate  that  the  composition  of  the 
nutritive  fluid  would  be  simple,  and  its  vital  endowments  low.  And,  se- 
condly, in  proportion  as  the  several  parts  live  /or  and  &y  themselves,  should 
we  expect  to  find  a  want  of  specialization  in  the  apparatus  of  assimila- 
tion ;  the  nutritive  fluid  being  rather  elaborated  by  its  contact  with  the 
living  solids  of  the  body  generally,  than  by  its  passage  through  any 
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As  Dr  T  Wni  ^  ^Sency  of  its  own  floating  corpuscles, 
hvntn  ;  ^"^^'^"^^  J}^«%  remarkecV*  the  solids  of  the  loTver  Inverte- 
brata  are  more  completely  saturated  ^yith  their  fluids,  than  they  are  in 
^igher  animals  ;  and  there  is,  therefore,  the  greater  probability  that  the 
trnids  undergo  a  preparatory  change,  either  in  the  interior-of,  or  between, 
their  cells,  to  qualify  them  for  the  work  of  histogenesis.— In  all  Foh/- 
pijera  it  will  be  remembered  that  the  general  cavity  of  the  body  commui^- 
cates  freely  with  the  gastric  cavity;  so  that  the  fluid  which  passes  into  it 
tor  the  purposes  of  nutrition,  must  be  regarded  as  the  immediate  product 
ot  digestion,  or  as  chyme.  This  fluid  contains  scattered  cori^uscles,  by  the 
movement  of  which  its  own  motions  are  recognized;  and  these  corpuscles 
are  minute  spherical  particles,  appaa-ently  albuminous,  mingled  with  oil- 
particles.  bome  few  appear  to  be  nucleated,  whilst  others  are  charged 
with  minute  granules;  and  in  Actinia,  according  to  Dr.  T.  Williams,  they 
are  occasionally  seen  to  contain  secondary  cells.  The  fluid  that  has 
remained  for  a  time  in  the  splanchnic  cavity,  is  found  to  contain  a  small 
quantity  of  Albumen;  but  it  undergoes  no  spontaneous  coagulation.— In 
Acalephce,  too,  the  only  nutritive  fluid  is  the  chymous  product  of  diges- 
tion, which  moves  in  the  gastro-vascular  system.  Its  corpuscles  are  larger 
than  those  of  Zoophytes,  and  are  more  laden  with  granular  and  adipose 
contents:  their  ceU-membrane,  too,  is  more  distinct;  and  they  some- 
times present  a  blueish  tint.  The  fluid  in  wliich  they  float  has  a  'mo- 
lecular base ; '  but  it  gives  no  indication  of  the  presence  of  fibrin.  A 

higher  type,  however,  is  attained  in  Echinodermata.  The  splanchnic 
cavity  being  here  shut-ofi"  completely  from  the  alimentary  canal,  the  fluid 
which  it  contains  must  be  Kkened,  not  to  chyme,  but  to  chyle ;  but  its  charac- 
ters do  not  show  any  decided  advance  upon  those  of  the  preceding.  Its 
corpuscles,  indeed,  are  described  by  Dr.  T.  Williams  as  looking  like 
spherules  composed  of  hard  and  very  minute  granules  of  coagulated 
albumen,  without  any  detectible  nucleus  or  cell-wall,  destitute  of  oily 
particles,  and  readily  diff'used  into  their  individual  molecules ;  in  all  these 
particulars  being  less  advanced  (if  Ms  description  be  correct)  than  the 
vesicular  corpuscles  of  the  classes  already  named.  The  fluid  is  rendered 
cloudy  by  heat  and  nitric  acid ;  but  though  albumen  is  thus  indicated, 
there  is  no  trace  of  fibrin.  The  fluid  of  the  (so-called)  sanguiferous 
system  (§  215)  difiers  from  that  of  the  splanchnic  cavity  in  no  other 
respect,  than  in  containing  a  larger  jDropoi-tion  of  solid  constituents ;  and 
it  seems  not  improbable  that  the  puriDose  of  this  system  is  only  to  con- 
centrate (so  to  speak)  the  nutritive  force  of  the  chylaqueous  fluid  upon 
some  of  the  more  important  viscera,  and  not,  as  in  higher  animals,  to 
distribute  a  fluid  of  more  special  endowments.  In  the  Sipunculida, 
which  form  a  link  between  this  class  and  the  Annelida,  the  corpuscles 
are  flat  and  irregularly-oblong ;  each  has  a  bright,  small,  highly-refractive 
nucleus;  and  the  colour  is  dissolved  in  the  fluid  between  the  nucleus  and 

*  "Brit,  and  For.  Med.  CHr.  Eeview.,"  Vol.  XII.,  p.  484.— The  details  in  the  text,  on 

the  subject  of  the  nutritire  fluids  of  the  Invertebrata,  have  been  derived  in  part  from  Dr.  T. 
Williams's  Papers  in  that  Journal,  and  from  his  Memoir  '  On  the  Blood-proper  and  Chyl- 
aqueous Fluid,'  in  "Philos.  Transact.,"  1852;  and  partly  from  Mr.  Wharton  Jones's 
Memoirs  '  On  the  Blood-Corpuscle  considered  in  its  different  phases  of  development  in  the 
Animal  series,'  in  "  Philos.  Transact.,"  1846. — In  the  interpret af ion  of  these  facts,  how- 
ever, (especially  in  regard  to  what  is  to  be  considered  as  blood  in  the  Annelida),  tlie  Author 
has  followed  his  own  judgment. 
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the  cell-wall— thus  remarkably  foreshadowing  the  regiilai-  blood-corpuscle 

of  higher  animals.  a  ^-    i  ,  i 

380  Passino-  on,  now,  to  the  lowest  members  of  the  Articulated  series, 
we  first  come  "to  those  Cestoid  Entozoa,  among  which  no  distinct  nutri- 
tive fluid  can  be  said  to  exist;  their  aliment  being  provided,  not  by  a 
process  of  gastric  digestion,  but  by  direct  imbibition  through  their  entire 
surface.  And  in  the  Trematoda,  whose  digestive  sac  is  so  closely  em- 
braced by  the  surrounding  tissues  that  there  is  no  proper  gastric  cavity, 
we  retiu-n  to  the  Zoophytic  type,  in  which  the  immediate  product  of 
dicrestion  is  applied  to  the  purposes  of  nutrition.  This  chymous  fluid  of 
the  gastric  ctxjca  accordingly  presents  a  richly-corpusculated  aspect;  its 
corpuscles  not  being  formless  molecules,  but  consisting  of  a  cell-wall  and 
granular  contents,  frequently  with  a  definite  nucleus;  and  exhibiting 
constant  differences  in  diff"erent  species.  Where  any  fluid  can  be  dis- 
tinguished in  the  perigastric  areoliB,  it  is  non-corpusculated ;  as  is  also 
the*fluid  of  the  '  aquiferous'  system  of  vessels,  alike  in  the  Entozoa  and 
Turbellaria,  notwithstanding  that  is  frequently  coloured.'"'  In  the  Nema- 
toid  Entozoa,  a  distinct  perigastric  cavity  exists ;  and  the  fluid  which  it 
contains,  though  rich  in  albumen,  is  destitute  of  corpuscles.  The  absence 
of  these  may  not  be  improbably  due  to  the  circumstance  that  the  nutri- 
tive fluid  has  already  undergone  the  requisite  elaboration  in  the  body 
of  the  animal  from  which  it  is  drawn  by  these  parasites ;  just  as  the  vege- 
table parasites  which  derive  their  supply  from  the  elaborated  sap  of  the 
plants  they  infest,  have  no  leaves  wherewith  to  exercise  any  converting 
power  upon  it  for  themselves  (§  356).— The  curious  question  which  next 
presents  itself,  in  regard  to  the  circulating  fluids  of  the  Annelida,  has 
already  been  more  than  once  alluded-to  (§§  219,  292).  The  fluid  of  the 
splanchnic  cavity  here  presents  a  character  very  nearly  corresponding 
with  that  of  the  fully-elaborated  chyle  of  Yertebrata,  save  that  it  is  not 
so  opalescent.  Its  usual  characters  may  be  peculiarly  well  seen  in  the 
ch-rhi  of  the  Terebella;  where  it  is  observed  to  be  a  somewhat  milky  liquid, 
containine  large  oval  flattened  vesicles,  filled  with  oil-molecules  and 
gi'anules,  with  other  fusiform  corpuscles,  destitute  of  granular  contents 
and  pellucid.  It  is  stated  by  Dr.  T.  WilHams,  that  the  larger  corpuscles 
not  unfi-equently  burst  in  the  field  of  the  microscope,  and  that  their 
semi-fluid  contents  coagulate  as  they  flow  out.  The  fluid  itself  is  albu- 
minous. The  size,  form,  and  general  characters  of  the  corpuscles  differ  in 
different  species  of  this  group ;  and  two  instances  are  recorded  by  Dr.  T. 
"Williams,  in  which  the  corpuscles  have  a  decided  red  tint.t    On  the 

*  See  Dr.  T.  Williams,  in  "Ann.  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  XII.,  p.  333,  et  seq. 
— The  aquiferous  system  of  vessels  in  these  tribes  is  designated  by  Dr.  T.  Williams  as  un- 
doubtedly '  chylaqueous ;'  on  what  principle,  however,  the  Avithor  must  confess  himself  to  be 
at  a  loss  even  to  guess.  The  existence  of  the  '  water-vascular  system'  is  altogether  ignored 
by  Dr.  Williams ;  the  general  correctness  of  whose  interpretations  may  be  in  some  degree 
estimated  by  the  fact,  that  he  asserts  "the  large  branched,  flocculent  organ,  forming  the 
bulk  of  each  segment  in  7'(mia  and  Bothriocephahts,'"  which  all  other  zoologists  and  anato- 
mists without  exception  regard  as  an  ovary,  to  be  "  really  the  alimentaiy  organ,  opening 
externally  by  an  orifice  proper  to  each  segment !" 

t  These  are  the  genera  Glyccra  and  Clymene,  the  former  of  which  has  been  stated  by 
M.  De  Quatrefages  to  have  coloured  globules  in  its  blood,  the  liquid  itself  being  colourless. 
The  Author  cannot  but  think  it  probable  that  this  generally-accurate  observ-er  has  been 
misled  in  his  interpretation  by  the  unusual  nature  of  the  phenomenon  ;  and  believes  it  to 
be  much  more  likely  that  the  '  chylaqueous  fluid'  of  an  Annelid  should  have  coloured  cor- 
puscles, than  that  its  '  blood'  should  have  corpuscles  floating  in  a  colourless  fluid. 
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other  hand,  the  fluid  wliich  ia  commonly  designated  as  tlie  '  blood'  of  tlie 
Annelida  is  destitute  of  any  morphotic  elements  whatever,  and  cannot 
be  observed  either  to  fibrillate  or  to  coagulate  by  heat.  It  possesses, 
therefore,  none  of  the  attributes  of  true  blood,  save  its  coloiu' ;  and  can 
scarcely  be  supposed  to  take  any  considerable  share  in  the  nutrition  of 
the  body,  for  which  it  is  obvious  that  provision  is  made  in  that  difiusion  ' 
of  the  chylaqueous  fluid,  which  is  so  elaborate  in  many  instances  as  to  con- 
stitute a  real  circulation.  Its  colour,  in  fact,  which  is  sometimes  pale- 
yellow  or  orange,  sometimes  of  a  full  red  or  green,  is  its  chief  distinguish- 
ing attribute ;  yet  as  approximations  to  these  hues  are  exhibited  by  the 
contents  of  the  water-vascular  system  in  many  of  the  lower  Ai-ticulata, 
no  adequate  reason  is  hence  derivable,  for  assigning  to  it  a  character 
wliich  the  position  of  this  group  in  the  series  would  render  it  highly  im- 
probable that  it  should  possess.  As  already  pointed-out  (§  308),  the 
fluid  of  the  water-vascular  system  has  probably  an  exjDress  relation  to  the 
respiratory  function;  and  it  is  where  no  special  provision  exists  for  its 
aeration,  that  we  find  the  so-called  '  blood- vascular'  system  attaining  its 
highest  development.  If  the  view  ah-eady  given  of  its  homologies  should 
prove  correct,  it  is  obvious  that  it  is  the  chylaqueous  fluid  of  the  Anne- 
lida, and  not  their  blood,  which  is  homologous  with  the  blood  of  Insects 
and  Crustaceaj  for  althoiigh  their  nutritious  fluid  circulates  through  a  more 
defijiite  system  of  vessels  and  of  circumscribed  laciinse,  that  system  still 
communicates  fi'eely  with  the  visceral  cavity,  the  contents  of  which  are  of 
the  same  nature  with  theirs.  On  the  other  hand,  the  so-called  blood- 
vascular  system  of  the  Annelida  attains  a  development  to  which  nothing 
is  comparable  among  the  higher  Articulata,  save  that  of  the  tracheal 
apparatus,  with  which  it  may  be  considered  homologous.  It  is  remarked 
by  Dr.  T.  Williams,  that  for  some  time  after  the  emergence  of  the  young 
from  the  ovum,  and  before  the  development  of  the  branchial,  pedal,  and 
tentacular  appendages,  the  chylaqueous  fluid  contains  no  corpuscles ;  as 
the  worm  advances  in  growth  and  development,  the  corpiiscles  slowly 
appear ;  the  (so-called)  blood  and  blood-vessels  being  produced,  however, 
before  they  are  distinguishable. 

381.  The  higher  Articulata  are  characterized  by  one  general  type  of 
nutritive  fluid ;  that,  namely,  which  in  the  early  embryonic  condition  of 
most  among  them  is  obviously  '  chylaqueous,'  being  colourless  and  richly- 
corpiisculated,  and  moving  freely  in  the  splanchnic  cavity;  but  which 
gradually  becomes  more  limited  and  enclosed,  and  sometimes  imdergoes  a 
considerable  change  in  its  own  character.  In  the  adult  Myriapoda,  the 
corpuscles  are  very  numerous,  and  are  described  by  Dr.  T.  Williams  as  pre- 
senting three  principal  varieties: — 1,  a  large  peUucid  nucleus  surrounded 
by  a  few  granules;  2,  an  orbicular  body  in  which  the  granules  are  so 
augmented  in  niimber  as  almost  to  conceal  the  nucleus ;  3,  an  ovoid  or 
oat-shaped  corpuscle,  in  which  the  nucleus  has  reappeared.  In  none  of 
these  can  the  existence  of  a  proper  cell- wall  be  demonstrated;  but  theii- 
particles  seem  to  be  held-together  by  some  tenacious  self-coagulating 
substance;  for,  when  the  corpuscles  bui-st  in  the  field  of  the  microscope,  a 
fibrillation  is  seen  to  take  place  in  the  matter  that  is  set  free.  The  classes 
of  Insects,  Crustacea,  and  Arachnida  present  in  their  perfected  states  a 
more  advanced  form  of  the  same  corpuscle ;  the  tyjie  of  which  is  a  flat- 
tened oval  cell,  having  a  distinct  cell-wall,  and  a  conspicuous  nucleus, 
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surrounded  by  minute  granules,  the  contents  of  this  cell  fibrillatmg  when 
liberated  by  its  bursting.  It  has  been  observed  by  Mr.  Newport,*  that 
the  'oa^^shaped'  corpuscles  are  most  numerous  m  the  larva  at  the  period 
immediately  preceding  each  change  of  skin;  at  which  time  the  blood  is 
extremely  coagulable,  and  evidently  possesses  the  greatest  formative 
power  The  smallest  number  are  met-with  soon  after  the  change  ot  skin, 
when  the  nutrient  matter  of  the  blood  has  been  exhausted  in  the  produc- 
tion of  the  new  epidermic  tissue.  In  the  Pupa  state,  the  greatest 
number  are  found  at  about  the  3rd  or  4th  day  subsequent  to  the  change; 
when  preparations  appear  to  be  most  actively  going-on,  for  the  develop- 
ment of  the  new  parts  that  are  to  appear  in  the  perfect  Insect.  Alter 
this  there  is  a  gradual  diminution,  the  plastic  element  being  progressively 
withdrawn  by  the  formative  processes ;  until,  in  the  perfect  Insect,  very 
few  corpuscles  remain.  When  the  wings  are  being  expanded,  however, 
and  are  still  soft,  a  few  oat-shaped  corpuscles  circulate  through  their 
vessels;  but  as  the  wings  become  consolidated,  these  corpuscles  appear  to 
be  arrested,  and  to  break-down  in  the  circulating  passages;  supplying,  as 
Mr.  Newport  thinks,  the  nutrient  material  for  the  completion  of  these 
structures,  which  subsequently  undergo  no  change.  The  blood  of  Insects 
also  contains  cells  that  are  more  distinctly  nucleated;  the  proportion  of 
which  seems  to  increase  in  the  Imago  state,  whilst  that  of  the  more 
granular  oat-shaped  coi-puscles  diminishes.  The  blood  of  the  Crab  is 
described  by  Mr.  Wharton  Jones  as  possessing  a  pale  reddish-gray  or 
neutral  tint,  and  as  separating  spontaneously  into  a  spongy-looking  mass 
and  a  serous  fluid;  the  former  chiefly  consists  of  aggregated  corpuscles, 
there  being  apparently  but  little  fibrillating  material ;  the  latter  contains 
enough  albumen  to  cause  it  to  coagulate  by  heat.  The  corpuscles  are 
stated  by  Prof  Graham  to  contain  a  sensible  quantity  of  iron,  perhaps  as 
much  as  red  corpuscles,  t  Is  is  obvious,  therefore,  that  in  these  more 
elevated  forms  of  the  Articulated  series,  the  circulating  fluid  presents  a 
close  approximation  to  the  blood  of  Vertebrated  animals;  its  nearest 
representative  among  them,  perhaps,  being  the  chyle  of  the  thoracic 
duct. 

382.  In  ascending  through  the  Molluscous  series,  in  like  manner,  we 
find  a  like  gradation  in  the  character  of  the  circulating  fluid,  from  the 
thin  and  almost  watery  contents  of  the  visceral  sac  in  the  Bryozoa,  with 
a  few  minute  irregular  corpuscles  floating  in  it  here  and  there,  to  the 
richly-corpusculated  and  spontaneously-coagulable  blood  of  the  Cephalo- 
pods,  which  is  still,  however,  a  '  chylaqueous  fluid,'  in  so  far  as  it  passes 
through  the  splanchnic  cavity  in  the  course  of  its  circulation.  In  this,  as 
in  the  preceding  series,  a  gradation  in  the  character  of  the  morphotic 
elements  is  traced  by  Mr.  Wharton  Jones  (loc.  cit.)from  (1)  the  'coarse 
granule-cell'  (2)  to  the  '  fine  granule-cell,'  and  thence  to  (3)  the  '  colourless 
nucleated  cell',  which  is  the  highest  form  of  corpuscle  in  the  blood  of  Inver- 
tebrata.  All  these  stages  have  their  antitypes  in  the  chyle,  lymph,  and 
blood  of  vertebrated  animals ;  and  the  last-named  form  undergoes  a  further 
development  in  Oviparous  Vertebrata,  into  (4)  the  '  coloured  nucleated 
cell',  which  is  the  characteristic  type  of  their  blood-discs.  The  '  non- 
nucleated  coloured  cell',  which  constitutes  the  red  blood-disc  of  Mammals, 

*  "Philosophical  Magazine,"  May,  1845. 
t  "Philosophical  Transactions,"  1846,  pp.  89,  105. 
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IS  regai-dedby  Mr.  Wharton  Jones  as  the  escaped  nucleus  of  the  preceding, 
which  has  itself  taken  the  form  of  a  cell ;  but  other  observers  agree  in 
considering  it  a  more  advanced  stage  in  the  development  of  the  nucleated 
blood-cell  of  the  Oviparous  Vertebrata,  from  which  the  nucleus  has 
disappeared. 

383.  In  the  foregoing  account  of  the  formation,  composition,  and  pro- 
perties of  the  Blood,  it  has  been  shown  that  the  Albuminous  materials 
obtained  from  the  aliment,  or  received  back  from  the  body  itself,  are 
gradually  prepared  for  organisation,  whilst  yet  remaining  in  the  fluid 
state ;  and  that  when  they  have  attained  the  condition  of  Fibrin,  they 
have  been  so  far  modified  by  the  vitalising  influences  to  which  they  are 
subjected,  that  they  are  capable  of  spontaneously  passing  into  a  state  of 
incipient  organisation.  The  production  of  all  the  higher  forms  of  organ- 
ised tissiie,  however,  is  manifestly  dependent,  not  upon  the  plastic  proper- 
ties of  the  blood  alone,  hut  upon  the  Formative  powers  of  the  tissues  them- 
selves ;  each  tissue,  from  the  time  when  it  first  presents  its  characteristic 
structure  in  the  embryo,  continuing  to  grow,  develope,  and  maiatain  itselfj 
at  the  expense  of  the  materials  which  it  draws  from  the  blood.  It  would 
be  inconsistent  with  the  character  of  this  treatise  to  enter  into  details 
upon  this  subject,  which  will  be  fully  considered  in  the  General 
Physiology;  all  that  is  here  appropriate  being  a  brief  account  of  the 
mode  in  which  the  elementary  forms  of  Animal  tissue,  namely  cells  and 
fibres,  are  produced. 

384.  The  history  of  the  Animal  Cell,  in  its  simplest  form,  is  essentially 
that  of  a  Vegetable  cell  of  the  lowest  kind.  Every  cell  lives  for  itself, 
and  hy  itself,  like  each  of  the  solitary  cells  of  the  humblest  Protophytes ; 
and  if  the  necessary  conditions  be  furnished  (these  being  essentially  a  due 
supply  of  nutriment,  and  a  proper  temperature),  it  may  continue  to  live 
and  to  grow,  and  may  go  through  all  the  phases  of  its  development,  quite 
independently  of  the  organism  of  which  it  originally  foi'med  part.  Of 
this  we  have  numerous  examples  in  the  artificial  implantation  of  parts  of 
one  body  upon  or  within  another ;  the  graft  uniting  itself  with  its  new 
stock,  and  continuing  to  grow  after  its  own  fashion  at  the  expense  of  the 
nourishment  thence  derived.  Bvit  a  still  more  remarkable  example  is 
noi-mally  and  constantly  presented  by  the  spermatic  cells  of  certain  ani- 
mals, such  as  the  Decapod  Crustacea  *  and  certain  Nematoid  Entozoa  ;t 
which  are  cast-forth  from  the  organs  of  the  male  in  which  they  were 
generated,  and  are  transferred  into  the  body  of  the  female,  when  as  yet 
they  are  in  a  comparatively  early  stage  of  their  own  development ;  the 
spermatozoa  being  not  then  formed  within  them,  but  being  produced 
during  the  subsequent  life  of  the  cells,  which  apparently  goes-on  as 
favourably  within  the  generative  passages  of  the  female,  as  it  would  have 
done  within  the  organs  in  which  the  spermatic  cells  were  at  first  formed, 
the  requisite  conditions  being  duly  supplied.  All  the  component  cells  of 
any  one  organism  may  be  considered  as  the  descendants  of  the  primordial 
cell  in  which  it  originated;  but  the  methods  of  their  production  are  by 
no  means  identical  in  every  instance,  an  end  essentially  the  same  being 
brought  about  by  means  which  appear  (at  least)  to  be  very  difierent.  The 
various  modes  of  cell-development  may  however  be  reduced  to  two  prin- 

*  Mr.  H.  D.  S.  Goodsir,  in  "Anatomical  and  Pathological  Observations,"  p.  39. 
t  Dr.  Nelson,  "Philosophical  Transactions,"  1852,  p.  565. 
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cipal  forms  j— that,  namely,  in  which  the  new  cells  arise /rom  or  witMn 
pi-e-existint^  cells,  being  produced  by  the  subdivision  either  of  the  cells 
themselves°or  of  their  nuclei,  which  is  termed  endogenous  development; 
—and  that  in  wliich  they  originate  in  germs  developed  de  novo  m  the 
midst  of  an  organizable  '  blastema,'  which  has  been  prepared  by  a  pre- 
vious exercise  of  vital  force,  and  which  still  requires  the  continued  opera- 
tion of  that  force  ab  extra  for  its  due  organization  (§  339).  Each  of  these 
modes  of  cytogenesis,  or  cell-development,  wiU  now  be  separately  con- 
sidered. 7  7...  1-1 

385.  The  multiplication  of  Cells  by  duplicative  subdivision,  which  we 
have  seen  to  be  the  most  common  form  of  cytogenesis  in  the  Vegetable 
kingdom,  is  observed  to  take  place  also  within  the  Animal  body,  after  a 
manner  essentially  the  same,  in  most  cases  in  which  new  parts  are  being 
developed  in  continuity  with  the  old.  The  most  characteristic  example 
of  it  is  seen  in  the  early  Embryo  (§  73) ;  which,  at  first  consisting  of  but  a 
single  cell,  has  its  number  of  cells  augmented  by  such  duplication,  to  2, 
4,  8,  16,  32,  64,  &c.  The  same  process  may  also  be  watched  through  the 
whole  of  life  in  Cartilage ;  and  it  is  one  of  the  means  by  which  the  Red 
Corpuscles  of  the  blood  are  multiplied  in  an  early  stage  of  their  develop- 
ment. Where  a  distinct  'nucleus'  exists,  however, — as  is  the  case  in  most 
Animal  cells — the  process  of  subdivision  seems  frequently  to  commence 
in  it;  for  before  any  distinct  inflection  of  the  cell-wall  can  be  perceived, 
the  nucleus  may  be  seen  to  elongate,  and  to  show  a  tendency  to  subdivi- 
sion into  two  equal  parts.  Each  of  these,  when  completely  separated, 
draws  round  it  a  portion  of  the  contents  of  the  cell ;  so  that  the  cell- wall, 

Fig.  165. 
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Multiplication  of  CaHilage-eella  by  subdiTdsion  : — A,  original  cell;  B,  the  same,  beginning  to 
divide;  c,  the  same  showing  complete  di-viaiou  of  the  nucleus;  d,  the  same  with  the  halves  of 
the  nucleus  separated,  and  the  cavity  of  the  cell  subdivided;  B,  continuation  of  the  same  pro- 
cess, with  cleavage  in  contrary  direction,  to  form  a  cluster  of  four  cells ;  f,  a,  H,  production  of 
a  longitudinal  series  of  cells,  by  continuation  of  cleavage  in  the  same  direction. 

which  at  first  exhibits  merely  a  sort  of  hour-glass  contraction,  is  at  last 
inflected  so  far  as  to  constitute  a  complete  partition  between  the  two 
halves  of  the  original  cell ;  and  these  henceforth  become  two  independent 
cells,  which  may  go  through  the  same  process  in  their  turn  (Fig.  165,  a  d). 
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The  repetition  of  this  operation  may  take-place  cither  in  the  same  or  in 
the  contrary  direction,  so  as  to  produce  four  cells,  either  linearly  an-anged 
(e,  f,  g),  or  clustered  together  (n) ;  and  this  dupHcation  may  go-on  upon 
the  same  plan,  until  a  large  mass  has  been  produced  by  the  subdivision 
of  a  single  original  cell.  In  ordinary  Cartilage,*  it  is  most  common  to 
see  the  cells  forming  clusters ;  but  in  Cartilage  which  is  being  prepared 
for  ossification,  we  see  long  lines  of  cells,  which  have  been  obviously  pro- 
duced by  the  first  of  these  methods  of  multiplication. 

386.  Not  unfrequently,  however,  the  multiplication  of  cells  takes  place, 
not  so  much  by  the  subdivision  of  the  pre-existing  cell,  as  by  the  develop- 
ment of  new  cells  in  its  interior; 
these  appear  to  take  their  origin 
in  the  nucleus,  which  subdivides 
into  two  or  more  portions,  each  of 
them  drawing  a  portion  of  the 
contents  of  the  primary  cell  towards 
itself,  and  becoming  converted  in- 
to a  cell  by  the  development  of  a 
cell- wall  around  this;  and  they 
gradually  increase  in  dimensions, 
until  they  come  to  occupy  the 
entire  cavity  of  the  primary  cell, 
and  may  so  distend  its  wall  by 
their  fni'ther  enlargement,  that  it 
can  no  longer  be  distinguished. 
Of  this  method  of  cell-formation. 

Section  of  branclual  Cartilage  of  Tadpole  of  J^awa  also,  we   have  examples  in  Carti- 

paradoxa: — a,  6,  e,  intercellular  substance,  with  which  ]rt„o    Aci-ippiallir  in  i+ci  pavW  o+ncrp 

the  walls  of  the  parent-cells  are  incorporated;  d.  ^'^'o^'  ebpecidliy  in  ILh  HAliy  SVAgti 

single  nucleus;  e,  nucleus  dividing  into  two ;  d',  e',  of  development,  when  its  growtll 

two  nuclei  in  one  cell,  formed  by  division  of  single  •  •  i  /-rn-      i  r'r'\     i    j.    xi. 

micleus;/,  secondary  c^U,  forming  around  nucW^;  IS  rapid  (Fig.  166);  but  WS  there 

7t,  two  nuclei  within  single  secondai-y  ceU;i,  three  se-  seldom  See  morC  than  thl'ee  Or 
eondary  cells,  within  one  primary  cell.  n     .i  .    i       •.i  • 

four  cells  thus  generated  withm 
a  primary  cell  at  any  one  time.  It  is  in  structures  of  more  rapid  gi-owth, 
such  as  granulations,  t  and  especially  in  cells  of  a  cancerous  or  malignant 
character,  whose  speedy  develoiDment  and  no  less  speedy  degeneration  are 
among  their  most  distinguishing  features,  that  we  most  frequently  wit- 
ness the  subdivision  of  the  nucleus  into  a  considerable  number  of  pai-ts, 
and  the  development  of  numerous  cells  at  one  time  within  the  cavity  of 

*  It  is  thought  by  Dr.  Leidy,  who  has  carefully  studied  this  process  in  Cartilage  (see  his 
valuable  paper  '  On  the  Intimate  Structure  and  Histoiy  of  Articular  CartUages,'  in  the 
"Amer.  Journ.  of  Med.  Sci.,"  Api-il,  1849),  that  the  direction  of  the  subdivision  is  deter- 
mined by  that  in  which  there  is  least  resistance  to  the  extension  of  the  group  of  cells  ;  biit 
such  can  scarcely  be  the  case  in  regard  to  the  embryonic  mass,  the  cells  of  which,  if  this 
were  the  sole  determining  influence,  would  continue  to  multiply  on  a  uniform  plan ;  instead 
of  which,  as  soon  as  they  have  arrived  at  a  certain  degree  of  minuteness  of  subdivision,  a 
diversity  of  arrangement  begins  to  show  itself  in  the  component  parts  of  what  was  pre- 
viously a  homogeneous  assemblage. 

t  It  is  stated  by  Mr.  Paget  ("Lectures  on  Surgical  Pathology,"  Vol.  I.,  p.  185), 
that  in  granulations,  especially  such  as  are  formed  on  bones,  there  are  often  to  be 
found  large  compound  cells  of  oval  form,  and  as  much  as  l-250th  of  an  inch  m  diameter, 
containing  eight,  ten,  or  more  nuclei,  which  have  been  derived  by  subdivision  from  the 
nucleus  of  the  primary  cell,  and  which  are  probably  destined  to  be  the  nuclei  of  as  many 
separate  cells. 
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each  primary  cell  (Fig.  167).  The  same  method  may  often  be  recognised, 
Jiowever,  in  the  development  of 
cells  within  Glandular  follicles; 
for  where  each  follicle  is  a  single 
primary  cell,  and  its  nucleus  re- 
mains pei-sistent  as  a  'germinal 
centre,'  subsequently  to  its  be- 
coming a  follicle  by  the  rupture 
or  thinning-away  of  a  part  of  its 
cell-wall,  it  appears  to  be  by  the 
continual  sprouting  of  new  cells 
from  this  nucleus,  that  the  mate- 
rials of  the  secretion  are  elimi- 
nated from  the  blood  (Fig.  17  5). — 
As  a  general  ride,  however,  it  may 
be  remarked,  that  the  production 
of  a  large  number  of  cells  within  a 
single  primary  cell  only  takes  place 
when  this  new  brood  is  7iot  to 
form  a  permanent  part  of  the 
organism,  or  to  be  itself  the  origi- 
nator of  a  subsequent  growth.  It 
would  seem,  indeed,  as  if  this 
rapid  method  of  multij)lication 
occasioned  an  exhaustion  of  vital 
force ;  so  that  the  cells  thus  gene- 
rated are  incapacitated  for  any 

other  purpose;  whilst  the  comparatively  slow  method  of  duplicative  sub- 
division may  be  repeated  time  after  time,  to  an  extent  to  which  it  is 
impossible  to  assign  a  limit,  each  pair  of  cells  thus  produced  having  an 
equal  capacity  with  its  progenitors  for  going  throu.gh  that  process. 

387.  There  are  cases,  however,  in  which  cells  are  developed,  without 
any  direct  connection  with  pre-existing  cells,  in  the  midst  of  a  blastema 
or  formative  fluid  poured-out  from  the  blood.  Still  it  is  uncertain  to 
what  extent  this  is  to  be  considered  as  one  of  the  ordinary  modes  in 
which  the  elements  of  the  tissues  are  produced  and  increased ;  for  it  has 
been  hitherto  chiefly  observed  in  cases  in  which  a  plastic  exudation  has 
been  poured-out  for  reparative  pm-poses,  or  in  which  a  structure  of  an 
abnormal  character  is  being  generated.  The  first  stejD  in  the  process 
usually  appears  to  be  the  aggregation  of  some  of  the  minute  molecules 
which  the  fluid  or  semi-solid  blastema  contains,  so  that  they  form  little 
rounded  masses,  or  nuclei,  from  which  the  new  cells  originate.  The 
mode  in  which  the  cell-wall  is  formed,  does  not  appear  to  be  by  any 
means  constant.  Sometimes  it  seems  to  rise  and  separate  itself  from  the 
nucleus  itself,  as  if  it  were  formed  by  the  melting-together  of  molecules 
precipitated-upon  or  attracted-to  the  nucleus;  but  more  frequently  it 
appears  to  be  generated  by  the  expansion  of  the  wall  of  the  nucleus  itself; 
in  either  case,  however,  commencing  to  enlarge  and  separate  itself  from 
the  nucleus,  by  the  endosmosis  or  assimilation  of  fluid  from  the  surround- 
ing blastema.*  But  there  are  other  cases  in  which  the  nuclear  particles 
*  See  Prof.  Bennett's  Treatise  "  On  Cancerous  and  Cancroid  Growths,"  p.  146. 


Endogenous  cell-growth,  in  cells  of  a  Meliceritous 
Tumour  : — a,  cells  presenting  nuclei  in  various  stages 
of  development  into  a  new  Drood;  b,  primary  cell, 
completely  filled  with  a  new  brood  of  young  cells, 
which  have  originated  from  the  grantdes  of  its 
nucleus. 
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appear  to  di-aw  around  them  cei-taiu  components  of  the  substance  in 
which  they  lie,  before  any  cell-wall  can  be  discerned,  this  being  subse- 
quently generated  around  this  collection,  which  then  constitutes  the 
contents  of  the  newly-formed  ceU.  This  first-formed  nucleus  may  be 
persistent,  and  may  take  a  pai-t  in  the  subsequent  vital  actions  of  the  cell, 
of  whatever  kind  these  may  be ;  or  it  may  be  superseded  by  a  second 
nucleus,  which  subsequently  makes  its  appearance  in  some  other  part  of 
the  cell-waU. — It  seems  probable  that  the  first  formation  of  the  chyle- 
and  lymph-corpuscles,  which  subsequently  develope  themselves  into  blood- 
corpuscles,  takes  place  from  free  nuclei;  and  it  has  been  maintained 
by  some  that,  the  epidermis  and  epithelium  are  likewise  formed  in  the 
same  manner; — ^both  these  views,  however,  require  confirmation. 

388.  That  all  the  Animal  tissues  have  their  origin  in  Cells,  so  that 
even  the  widest  diversities  of  type  are  reducible  to  the  same  category, 
was  the  doctrine  originally  put  forth  by  Schwann,  who  first  attempted  to 
generalize  the  phenomena  (most  of  them  discovered  by  his  own  observa- 
tions) which  are  presented  by  their  development.  By  subsequent  re- 
search, however,  it  has  been  shown  that  this  statement  was  too  hasty ; 
and  that,  although  many  of  the  tissues  retain  their  primitive  cellular 
type  through  life,  and  many  more  are  evidently  generated  from  cells 
which  subsequently  undergo  metamorphosis,  there  are  some  in  which 
scarcely  any  other  cell-agency  can  be  traced,  than  that  concerned  in  the 
preparation  of  the  plastic  material.  This  would  seem  to  be  the  case 
especially  with  those  Simjjle  Fibrous  Tissues,  which  make-up  a  very  con- 
siderable proportion  of  the  bulk  of  the  body.  For  although  it  seems 
indubitable  that  they  may  be  formed  by  the  transformation  of  cells,*  and 
although  they  probably  are  thus  generated  in  the  first  develoi^ment  of 

the  organism,  yet  their  subsequent  produc- 
tion (especially  in  the  reparation  of  injuries 
under  favourable  cu-cum  stances)  seems  to  be 
effected  by  the  fibrillation  of  an  '  organizable 
blastema.'  Even  here  the  course  and  direction 
of  the  fibres  seem  often  to  be  determined  by 
the  nuclear  particles  which  the  fibrillating 
substance  includes;  for  in  the  reproduction 
of  tendinous  tissue,  as  observed  by  Mr. 
Paget,+  the  nuclei  are  formed  and  become 
elongated  before  any  fibrillation  is  visible,  and 
the  fibrillation  takes  place  in  the  direction 
in  which  they  lie,  so  that  each  nucleus  is 
Cells  with  Radiating  Fibres,  from  imbedded  in  a  fasciculus  of  fibrcs;  and  a 
labiaK^'^  °^  °^  ^^""^^^  sinular  relation  has  been  pointed-out  by  Mr. 

Addison,!  who  has  remarked  that  the  fibres 
which  are  formed  during  the  coagulation  of  the  liquor  sanguinis 
or  in  other  plastic  exudations,  often  seem  to  radiate  from  the  cells 
or  nuclear  corpuscles  which  these  fluids  may  contain  (Fig.  168).  These 
facts  give  a  sufl&cient  explanation  of  the  presence  of  nuclei  in  the 

*  "  Lectures  on  Surgical  Pathology,"  Vol.  I.,  p.  182. 
t  Op.  Cit.,  p.  187. 

+  ' '  Second  Series  of  Experimental  Researclies  on  the  Process  of  Nutrition  in  the  Living 
Structure,"  p.  6;  and  "Third  Series,"  p.  7. 


Fig.  168. 
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midst  of  the  simple  fibrous  tissues,  which  has  been  adduced  in  support  of 
tlie  doctrine  of  their  origin  in  cells.— A  very  marked  example  of  the 
production  of  fibres  in  the  midst  of  an  orgamsable  substance,  without 
any  direct  intervention  of  cells,  is  afi-orded  by  Fihro-Garlilacje ;  the  vari- 
ous forms  of  which  present  every  gradation,  between  the  perfectly  homo- 
aeneous  intercellular  substance  of  ordinary  Cartilage,  and  a  distinct 
Fibrous  tissue.  Here,  too,  it  is  possible  that,  although  the  fibres  do  not 
themselves  originate  in  the  transformation  of  cells,  the  cells  of  the 
cartilage  may  exert  such  a  determining  agency  in  their  production, 
as  appears  to  proceed  from  the  nuclei  in  the  cases  previously 
referred-to.— Of  all  the  varieties  of  Fibrous  tissue  thus  generated^  it  may 
be  stated  that  their  function  is  simply  mechanical;  that  consequently  the 
performance  of  that  function  does  not  depend  upon  a  continuance  of  vital 
activity;  and  that  they  do  not  seem  to  possess  that  power  of  self-fornm- 
tion  which  is  characteristic  of  the  cellular  tissues,  but  for  the  most  part 
depend,  for  their  production,  maintenance,  and  regeneration  after  injury, 
upon  the  formative  power  of  the  Blood  (§  374). 

389.  The  leading  conclusions  in  regard  to  the  Chemistry  of  the  Ani- 
mal Body,  to  which  the  Chemico-physiological  labours  of  recent  times 
appear  to  point,  may  be  summed-up  as  follows : — 

I.  The  Organic  materials  indispensable  for  the  genesis  of  tissue,  consist 
of  Albv/niinous  and  Fatty  compounds. — The  forarer  present  themselves 
under  various  aspects,  in  the  Vegetable  as  well  as  in  the  Animal  kingdom, 
all  being  reducible,  however,  to  the  ordinary  state  of  Albumen  by  the 
digestive  process ;  and  in  their  natm-al  state  of  combination,  they  include 
most  of  the  inorganic  substances  which  are  required  in  addition.  There 
is  no  reason  whatever  to  believe,  that  Albuminous  compounds  can  be 
generated  within  the  animal  body,  by  the  transformation  of  substances 
belonging  to  an  entirely  difierent  type. — The  latter  are  directly  afforded 
by  ordinary  animal  food,  and  by  many  kinds  of  vegetable  productions ;  and 
it  seems  to  be  when  they  are  thus  supplied,  that  they  are  most  readily 
made  available  in  histogenesis.  They  may  be  produced  within  the  body, 
however,  by  the  metamorphosis  of  either  Albuminous  or  Saccharine 
compounds. 

II.  The  great  mass  of  those  tissues  of  the  body  which  belong  to  the 
cellulwr  type,  is  generated  at  the  expense  of  Albuminous  matter  (fat-par- 
ticles, however,  being  intimately  blended  with  this  in  an  early  stage  of 
cell-formation);  of  this  we  have  a  notable  example  in  the  case  of  Muscular 
tissue ;  but  the  cell- walls  of  all  other  textures  would  probably  be  found,  if 
they  could  be  entirely  freed  from  their  contents,  to  have  the  same  compo- 
sition. The  molecular  condition  of  the  particles  composing  the  amor- 
phous coagulum  and  the  living  cell,  however,  must  be  entirely  difierent, 
even  if  they  be  altogether  chemically  identical ;  and  the  latter  exhibits  dis- 
tinctive vital  properties,  in  virtue  of  the  organizing  process  to  which 
its  material  has  been  subjected.  Not  merely  the  cell- walls,  but  the  cell- 
contents  of  these  tissues  (with  the  exception  of  those  concerned  ia  the 
act  of  excretion),  seem  to  be  derived  from  the  Albuminous  or  from  the 
Fatty  constituents  of  the  blood :  this  seems  clear,  for  example,  in  regard 
to  the  globulin  and  hiiematin  of  the  red  corpuscles  of  the  blood,  and  the 
homy  matter  of  the  epidermis  and  its  appendages,  which  must  have 
their  source  in  the  former  ;  and  also  with  respect  to  the  contents  of  the 
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adipose  aud  nervous  vesicles,  which  must  be  di-awn  wholly  or  in  part 
from  the  latter.  Whether,  in  the  constniction  of  the  tissues  of  this 
class,  the  Albumen  of  the  blood  may  sei-ve  directly  as  the  pahvlmn  for 
the  production  of  cells,  or  whether  it  must  needs  pass  first  through  the 
condition  of  Fibrin,  cannot  be  distinctly  affirmed ;  there  is  no  positive 
evidence  in  support  of  either  proposition ;  but  the  probabilities  appear  to 
the  Author  decidedly  to  favoiu-  the  former  view. 

III.  The  great  mass  of  the  Gelatigenous  tissues  of  the  body,  whose  tex- 
ture is  shnply  fibrous,  is  also  derived  from  the  Albuminous  element  of 
the  blood ;  but  this  passes  through  the  intermediate  condition  of  Fibrin, 
which  may  be  regarded  as  a  substance  endowed  with  the  power  of  self- 
development  into  a  low  form  of  organized  structure,  and  therefore  as 
having  already  undergone  a  vitalizing  influence.  Thei^e  is  no  sufficient 
reason  to  believe,  that  Gelatin  employed  as  food  can  ever  be  applied  even 
to  this  purpose  in  the  body ;  since  all  that  we  know  of  the  genesis  of  the 
simple  fibrous  tissues,  indicates  that  in  assuming  their  characteristic 
structure,  they  pass  through  gradations  similar  to  those  which  we  witness 
in  the  production  of  the  adventitious  tissue  of  fibrinous  exudations. 

IV.  When  the  death  and  disintegration  of  the  tissues  again  bring  their 
components  under  complete  subjection  to  Chemical  forces,  an  entirely 
different  series  of  metamorphoses  takes  place,  tending  to  degrade  these 
components  towards  the  condition  of  inorganic  compounds.  They  would 
seem  to  resolve  themselves  into  two  classes  of  substances  j — on  the  one 
hand,  saccharine,  oleaginous,  and  resinous  matters,  analogous  to  those  of 
plants,  in  which  carbon  predominates ; — on  the  other,  a  set  of  compounds 
peculiar  to  animals,  of  which  nitrogen  is  the  characteristic  ingredient. 
From  the  albuminous  constituent  of  muscle,  for  examj^le,  there  is  direct 
evidence  that  fat,  sugar,  and  lactic  acid  may  be  generated  on  the  one 
hand ;  on  the  other,  creatine,  and  (probably  through  this  creatine)  lU'ea, 
with  the  rest  of  the  highly-azotized  components  of  the  urinaiy  excretion. 
The  sugar  generated  by  the  agency  of  the  liver,  from  the  products  of  the 
waste  or  disintegration  of  the  system  that  are  contained  in  the  blood, 
seems  to  be  at  once  employed  in  supporting  the  combustive  process  by 
which  the  animal  heat  is  maintained.  The  fat  may  be  directly  applied 
to  the  same  purpose,  or  may  be  stored-up  in  the  cells  of  Adipose  tissue 
for  future  use.  The  peculiar  resinous  acids  of  the  bile,  which  are  proba- 
bly formed  from  the  same  source,  appear  to  fulfil,  in  part,  at  least,  a 
similar  destination,  after  having  been  made  subservient  to  other  purposes. 
The  lactic  acid,  chiefly  generated  in  the  substance  of  the  muscles  (pro- 
bably by  the  metamorj)hosis  of  a  saccharine  compound,'  which  may  be 
looked-on  as  the  immediate  product  of  their  disintegration),  is  in  like 
manner  destined  to  be  carried-off  by  the  respiratory  process,  though  a 
part  of  it  may  first  be  rendered  subservient  to  the  digestive  operation. 
But  if  the  respiratory  process  should  not  be  sufficiently  active  to  remove 
these  highly-carbonized  compounds  from  the  blood,  we  may  fimd  the  lactic 
and  hippuric  acids  in  the  urine,  with  the  addition  of  carbonaceous  pig- 
mentary matter.  On  the  other  hand,  the  highly-azotized  substances  ai'e 
destined  for  immediate  elimination  by  the  kidneys ;  their  presence  in  the 
current  of  the  circulation  being  so  hurtful,  that  accumulation  even  in 
small  amount  might  induce  fatal  results. 

V.  Besides  the  foregoing  substances,  there  are  doubtless  othere  which 
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have  not  been  so  carefully  studied,  and  which  are  passed-off  by  distinct 
chlnnels  Thus,  we  have  no  precise  knowledge  of  those  products  of  dismte- 
SaSon  which  are  thro^vn-off  by  the  skin;  and  the  proper  f^cal  matter, 
wM  is  mdoubtedly  derived  from  some  excretion  poured  into  the  ali- 
™taiy  an!S,  rather  than  from  putrescent  changes  xn  ^^^^^^^f^^^ 
substances  which  are  passing  through  it,  has  not  yet  been  made  the  sub- 
ject of  accm-ate  examination.  .  •  ^  j  i  Klnnrl  than 
VI  Where  more  alimentary  matter  is  introduced  into  the  blood,  than 
is  Jeqxured  for  the  genesis  of  living  tissue,  this  probably  undergoes  the 
ame^  Llposing^c^^^^^^  as  do  the  effete  matters  that  are  set-free  by 
tWi  fnteg^ation  of  the  organized  fabric.  The  saccharine  and  oleaginous 
matters  are  directly  carried-off  by  the  combustiye  process,_  only  that  por- 
tion being  applied  to  the  production  of  adipose  tissue,  whi.h  -^y  not  b^ 
required  for  the  maintenance  of  the  temperature  of  the  body;  whilst  the 
albuminous  and  gelatinous  appear  to  be  resolved  into  the  «las^^^^^^^^ 
compounds  already  indicated,  part  of  which  ^''^^  ^hminated  by  the  liver 

and  lungs>       ^^^^^^  P^^  ^^^^^^  ^^""^^l'  ^""^        \  A 

(its  internal  reflexion)  the  alimentary  canal.    It  may  here  be  mentioned, 

as  afforcUng  positive  evidence  of  the  production  of  sugar  from  albuminous 
compoimds  Avithin  the  living  body,  that  it  is  found  m  the  milk  of  Carni- 
vorous animals,  which  have  been  for  some  time  restricted  to  a  diet  ot 
animal  flesh.*— Our  data  are  at  present  far  too  imperfect,  to  allow  this 
series  of  metamorphoses  to  be  definitely  represented  by  the  aid  of  formulae ; 
nevertheless  there  are  certain  general  relations  which  have  a  real  exist- 
ence, and  which  may  be  appropriately  indicated  in  this  mode,  ihe  tol- 
lowing  are  given  by  Prof  Liebig,t  as  examples  of  the  transformations 
which  mmj  occur;  it  is  to  be  observed,  however,  that  some  of  the 
formula  which  he  employs  (op.  cit.-p.  437),  differ  from  those  m  com- 
mon use.  .      ,1      1  . 

1  equiv.  of  Albumen  with  10  equiv.  of  Water,  contains  the  elements 
of  2  equiv.  of  Gelatin  and  1  equiv.  of  Choleic  (tauro-cholic)  acid,  thus— 

C.     H.     N.    0.    S.  C.      H.     N.    0.  S. 


1  Albumen  =  216  169  27  68  2) 
10  Water     =  10  10 


216    179    27    78  2 


164    134    26    64       =  2  Gelatin. 
52     45     1    14    2  =  1  Choleic  acid. 


216    179    27    78  2 


1  equiv.  of  Fibrin  of  Blood  with  8  equiv.  of  Water,  contains  the  ele- 
ments of  1  equiv.  of  Gelatin  and  1  equiv.  of  Albumen. 

C.     H.    N.    0.   S.  C.     H.    N.    0.  S. 


1  Fibrin  =  298  228  40  92  2^1 
8  Water  =88 


298    236    40  100  2 


216  -169  27  68  2  =  1  Albumen. 
82      67    13    32       =  1  Gelatin. 


,298    286    40  100  2 


1  equiv.  of  Casein  with  10  equiv.  of  Oxygen,  contains  the  elements  of 
1  equiv.  of  Albumen  and  1  equi.v.  of  Chondrin. 

*  This  was  at  one  time  denied  by  Dumas  ;  but  the  fact  has  been  fully  established  by  the 
researches  of  Benach,  who  has  also  explained  the  reason  of  Dumas'  failiure  to  detect  the 
presence  of  sugar.    (See  "Ann.  der  Chem.  und  Pharm."  band  Ixi.  p.  221). 

t  "  Familiar  Letters  on  Chemistry,"  p.  439. 
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C.      H.     N.    0.  S. 

1  Casein  =  288  228  86  90  2 
10  Oxygen    =•  iq 


288    228    36  100  2 


C.     H.     N.    0.  S. 

f216    169    27    68    2  =  1  Albumen. 
72     59     9    32      =  1  Chondi-i.i. 


,288    228    36  100  2 


The  three  preceding  formulje  represent  such  metamorphoses  as  may 
occur  m  the  ge^iesis  of  tissues;  the  following  represent  some  of  those 
wliich  may  take  place  in  theii'  disintegration,  in  which  (it  must  be 
renaembered)  oxygen  drawn  from  the  air  performs  an  important  part. 

I  equiv.  of  Albumen  with  10  equiv.  of  Water  and  56  equiv.  of  Oxy- 
gen, contains  the  elements  of  1  equiv.  of  Choleic  (tauro-choHc)  acid, 
(glycho-choHc)  acid,  12  equiv.  of  Urea,  and  36  equiv. 

ot  Carbomc  acid. 


C.  H.  N.  0.  S. 

1  Albumen  =  216  169  27    68  2 

10  Water     =  10  10 

56  Oxygen   =  56 


N.  0.  S. 


216    179    27  134  2 


C.  H 

/  52  45 

104  86     2  24 

24  48    24  24 

36  72 


1    14    2=  1  Choleic  acid. 

=  2  CboUc  acid. 
=  12  Urea. 
=  36  Carbonic  acid. 


^216  179    27  134  2 


1  equiv.  of  Gelatin  with  10  equiv.  of  Oxygen,  contains  the  elements  of 
1  equiv.  of  Chohc  (glyco-cholic)  acid,  3  equiv.  of  Uric  acid,  and  12  equiv. 
of  Water.  ^ 


C.    H.    N.  0. 

1  Gelatin  =  82  67  13  32 
10  Oxygen  =  lo 


82    67    13  42, 


C. 

f  52 
30 


H.  N.  0 

43  112=1  ChoUc  acid. 

12  12    18  =    3  Uric  acid. 
12  12  =  12  Water. 


82    67    13  42 


1  equiv.  of  Chondrin  contains  the  elements  of  one  Cholic  (glyco-cholic) 
acid,  2  Uric  acid,  and  8  Water. 

C.    H.   F.  0.  .  2-  0- 


1  Chondrin  =  72    59    9    32  >  = 


52    43    1    12  =  1  Cbolic  acid. 
20     8    8    12  =  2  Uric  acid. 
8  8  =  8  Water. 


72    59    9  32 


Now  although  it  must  be  admitted  that,  by  a  dextrous  management 
of  formulae,  almost  any  kind  of  transformation  may  be  effected  o?^  paper, 
yet  the  above  coincidences  are  so  remarkable  in  themselves,  and  are  so 
closely  accordant  with  phenomena  of  whose  occurrence  we  have  inde- 
pendent evidence,  that  it  seems  hardly  just  to  regard  them  as  merely 
fortuitous. 

VII.  The  Inorganic  acids,  bases,  and  saline  compounds,  which  properly 
rank  as  constituents  of  the  body,  are  for  the  most  part  applied  to  its  con- 
struction in  the  forms  in  which  they  were  introduced  fi-om  the  food;  and 
they  reappear  under  the  same  forms  in  the  excretions.  But  new  com- 
pounds are  also  produced  during  the  progress  of  the  metamorphic 
changes  already  referred-to.  Thus,  a  portion  of  the  Sulphur  taken-iu  as 
a  constituent  of  albuminous  food,  seems  to  be  oxidised  in  the  final  dis- 
integration of  the  tissues  by  which  that  albumen  was  appropriated,  and 
is  converted  into  sulphuric  acid ;  a  jDart,  however,  stUl  remaining  unoxi- 
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cUsed,  and  passing  off  in  that  state  both  by  the  bile  and  the  urine.  So, 
lin  if  Phosphorus  (as  such)  be  a  constituent  of  the  protein-compounds, 
or  be  united  with  Mty  matters,  it  must  undergo  a  similar  oxidation 
within  the  system;  as  it  scarcely  ever  presents  ^^elf  m  the  excretions 
imder  any  other  form  than  that  of  phosphoiic  acid.  On  the  other  hand, 
by  the  oidation  of  yarious  organic  acids  largely  contained  m  vegetable 
food  their  alkaline. bases  are  reduced  to  the  state  of  carbonates,  so  as  to 
be  ready  to  combine  with  any  of  the  stronger  acids  that  may  be  present 
in  the  system :  and  ammonia  seems  also  to  be  generated  de  novo  Thus  a 
supply  of  bases  is  prepared,  ready  to  neutralize  not  merely  the  acids 
whose  mode  of  production  has  just  been  described,  but  also  the  uric 
hippuric,  and  lactic  acids  which  are  generated  within  the  body  and  which 
do  not  readily  pass-off  from  it  except  in  combination  with  bases;  and 
according  as  the  proportion  of  these  bases  is  equivalent  to  that  ot  the 
acids,  exceeds  it,  or  is  exceeded  by  it,  will  the  urine  be  neutral,  alkaline,  or 
acid  —When  mineral  substances,  whose  presence  is  superfluous  or  noxious, 
are  introduced  into  the  body,  an  effort  is  usually  made  for  their  elimina- 
tion, by  some  of  the  excretory  organs ;  most  commonly  by  the  kidneys. 

390.  It  has  been  shown  (§  345)  that  in  the  Nutrition  of  the  parts  con- 
cerned in  the  maintenance  of  Organic  life  alone,  the  quantity  of  new  tissue 
produced  (the  requisite  amount  of  formative  power  being  supplied)  de- 
pends chiefly  upon  the  quantity  of  material  specially  adapted  for  its 
generation.  But  in  the  case  of  the  tissues  which  minister  to  the  Animal 
functions,  a  different  rule  seems  to  hold  good ;  for  in  these  we  find  that 
the  activity  of  reparation  is  dependent  upon  the  degree  of  previous  waste 
or  cUsiategration,  caused  by  the  performance  of  their  peculiar  operations; 
so  that,  if  they  be  kept  in  complete  inactivity,  no  nutritive  changes  can 
take  place  in  them,  notwithstanding  the  greatest  abundance  of  their  res- 
pective pabula,  and  degeneration  immediately  commences ;  whilst,  if  their 
functions  be  performed  with  unusual  energy,  so  that  an  increased  amount 
of '  waste'  takes  place,  this  waste  is  more  than  repaired  by  the  nutritive 
activity  of  the  part  (provided  that  a  sufficient  amount  of  duly-prepared 
material  be  supplied),  and  a  positive  increase  of  its  substance,  with  a 
like  increase  of  functional  power,  is  the  result.  It  is  a  very  remark- 
able circumstance,  that  the  nutrition  of  holies,  at  least  in  those  situations 
in  which  they  serve  to  afford  fixed  points  of  attachment  to  muscles,  rather 
than  to  support  and  protect  the  softer  parts,  is  closely  related  to  the  de- 
velopment of  the  muscles ;  so  that  when  this  is  augmented  by  continued 
activity,  the  bones  become  stronger,  and  their  prominences  and  ridges 
more  decided;  whilst  if  it  be  checked  by  disuse,  the  nutrition  of  the  bone 
also  is  impaired,  and  its  bulk  speedily  diminishes.* 

*  Thus  Dr.  John  Keid  found  that  the  relative  weights  of  the  Bones  and  Muscles  of  the 
two  hind-legs  of  a  rabbit,  from  which  a  portion  of  the  sciatic  nerve  on  one  side  had  been 
removed  seven  weeks  before,  so  as  entirely  to  paralyze  the  limb,  were  as  follows. 

Sound  limb.  Paralyzed  limb. 

Muscles   327  grains  170  grains. 

Tibia  and  Fibula     ....      89  grains  81  grains. 

There  was  an  obvious  difference,  also,  in  the  ultimate  structure  of  the  muscles  of  the  two 
limbs ;  for  the  fibres  of  the  paralyzed  muscles  were  considerably  smaller  than  those  of  the 
other  side,  exhibited  the  longitudinal  and  transverse  strias  much  less  distinctly,  and  had  a 
shrivelled  appearance.  ("Physiological,  Pathological,  and  Anatomical  Researches," 
p.  10 ) 
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391.  Thus  tlie  condition  of  nutritive  activity  in  tlie  tissues  which  are 
the  instruments  of  the  Animal  functions,  is  as  strikingly  opposed  to  that 
which  prevails  in  the  part  of  the  organism  appropriated  to  the  Vegetative 
lunctions,  as  are  the  conditions  under  which  those  functions  are  respec- 
tively performed.  For,  as  we  have  seen,  Vegetative  activity  of  eveiy  kind 
is  entirely  constructive;  and  its  conditions  are  merely  (1)  the  supjjly  of 
organisable  matter,  and  (2)  the  requisite  organising  force.  On  the  other 
hand.  Animal  activity  is  in  its  essential  nature  destructive;  and  its  con- 
ditions involve  the  re-conversion  of  organised  tissue  into  the  inorganic 
state.  But,  in  some  mode  not  yet  understood,  the  performance  of  this 
^destructive  operation  excites  a  corresponding  exertion  of  the  co?«structive ; 
and  the  tissues  are  renewed  or  even  augmented.  The  explanation  may 
perhaps  lie  in  the  fact,  that  the  exercise  of  the  endowments  of  the  Ner- 
vous and  Muscular  tissues,  which  depends  upon  conditions  external  to 
themselves,*  itself  becomes  a  means  of  determining  an  increased  afllux  of 
blood,  to  them,  on  the  prmciples  already  laid-down  (§  252) ;  and  it  is  on 
the  increase  of  vegetative  activity  which  thus  takes  place,  that  the  aug- 
ruented  nutrition  seems  to  depend.  On  the  other  hand,  when  these 
tissues  are  not  called  into  action,  the  circulation  through  them  becomes 
extremely  languid,  and  their  nutrition  suflfers  accordingly. 

392.  In  addition  to  the  foregoing  peculiarities,  it  is  to  be  remarked 
that  the  activity  of  nutrition  among  higher  Animals  varies  greatly  in 
proportion  to  the  age  of  the  individual.  Among  Plants,  one  part  of  the 
fabric  may  die,  whilst  another  is  vigorously  growing  and  extending  itself, 
the  two  having  no  relation  of  mutual  dependence ;  and  the  same  may 
happen  among  Zoophytes.  But  we  find,  as  we  ascend  the  Animal  series, 
that  as  the  individual  parts  become  more  and  more  intimately  dejDendent 
upon  one  another,  the  nutritive  activity  of  each  is  more  and  more 
closely  related  to  that  of  the  remainder,  and  consequently  to  that  of  the 
organism  at  large.  Moreover,  we  find  that  growth  consists  less  in  mere 
external  addition  to  the  parts  already  formed  (as  it  does  for  the  most  j)art  in 
Plants),  but  more  and  more  in  interstitial  enlargement ;  and  this  involves 
a  continual  remodelling  of  the  entire  fabric.  Thus  all  the  tissues,  even 
those  most  consolidated,  are  undergoing  continual  changes  in  the  young 
animal;  and  it  would  seem  as  if  the  duration  of  their  component  pai-ts  is 
much  less  than  in  more  advanced  life,  so  that  disintegration  and  renewal 
more  rapidly  succeed  each  other  (§  117).  Here,  as  elsewhere,  we  find  that 
duration  and  functional  activity  are  in  the  inverse  ratio  to  each  other. 

*  The  activity  of  Muscle  must  be  called  forth  by  the  stimulus  of  innervation,  or  by 
other  excitants  immediately  applied  to  itself.    That  of  the  afferent  portion  of  the  Nervous 
substance  is  entirely  dependent  upon  the  reception  of  impressions  from  without,  so  that  if 
these  be  withheld  it  remains  in  a  state  of  torpor,  and  its  nutrition  is  proportionably 
affected, — as  we  see  in  the  case  of  the  eye,  when  the  access  of  light  to  the  retina  is  com- 
pletely prevented  by  opacity  of  the  cornea.    In  like  manner,  the  activity  of  the  central 
organs  is  dependent  upon  the  excitement  which  they  receive  through  the  aiferent  nerves, 
or  from  mental  operations ;  and  thus  we  find  that  a  continuance  of .  intellectual  exertion, 
if  not  too  severe,  tends  to  augment  the  nutrition  of  the  brain.    And  the  activity  of  the 
efferent  portion  of  the  nervous  system  is  entirely  dependent  upon  that  of  the  central  organs, 
so  that  the  nutrition  of  any  part  of  it  ceases,  as  soon  as  it  is  separated  from  them.  But 
it  is  a  remarkable  circumstance,  first  clearly  ascertained  by  Dr.  Waller,  that  if  the  con- 
nection of  the  sensory  nei-ves  with  the  central  organs  be  interrupted,  so  that  they  cannot 
propagate  onwards  the  imj^ression  they  have  received,  their  nutrition  is  immediately  im- 
paired.   ("Philosophical  Trans<ictious,"  1850,  Part  II.) 
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The  dull  perceptions,  and  slow  and  feeble  movements,  of  the  aged  indi- 
ihe  cull  Pr''7',^ contrast  with  the  acute  sensibility,  and  the 
':^^ZZ^Z^:^,  of  the  child,  thanis  ^je  duggishness 

o?t^tIi-stitial  changes  in  the  former,  as  compared  with  J^ergy 
01  tne  inwibw  »  ^^^^^^     ^  general  fact,  that 

tt  :£r^:^tr^^^  l-W  the  organism  diminishes  with 

capable  of  being  con- 

o  tht  by^Z^melt  Id  observation.  But  still  there  appears  to  be  no 
suffiTent  r^^^^^^  for  regarcUng  the  ordinary  ^itritive  operat.on^ 
themselves  necessarHy  dependent  upon  Nervous  agency  (§  97).  J^J^c*' 
the  res^Uts  of  injury  to  the  nerves  of  a  part  seem  to  be  exerted  rather  m 
a  distm-bance  or  perversion,  than  in  an  actual  suspension  of  them.  A_Qd 
seeing  as  we  do,  that  active  nutrition  takes  place  m  the  embryo,  long  be- 
fore Serves  have  been  developed,  and  that  it  goes-on  in  parts  {e  g.  cartilage) 
into  which  it  may  be  said  with  certainty  that  no  nerves  enter,  we  seeni 
to  have  fiill  confirmation  of  the  inference,  which  rests  upon  the  essential 
conformity  between  the  processes  of  Animal  and  ^egetable  Nutrition — 
that  inthe  one  case,  as  in  the  other,  the  operation  is  effected  by  the  formative 
powers  of  the  part  itself,  exerted  upon  the  plastic  material  supplied  to  it; 
but  that  these,  in  the  Animal,  are  modified  and  directed  by  Nervom 
agency,  in  such  a  manner  as  to  harmonise  them  with  each  other,  and  with 
the  general  requirements  of  its  organism. 


CHAPTETt  IX. 

OF    SECRETION    AND  EXCEETION. 

1.  Geneml  Considerations. 

394.  The  parallel  between  the  Vegetable  and  Animal  kingdoms,  which 
has  hitherto  been  so  close,  fails  us  when  we  arrive  at  this  department  of 
theenquuy;  for  the  conditions  of  Vegetable  existence  do  not  require 
that  provision  for  the  maintenance  of  the  purity  of  the  nutritive  fluid, 
by  the  removal  of  effete  matters,  which  becomes  the  most  constant  and 
tirgent  necessity  of  Animal  life.  It  would  seem  as  if  all  the  nutritive 
material  assimilated  by  the  leaves  of  Plants,  is  applied  to  theii-  growth 
and  development,  or  is  stored-up  as  a  provision  for  future  operations  of 
the  same  kind  ;  and  the  supply  is  so  exactly  proportioned  to  the  demand 
(§  346),  that  there  is  seldom  any  unappropriated  residue  of  assimilated 
matter  left  to  become  injurious  by  its  superfluity  and  by  its  tendency  to 
decomposition.  Moreover,  the  parts  which  have  fulfilled  their  purposes 
in  the  system,  and  whose  term  of  life  is  expired  (such  as  the  leaves  and 
flowera),  are  cast  off  en  masse  ;  their  ultimate  decay,  in  which  they 
return  to  the  state  of  simple  binary  compounds,  takes  place  after  their 
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separation ;  and  no  such  interstitial  death  and  decomposition  occur  in  the 
Ss  o?T"  f  >f  ^^l^^life'  -  have  seenl  be  nece"  ar^c  n- 
dncl  watei  which  needs  to  be  cast-out  of  the  Vegetable  organism  •  and 

"ade     InTi""  1  "^  ^^^^  ^"^^^  ^  'l^-^^  pro'vision  to  be 

whrob";^..  n     f  T'""^^  ""^^  ^^-^  numerous  modes  in 

which  the  Circulating  fluid  may  be  rendered  impure.    In  the  first  place 

tVrSrr°''''*  v''*''^"^"^*  "'^y^'  introduced  into  the  blood/ than 
fnloi  operations  can  appropriate  :  for  we  have  just  seen  thkt  the 

loimative  energy  of  those  Nervo-muscular  tissues,  which  make-up  by  far 
the  largest  proportion  of  the  bodies  of  the  higher  animals,  has  no  ?ektion 
whatever  to  the  supply  of  food,  but  depends  upon  the  exercise  to  which 
they  have  been  subjected;  so  that,  unless  the  amount  of  food  ingested 
be  proportioned  to  this,  there  must  remain  a  superfluity  which  soon 
becomes  injurious  by  decomposition,  its  highly-azotised  natui-e  rendering 
It  pecubarly  liable  to  imdergo  this  change,  at  the  elevated  temperatui-e 
ot  wa,rm-blooded  animals.  Further,  it  seems  scarcely  possible  that  the 
varied  demands  which  are  made  upon  the  nutritive  fluid  of  higher  ani- 
mals^ tor  the  supply  of  the  requisite  components  of  the  several  tissues 
can  be  so  accurately  adjusted  under  all  circumstances,  as  not  to  leave  some 
residue  incapable  of  further  use,  and  therefore  unsuitable  to  be  retained. 
-tJut  the  great  and  constant  occasion  for  the  excretory  operations,  un- 
doubtedly arises  from  the  disintegration,  to  which,  as  so  frequently  men- 
tioned, the  whole  apparatus  of  Animal  life  is  subject  as  the  very  condi- 
tion of  its  vital  activity;  and  therefore  the  demand  for  their  perfonn- 
ance  will  vary  with  the  degree  of  that  activity.  AU  that  has  been 
already  said  on  this  point  under  another  head  (§§  277,  278),  is  equally 
appHcable  here.  So  urgent  is  the  necessity  for  this  process,  that,  as  Dr. 
Marshall  Hall  has  justly  remarked,  the  fimctions  of  egestion  are  more 
immediately  necessary  to  the  maintenance  of  Animal  life,  than  are  those 
of  ingestion.    This  will  more  fully  appear  hereafter. 

395.  But  besides  that  separation  of  efiete  matters  from  the  blood,  for 
the  purpose  of  maintaining  its  pui-ity,  which  is  usually  distinguished  as 
Excretion, ^  we  find  that  certain  products  are  elaborated  from  it  for  special 
purposes  in  the  economy;  and  it  is  to  the  process  by  which  this  is 
accomplished,  that  the  term  Secretion  in  its  more  restricted  sense  is 
applicable.  But  even  this  has  scarcely  any  parallel  in  the  Yegetable 
kingdom.  For  although  there  is  a  large  class  of  substances  which  are 
commonly  designated  as  '  Yegetable  Secretions,'  yet  these  are  not  pom^ed- 
out  upon  the  smface  nor  into  the  cavities  of  the  Plant,  but  are  stored- 
up  in  its  constituent  cells,  of  which  they  form  the  characteristic  con- 
tents ;  and  thus  they  bear  the  same  relation  to  it,  as  the  oleaginous  con- 
tents of  the  fat-cells,  or  the  calcareous  deposit  in  the  cells  of  shells, 
&c.,  bear  to  the  Animal  organism  (§  359).  We  shall  presently  see, 
however,  that  the  production  of  the  true  Secretions  and  even  of  the 
Excretions  of  Animals,  is  a  process  which  is  referable  to  the  same 
general  category  as  Nutrition ;  the  sej^ai-ation  of  the  several  components 
of  each,  from  the  blood,  being  efiected  by  the  development  of  cells,  to 
which  they  form  the  appropriate  pabulum  (§  398,  399). 
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2.  Secretion  in  Vegetables. 

396  It  mi«^lit  seem  almost  superfluous  to  add  any  tiling  under  this 
head,  to  what  has  been  just  said,  as  to  the  absence  of  any  true  secreting 
or  excreting  process  in  Plants.  But  there  are  certain  doctrines  current 
upon  this  subject,  to  which  it  seems  necessary  to  make  more  particular 
allusion.— The  nearest  approach  to  a  true  Excretion  seems  to  be  presented 
by  those  cases,  in  which  peculiar  organic  compounds  are  exuded  irom 
tlie  surface  j  as  honey  in  flowers,  wax  upon  leaves  and  fruits,  gums  and 
gum-resins  upon  bark,  &c.  In  these  and  other  similar  instances,  how- 
ever, the  exudation  appears  chiefly  to  result  from  the  superabundance  oi 
the  product  in  the  subjacent  tissues,  and  is  not  to  be  considered  m  any 
other  light  than  as  relieving  their  distension.  It  may  be  subservient  at  the 
same  time,  however,  to  some  secondary  pui-pose ;  thus  the  honey  of  the 
flowers  is  attractive  to  insects,  whose  services  in  the  act  of  fertilisation 
are  frequently  important,  and  sometimes  absolutely  essential.  And  this, 
with  the  acrid  fluids  secreted  in  the  so-called  '  glands,'  or  agglomerations 
of  cells,  at  the  base  of  the  hairs  of  the  Nettle,  &c.,  may  be  regarded  as  the 
nearest  approximations  exhibited  by  Plants  to  the  true  Secretions  of 
Animals. 

397.  It  has  been  imagined  that  Plants  have  the  power  of  throwing-off 
from  their  roots,  substances  injurious  to  their  economy ;  and  the  matters 
tlius  separated  have  been  regarded  as  real  Excretions.  Thus  it  was  found 
by  Bonnet,  that  if  a  rapidly-growing  plant  have  its  roots  divided  into 
two  bundles,  and  one  of  these  be  introduced  into  a  solution  of  some 
saline  substance  wMch  it  will  absorb,  whilst  the  other  is  immersed  in 
pure  water,  the  latter  fluid  will  be  found  after  a  few  days  to  have 
received  a  certain  impregnation  from  the  former ;  apparently  showing 
that  the  salt  must  have  been  taken-up  through  one  set  of  roots, 
and  cast  out  again  through  the  other.  But  this  inference  is  open 
to  the  fallacy,  that  the  saline  substance  may  have  passed  from  one  vessel 
to  the  other  by  capillary  attraction  merely,  along  the  exterior  of  the 
roots. — Again,  it  has  been  stated  by  Macaire,  that  if  a  Leguminous  plant 
be  placed  in  distilled  water,  the  fluid  will  be  foimd  in  a  few  days  strongly 
impregnated  with  mucilaginous  matter,  which  it  has  derived  from  the 
roots  immersed  in  it;  so  the  GichoracecB  and  Papaveracece  are  said  to 
exude  a  large  quantity  of  a  brownish  bitter  matter  analogous  to  opium  ; 
Euphorhiacece,  an  acrid  gummy-resiaous  matter;  and  so  on, — the  sub- 
stances exuded  being  in  all  instances  those  which  are  characteristic  of 
the  proper  juices  of  the  plants  which  furnish  them.  It  has  been  ren- 
dered very  doubtful,  however,  by  the  subsequent  experiments  of  Bracon- 
not,  Boussingault,  and  others,*  whether  any  such  exudation  takes  place 
when  the  roots  are  uninjured ;  and  if  it  have  a  real  existence,  it  is  pro- 
bably to  be  regarded  less  an  excretion,  than  as  a  simple  act  of  exosmose, 
necessarily  connected  with  the  endosmose  by  which  water  is  taken-up 
into  the  organism  (§  177).  The  suj^posed  existence  of  such  exudations 
has  been  thought  to  account  for  the  fact,  that  the  growth  of  particular 
species  of  plants  favours  the  subsequent  development  of  other  kinds; 
whilst  there  are  other  species,  whose  growth  seems  to  leave  the  soil  in  a 

*  See  Mohl  "  On  the  Vegetable  Cell,"  translated  by  Henfrey,  p.  98. 
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much  worse  condition  than  before.  But  there  can  be  little  doubt  that 
much  of  the  latter  result  is  to  be  attributed  to  the  removal  of  particular 
ingredients  from  the  soil,  which  render  it  less  fitting  to  sustain  the  con- 
tinued growth  of  its  own  kind,  whilst  it  may  still  be  capable  of  affording 
the  requisite  support  to  such  as  need  some  different  materials  ;  and  it  is 
probably  in  this  manner  that  we  are  to  explain  the  well-known  fact  in 
forestry,  that  where  a  wood  principally  composed  of  one  species  of 
timber-trees  has  been  cleared  by  fire  or  otherwise,  the  trees  which 
spring-up  spontaneously  and  supply  the  place  of  the  former  growth,  are 
for  the  most  part  of  a  different  species;  and  the  success  of  the  'rotation  of 
crops'  in  agricultui-e  seems  chiefly  attributable  to  the  same  cause.  This, 
however,  may  not  be  all;  for  it  is  well  known  that  the  soil  is  more  bene- 
fited by  the  growth  of  a  crop  of  certain  Leguminous  plants,  such  as  Tre- 
foil, than  it  would  be  by  lying  absolutely  fallow;  and  this  can  scarcely 
be  due  to  anything  else,  than  its  impregnation  with  gummy  exudations 
from  the  roots  of  these  plants.  On  the  other  hand,  there  are  exudations 
which  are  positively  injurious ;  this  has  been  proved  to  be  the  case  with 
tannin,  which  is  given-off"  by  the  roots  of  the  Oak,  and  which,  even  in 
very  minute  proportion,  destroys  the  vitality  of  the  growing  tissues  of 
the  spongioles  of  other  plants ;  thus  aff'orcO.ng  an  explanation  of  the 
well-knovra  fact,  that  trees  transplanted  into  a  soil  in  which  oaks  have 
previously  grown,  seldom  flourish,  and  generally  die.  And  it  seems  not 
unlikely,  too,  that  Poppies  and  other  '  rank'  weeds  do  more  damage  by 
communicating  narcotic  exudations  to  the  soil,  which  deaden  the  vital 
powers  of  other  plants  growing  in  it,  than  by  any  exhaustive  influence 
exerted  by  them. 

3.  Secretion  in  Animals. 

398.  "We  have  seen  that,  in  the  j^rocess  of  Animal  Niitrition,  the  cir- 
culating current  not  only  deposits  the  materials  which  are  required  for 
the  renovation  of  the  solid  tissues ;  but  also  takes  hack  the  substances 
which  are  produced  by  the  decay  of  these,  and  which  are  destined  to  be 
thrown-off"  from  the  body.  We  have  also  seen  that  it  supplies  the  ma- 
terials of  certain  fluids,  which  are  separated  from  it  to  effect  various  pui-- 
poses  in  the  economy; — such  as  the  Salivary  and  Gastric  secretions, 
which  have  for  their  office  to  assist  in  the  reduction  of  the  food.  Now 
the  process  by  which  the  fluids  of  the  latter  kind  are  separated  from 
the  Blood,  is  identical  in  character  with  that  by  which  the  products 
of  decay  are  eliminated  from  it ;  and  the  structure  of  the  organs  con- 
cerned in  the  two  is  essentially  the  same.  Hence  both  processes  are 
commonly  included  under  the  general  term  Secretion;  which,  considered 
in  its  most  general  point  of  view,  may  be  applied  to  every  act,  by  which 
substances  of  any  kind  are  separated  from  the  blood;  but  which  is  usually 
restricted  to  those  cases,  in  which  the  substances  withdi-awn  are  not 
destined  either  to  be  restored  again  to  the  circulating  cuiTcnt  (as  in 
Assimilation),  or  to  form  part  of  the  textures  of  the  Living  fabric  (as  in 
Nutrition) ;  and  in  which  the  separated  product  has  a  liquid  or  more 
rarely  a  solid  form,  and  not  a  gaseous  (as  in  Respiration).  Viewed  imder 
this  limitation,  the  essential  character  of  the  true  Secreting  operation 
seems  to  consist, — not  in  the  nature  of  the  action  itself,  for  this  is  iden- 
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tical  with  those  of  Assimilation  and  Nutrition  bemg  a  process  of  cell- 
growth,— but  in  the  position  in  which  the  cells  are  developed,  and  the 
mode  in  which  the  products  of  their  action  are  aftei™ds^  cU^^^^^ 
Thus  the  cells  at  the  extremities  of  the  intestinal  villi  (§  182),  the  cells 
of  which  the  achpose  tissue  is  made-up,  and  the  cells  of  which  the  gi'eater 
part  of  the  substance  of  the  liver  is  formed  (§  409),  all  have  an  attraction 
for  fatty  matter;  and  draw  it  from  the  neighbouring  fluids,  at  the  expense 
of  wliich  they  are  developed,  to  store  it  up  in  their  own  cavities.  ±5ut 
the  cells  of  the  first  kind  deliver  the  materials  which  they  have  drawn-m, 
to  the  absorbent  vessels,  which  introduce  them  into  the  circulating 
cuiTent:— those  of  the  second  kind,  which  are  more  permanent  in  their 
chamcter,  retain  theii'  contents,  so  as  to  form  part  of  the  ordinary  tissues 
of  the  body,  until  they  are  required  to  give  them  up;— whilst  the  cells 
of  the  thii-d  class  cast  forth  tlieir  contents  into  the  hepatic  ducts,  by  which 
they  are  carried  into  the  intestinal  canal,  whence  a  portion  of  them  at 
least  is  directly  conveyed  out  of  the  body.  It  is,  then,  in  the  position  of 
the  Secreting  cells,— which  causes  the  product  of  their  action  to  be  deli- 
vered upon  a.  free  surface,  commimicating,  more  or  less  directly,  with  an 
external  outlet,— that  their  distinctive  character  depends.  All  the  proper 
Secretions  are  thus  poured-out  either  upon  the  exterior  of  the  body,  or 
into  cavities  provided  with  orifices  that  lead  to  it.  Thus  we  have_  seen 
that  a  very  large  quantity  of  fluid,  containing  a  considerable  quantity  of 
solid  matter,  of  which  it  is  desirable  that  the  system  should  be  freed,  is 
caiTied-ofi"  from  the  Cutaneous  surface.  Another  most  important  secre- 
tion, containing  a  large  quantity  of  solid  matter,  and  serving  also  to 
regulate  the  quantity  of  fluid  in  the  system, — namely,  the  Urinary, — is  set 
free  by  a  channel  expressly  adapted  to  convey  it  directly  out  of  the  body. 
The  same  may  be  said  of  the  Mammary  secretion ;  wliich  is  separated 
from  the  blood,  not  to  preserve  its  purity,  nor  to  answer  any  purpose  in 
the  economy  of  the  individual,  but  to  afibrd  nutriment  to  another  being. 
And  of  the  matters  secreted  by  the  very  numerous  glandulse  and  follicles 
situated  in  the  walls  of  the  Intestinal  canal,  a  great  part  seem  to  be  poured 
into  it  for  no  other  purpose,  than  that  they  may  be  carried  out  of  the  body 
by  the  readiest  channel. 

399.  The  cells  covering  the  simple  membranes  that  form  the  free  sur- 
faces of  the  body,  whether  external  or  internal,  are  all  entitled  to  be 
regarded  as  secreting  cells;  since  they  separate  various  products  from  the 
blood,  which  are  not  again  to  be  returned  to  it.  But  the  secreting  action 
of  some  of  these  seems  to  have  for  its  object  the  pi-otection  of  the  surface: 
thus  the  Epidermic  cells  of  the  skin  secrete  a  horny  matter,  by  which 
density  and  firmness  are  imparted  to  the  cuticle ;  whilst  by  the  Epithelial 
cells  of  the  mucous  membranes  of  the  alimentary  canal  and  of  other  parts, 
their  protective  mucus  seems  to  be  elaborated.  But  in  general  we  find 
that  special  organs,  termed  Glands,  are  set-apart  for  the  production  of 
the  chief  secretions ;  and  we  have  now  to  consider  the  essential  structure 
of  these  organs,  and  the  mode  of  their  operation. — An  ordinary  Gland 
may  be  said  to  consist  of  a  closely-packed  collection  of  follicles  (Fig.  173), 
all  of  which  open  into  a  common  channel,  by  which  the  product  of  the 
glandular  action  is  collected  and  delivered.  The  follicles  contain  the 
secreting  cells  in  their  cavities;  whilst  theii-  exterior  is  in  contact  with  a 
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network  of  blood-vessels,  from  which  the  cells  draw  the  materials  of  their 

growth  and  development  (Fig.  169).  lu 
any  one  of  the  higher  animals,  we  may 
trace-out  a  series  of  progressive  stages 
of  complexity,  in  the  various  glands  in- 
cluded within  their  fabric ;  and  in  fol- 
lowing any  one  of  the  glands  that  attain 
the  highest  degree  of  development  (such 
as  the  Liver  or  Kidney),  thi-ough  the 
ascending  scale  of  the  animal  series,  we 
shall  be  able  to  trace  a  very  similar  gra- 
Par^tid''^ic^td^°''^^^°'^^^^^^°^''^'''°^  dation  from  its  simplest  to  its  most  com- 
plex form.  Hence  we  see  that  there  can 
be  nothing  in  the /o?'m  or  disposition  of  the  components  of  the  glandular 
structure,  which  can  have  any  influence  upon  the  character  of  the  secre- 
tion it  elaborates ;  since  the  very  same  product, — i.  e.  the  Bile,  or  the 
Urine, — is  found  to  issue  from  nearly  every  variety  of  secreting  sti-ucture, 
as  we  trace  it  through  the  different  groups  of  the  Animal  kingdom.  The 
peculiar  power  by  which  one  organ  separates  from  the  blood  the  elements 
of  the  Bile,  and  another  the  elements  of  the  Urine,  whilst  a  tliird  merely 
seems  to  draw-off"  a  certain  amount  of  its  albuminous  and  saline  consti- 
tuents, is  obviously  the  attribute  of  the  ultimate  secreting  cells,  which  are 
the  real  agents  in  the  secreting  j)rocess.  Why  one  set  of  cells  should  secrete 
bile,  another  iirea,  and  so  on,  we  do  not  know;  but  we  are  equally  igno- 
rant of  the  determining  cause  which  makes  one  set  of  cells  convert  itself 
into  Bone,  another  into  Muscle,  and  so  on.  This  variety  in  the  endow- 
ments of  the  cells,  by  whose  aggregation  and  conversion  the  fabric  of 
the  higher  .Animals  is  made-up,  is  a  fact  wliich  we  cannot  explain,  and 
which  must  be  regarded  (for  the  present,  at  least,)  as  one  of  the  '  ulti- 
mate facts'  of  Physiological  Science. 

400.  Passing-by  the  extended  membranous  surfaces,  and  the  protective 
or  secreting  cells  with  which  they  are  covered,  we  find  that  the  simplest 
form  of  a  secreting  organ  is  composed  of  an  inversion  of  that  surface 
into  follicles,  which  discharge  their  contents  upon  it  by  separate 
orifices.    Of  this  we  have  a  characteristic  example  in  the  gastric  follicles. 


Fig.  170. 

B 


A,  GlaneUilai-  follicles  in  VentricidiisSuccenturiatusorFalBon.—B,  Gastric  glaud  from  the 
middlo  of  the  Human  Stomach;— c,  a  more  complicated  form  in  the  neighbourhood  of  the 
pylorus. 
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even  among  the  Mgher  animals;  the  apparatus  for  the  secretion  of  the 
Gastric  flufd  never  attaining  any  higher  conditi  on,  than  that  of  a  series 
of  distinct  follicles,  lodged  in  the  walls  of  the  stomach  and  povu-mg 
their  products  into  its  canity  by  separate  apertures.  In  Fig.  170,  A,  is 
represented  a  portion  of  the  '  ventriculus  succentui-iatus  of  a  Falcon,  in 
which  the  simplest  form  of  such  follicles  is  seen.  A  somewhat  more  com- 
plex condition  is  seen  in  some  of  the  Gastric  folHcles  of  the  Human  sto- 
mach (b  c);  the  surface  of  each  foUicle  being  further  extended  by  a  sort 
of  doublin^^  upon  itself,  so  as  to  form  the  commencement  of  secondary 
follicles,  which  open  out  of  the  cavity  of  the  primary  one.— Now  a  con- 
dition of  this  kind  is  common  to  all  glands,  m  the  first  stage  of  then- 
evolution;  and  in  this  stage  we  meet  with  them,  either  by  examinmg 
them  in  the  lowest  animals  in  which  they  present  themselves,  or  by  look- 
ing to  an  early  period  of  their  embryonic  development  in  the  highest. 
Thus,  for  example,  the  Liver  consists,  in  the  lowest  Mollusca,  of  a  series 
of  isolated  follicles,  lodged  in  the  walls  of  the  stomach,  and  pouring  their 
product  into  its  cavity  by  separate  orifices ;  these  follicles  being  recog- 
nised as  constituting  a  biliary  apparatus,  by  the  colour  of  their  secretion. 
And  in  the  Chick,  at  an  early  period  of  incubation,  the  condition  of  the 
Liver  is  essentially  the  same  with  the  p^^^  ^^^^ 

preceding ;  for  it  consists  of  a  cluster 
of  isolated  follicles,  not  lodged  in  the 
walls  of  the  intestine,  but  clustered 
round  a  sort  of  bud  or  diverticulum 
of  the  intestinal  tube,  which  is  the 
first  condition  of  the  hepatic  duct, 
and  into  which  they  discharge  them- 
selves (Fig.  180).  So,  again,  the 
Mammary  (r^anc?  presents  an  equally 
simple  structure  (Fig.  171)  in  that  lowest  type  of  the  Mammalian  class, 
the  Ornitliorhyncus ;  for  it  consists  of  nothing  else  than  a  cluster  of  cascal 
follicles,  discharging  their  contents  by  sepa- 
rate orifices  upon  the  surface  of  the  mam- 
mary areola.  And  in  like  manner,  the  Pan- 
creas makes  its  appearance  in  many  osseous 
Fishes,  in  the  condition  of  a  group  of 
large  cseca  (Fig.  126,  3),  that  seem  like  pro- 
longations of  the  stomach  into  wliich  they 
freely  open;  whilst  in  the  Octopus,  this 
gland  is  represented  by  a  single  such  appen- 
dage, which  is  prolonged  and  specially  con- 
voluted. A  transition  towards  a  higher 
form  is  seen  in  the  Cod,  whose  pancreas  is 
composed  of  a  numerous  group  of  prolonged 
CBecal  follicles,  clustered  round  the  com- 
mencement of  the  intestinal  canal,  and 
partly  coalescing  with  each  other  before 
they  enter  it  (Fig.  172).  Thus  it  may  be 
stated  as  a  general  rule,  that  every  gland 
presents  itself  under  this  most  elementary 
state,  alike  in  the  lowest  grade  of  the  animal  series  in  which  it  is  first 


Mammary  Gland  of  Ornithorhyncus . 


Fia.  172. 


Eudimentary  Pancreas  from  Cod: — 
o,  pyloric  extremity  of  stomacli;  b,  ia- 
testme. 
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traceable,  and  at  its  earliest  appearance  in  the  embryo  of  tlie  higher.  

The  next  grade  of  complexity  is  seen,  where  a  cluster  of  the  ultimate 
follicles  open  into  one  common  duct,  wlaich  discharges  their  product  by  a 
single  outlet ;  a  single  gland  often  containing  a  number  of  such  clusters, 
and  having,  therefore,  several  excretory  ducts.  A  good  example  of  such 
a  condition,  in  which  the  clusters  remain  isolated  from  one  another,  is 
seen  in  the  Meibomian  glands  of  the  eyelid;  each  of  which  consists  of  a 
double  row  of  follicles,  set  upon  a  long  straight  duct,  that  receives  the 
products  of  their  secreting  action,  and  pours  them  o\xt  upon  the  edge 
of  the  eyelid.  And  of  the  more  complex  form,  in  which  a  number  of 
such  clusters  are  bound-together  in  one  glandular  mass,  we  have  an 
illustration  in  the  accessory  glands  of  the  genital  apparatus  in  several 
animals,  which  discharge  their  secretion  into  the  urethra  by  numerous 
outlets ;  in  the  pancreas  of  the  higher  Cartilaginous  Fishes ;  or  in  the 
mammary  glands  of  Mammalia  in  general,  the  ultimate  foUicles  of  which 
are  clustered  upon  ducts  that  coalesce  to  a  considerable  extent,  though 
continuing  to  form  several  distinct  trunks  even  to  their  termination. 
Such  glands  may  be  subdivided,  therefore,  into  glandules  or  lohvles,  that 
remain  entirely  distinct  from  each  other. — In  the  highest  form  of  G-land, 
however,  all  the  ducts  unite,  so  as  to  form  a  single  canal,  which  conveys 

away  the  products  of  the  secreting  action  of  the 
Fia.  173.  entire  mass.    This  is  the  condition  vmder  which  we 

find  the  Liver  to  exist  in  most  of  the  higher  ani- 
mals; also  the  Pancreas,  the  Parotid  Gland,  and 
many  others.  In  some  of  these  cases,  we  may  still 
separate  the  gland  into  numerous  distinct  lobules, 
which  are  clustered  upon  the  excretory  duct  and  its 
branches,  like  grapes  upon  a  stalk  (Fig.  173);  in 
others,  however,  the  branches  of  the  excretoiy  duct 
do  not  confine  themselves  to  ramifying,  but  inoscu- 
late so  as  to  form  a  network,  which  passes  through 
the  whole  substance  of  the  gland,  and  which  con- 
Lobule  of  Parotid  Gland  i^ects  together  its  difi-erent^  parts,  so  as  to  render  the 
of Suman infant,Mei with  division  into  lobules  Icss  distinct.   This  seems  to  be 

mercmy;  magnified  50  dia-  ^^^^       ^^^^^^^  Liver  of  the  higher  Yer- 

tebrata. 

401.  Whatever  degree  of  complexity,  however,  prevails  in  the  general 
arrangement  of  the  elements  of  the  secretory  Glands  in  higher  animals, 
these  elements  are  themselves  everywhere  the  same;  consisting  of /o^^ic^e* 
or  tuhuU  that  enclose  the  real  secreting  cells  (Figs.  174  and  175).  Now 
from  the  history  of  the  development  of  Glands  in  general,  it  appeal's  that 
the  follicles  maj  he  considered  as  primary  cells;  and  that  the  secreting 
cells  are  secondarily  developed  in  their  interior,  from  the  nuclei  or  ger- 
minal spots  on  the  walls  of  the  first.  It  has  been  pointed  out  by  Prof. 
Goodsir,*  that  the  continued  development  and  decay  of  the  glandular 
structure,  in  other  words,  the  elaboration  of  its  secretion,  may  take  place 
in  two  difierent  modes : — In  one  class  of  Glands,  the  'primaiy'  cell,  having 
begun  to  develope  new  cells  in  its  interior,  gives  way  at  one  point,  and 
bursts  into  the  excretory  duct,  so  as  to  become  an  open  follicle,  instead 


*  "  Anatomical  and  Pathological  Observations,"  chap.  xv. 
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of  a  closed  cell :  its  contained  or  'secondary'  cells,  in  the  progress  of  their 
own  crrowth,  draw  into  themselves  the  matter  to  be  eliminated  from  the 
blood''  and  having  attained  their  full  term  of  life,  burst  or  liquefy  so  as  to 
discharge  their  contents  into  the  cavity  of  the  follicle,  whence  they  pass 
bv  its  open  orifice  into  the  excretory  duct:  and  a  continual  new  produc- 
tion of  secondary  cells  takes  place  from  the  germinal  spot,  or  nucleus,  at 
the  extremity  of  the  folUcle,  which  is  here  a  permanent  structure.  In 
this  form  of  gland,  we  may  frequently  observe  the  secreting  cells  existing 
in  various  stages  of  development  within  a  single  follicle;  their  size  in- 
creasing, and  the  character  of  their  contents  becoming  more  distinct,  m 
proportion  to  their  cUstance  from  the  germinal  spot  (which  is  at  the  blind 
termination  of  the  foUicle),  and  their  consequent  proximity  to  the  outlet 
(Fio-  175)  In  some  varieties  of  such  glands,  however,  (as  m  the  greatly 
prolonged  folHcles,  or  tubuli  uriniferi,  of  the  kidney)  the  production  of 
new  cells  does  not  take  place  from  a  single  germinal  spot  at  the  extremity 
of  the  follicle,  but  from  a  number  of  points  scattered  through  its  entire 
length.— In  the  second  tyi^e  of  Glandular  structures,  the  '  primary '  cell 
does  not  remain  as  a  permanent  follicle  ;  but,  having  come  to  maturity  and 
formed  a  connection  with  the  excretory  duct,  it  discharges  its  entire  con- 
tents into  the  latter,  and  then  sliiivels-up  and  disappears,  to  be  replaced 
by  newly-developed  folhcles.  In  each  primary  cell  of  a  gland  formed 
upon  this  type,  we  find  all  its  '  secondary'  or  secreting  cells  at  nearly  the 
same  grade  of  development ;  but  the  difierent  primary  cells,  of  which  the 
parenchyma  of  the  gland  is  composed,  are  in  very  different  stages  of 
growth  at  any  one  period,  some  having  discharged  their  contents  and 
being  in  progress  of  disappearance,  whilst  others  are  just  arriving  at 
matm-ity  and  connecting  themselves  with  the  excretory  duct;  others 
exhibiting  an  earlier  degree  of  development  of  the  secondary  cells; 
others  presenting  the  latter  in  their  incipient  condition ;  whilst  others 
ai-e  themselves  just  starting  into  existence,  and  as  yet  exhibit  no  traces 
of  a  secondary  brood. — The  former  seems  to  be  the  usual  type  of  the 
ordinary  Secreting  Glands ;  the  latter  is  chiefly,  if  not  solely,  to  be  met- 
with  in  the  Spermatic  glands. 

402.  The  purposes  answered  by  the  function  of  Secretion  we  have  seen 
to  be  two-fold :  namely,  the  separation  of  some  material  from  the  circu- 
lating fluid,  which  would  be  injurious  to  the  welfare  of  the  system  if 
retained  in  it ;  and  the  elaboration  of  a  product,  which  is  destined  to 
some  other  use  in  the  economy.  ISTow  it  is  probable  that  in  almost  every 
act  of  secretion,  both  these  purposes  are  in  some  degree  served :  the  blood 
being  freed  from  some  ingredient  whose  accumulation  would  be  superflu- 
ous, if  not  more  positively  injurious;  and  the  matter  separated  having 
some  secondary  pu.rpose  to  answer.  Thus,  whilst  Biliary  matter  becomes 
a  positive  poison  if  it  be  retained  in  the  blood,  it  contributes,  when 
poured  into  the  duodenum,  to  complete  the  digestive  process,  and  to  pre- 
pare the  nutrient  contents  of  the  intestinal  canal  for  absorption.  So, 
again,  the  Cutaneous  exhalation  not  only  removes  the  superfluous  water  of 
the  blood,  but  is  one  of  the  chief  means  of  regulating  the  temperature  of 
the  body.  And  even  the  Urine,  which  seems  to  be  eliminated  merely  for 
the  removal  of  the  products  of  the  disintegTation  of  the  tissues  from  the 
circulating  current,  is  sometimes  made  to  serve  an  additional  purpose ;  its 
acridity,  or  its  peculiarly  offensive  odour  (increased  under  the  influence  of 
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terror),  frequently  rendering  it  an  effectual  means  of  defence.  On  the 
other  hand,  the  secretions  which  are  separated  from  the  blood  for  the 
purpose  of  dischai-giag  some  important  office  in  the  economy,  usually,  if 
not  always,  contain  some  substances  whose  retention  in  the  blood  would 
be  injurious,  and  wliich  are  therefore  advantageously  got  rid  of  througli 
this  channel.  Thus  the  Salivary,  the  Gastric,  and  the  Pancreatic  fluids, 
all  contain  an  animal  principle  nearly  allied  to  albumen;  but  this  prin- 
ciple seems  to  be  in  a  state  of  change,  or  of  incipient  decomposition ;  and 
it  woidd  not  seem  improbable,  that  whilst  this  v.eiy  condition  renders  the 
albuminous  matter  useful  in  promoting  the  reduction  of  the  aliment,  it 
renders  it  unfit  to  be  retained  in  the  cii'culating  current. — It  is  impossible, 
therefore,  to  divide  the  secreted  products  strictly,  as  some  Physiologists 
have  attempted  to  do,  into  the  excrementitious  and  the  recrementitious  ; 
that  is,  into  those  which  are  purely  excretory  in  their  character,  and  those 
which  ai'e  subservient  to  farther  uses  in  the  economy ;  since  most,  if  not 
all  of  them,  partake  more  or  less  of  both  characters.  Still  it  is  con- 
venient to  group  them,  for  practical  piu-poses,  according  to  the  precZom- 
nance  of  one  or  other  of  the  objects  first  mentioned;  those  being  regarded 
as  Excretions,  in  which  the  depuration  of  the  blood  is  manifestly  the  chief 
end,  any  other  purpose  being  rendered  subservient  to  this;  and  those 
being  ranked  as  Secretions,  in  which  the  ulterior  pui-pose  of  the  separated 
fluid  would  seem  to  be  the  principal  occasion  of  its  production. 

403.  Another  classification  has  been  j)roposed,  of  which  the  foundation 
is  the  degree  of  resemblance  which  the  secreted  products  bear  to  the 
normal  constituents  of  the  Blood :  those  being  associated  into  the  first 
group,  in  which  the  characteristic  ingredients  are  altogether  unlike  those 
of  the  nutritive  fluid;  whilst  a  second  group  is  formed  of  those,  whose 
elements  seem  nearly  allied  to  the  components  of  the  blood.  This  classi- 
fication is,  in  fact,  almost  identical  with  the  preceding ;  for,  as  a  general 
rule,  all  the  cases  in  which  the  secreted  products  are  very  unlike  the 
constituents  of  the  blood,  are  those  in  which  they  are  most  directly  and 
speedily  removed  from  the  body ;  whilst  those  in  which  they  serve  some 
ulterior  purpose,  are  for  the  most  part  also  those,  whose  elements  differ 
least  from  the  comjDonents  of  the  blood. — The  products  of  the  first  class 
may  be  said  to  have  their  immediate  origin  in  the  disintegration  of  the 
tissues ;  and  we  find  the  amount  ia  which  they  are  generated,  to  be  in 
close  relation  to  the  operation  of  the  various  causes  which  tend  to  increase 
or  to  diminish  that  disintegration  (§§  113 — 117).  They  aU  act  as 
poisons,  if  retained  within  the  system  and  allowed  to  accumulate  even  for 
a  short  time ;  and  after  their  excretion,  they  speedily  resolve  themselves 
into  simple  combinations  of  inorganic  elements.  This  is  the  case,  for 
example,  with  Urea,  Biliary  matter,  and  the  putrescent  portion  of  the 
Faeces  •  all  of  which  may  be  regarded  as  the  products  of  the  metamor- 
phosis of  the  tissues,  on  their  way  towards  their  restoration  to  the  Inor- 
ganic universe  (§  389,  iv) ;  and  it  would  seem  to  be  because  they  have 
undergone  this  complete  metamorphosis,  that  their  presence  in  the  circu- 
latin<y  current  is  not  only  useless  but  injurious.  We  may  consider  that 
portion  of  the  carbonic  acid  thi-own-off  by  Kespii-ation,  which  is  the  result 
of  the  disintegration  of  the  tissues  (§  278),  as  the  most  important  of  these 
excretory  products,  being  the  one  whose  briefest  accumulation  gives  rise 
to  the  most  pernicious  results;  but  the  accumulation  of  biliary  matter  or 
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of  iirea,  caused  by  the  complete  stopjDage  of  the  hepatic  or  renal  excre- 
tions, usually  proves  fatal  in  from  one  to  two  days.  Of  the  products  of 
the  firat  class  it  maybe  said,  further,  that  many  of  them  may  be  detected  in 
the  circulating  blood,  on  account  of  their  marked  dissimilarity  in  chemical 
properties  to  its  other  constituents;  though  their  quantity  is  normally  ex- 
tremely minute,  since  they  are  eliminated  almost  immediately  that  they  are 
generated.  But  if  any  such  secretory  operation  be  checked,  then  the  pro- 
duct which  it  is  destined  to  remove,  speedily  makes  its  presence  apparent 
in  the  blood;  being  not  only  detectable  by  chemical  analysis,  but  also 
recognisable  by  the  symptoms  of  poisoning  to  which  it  gives  rise. — On 
the  other  hand,  the  products  of  the  second  class  seem  to  be  supplied 
rather  from  the  materials  of  the  blood  itself,  than  from  the  disintegration 
of  the  tissues ;  and  usually  bear  such  a  close  relation  to  the  normal  con- 
stituents of  the  circulating  fluid,  as  not  to  be  distinguishable  from  them. 
Such  are  the  elements  of  the  Salivary,  Gastric,  Pancreatic,  Lachrymal, 
and  Mammary  secretions.  Hence,  when  these  secretions  are  checked,  the 
consequences  are  more  apparent  in  the  susj)ension  of  the  function  to  which 
they  are  especially  subservient,  than  in  that  general  disorder  of  the  system 
which  indicates  a  contamination  of  the  blood. 

404.  As  it  would  be  quite  foreign  to  the  purpose  of  this  Treatise,  to 
enter  into  a  comparative  examination  of  all  the  Secreting  structures 
which  present  themselves  in  the  difierent  parts  of  the  Animal  series,  it 
will  be  advantageous  to  restrict  ourselves  for  the  most  jDart  to  two  sets  of 
organs — the  Biliary  and  Urinary, — being  those  which  are  most  generally 
distributed,  and  which  j^resent  themselves  under  the  greatest  variety  of 
forms  and  conditions.  In  the  examination  of  these,  we  shall  find  ample 
illustration  of  the  great  principles  of  specialisation  and  concentration 
already  so  frequently  referred-to ;  and  shall  also  meet  with  some  remark- 
able examples  of  that  interchange  of  function,  which  occasionally  takes 
place  even  in  the  most  complex  organisms. 

405.  The  Liver,  and  the  Secretion  of  Bile. — There  are  few  animals  pos- 
sessed of  a  distinct  digestive  cavity,  in  which  some  traces  of  a  biliary 
apparatus  (recognizable  by  the  colour  of  its  secretion)  cannot  be  distin- 
guished. Thus  in  the  Hydraform  Polypes,  cells  containing  a  yellowish- 
brown  matter  may  occasionally  be  seen  in  the  lining  of  the  stomach,  into 
the  cavity  of  which  they  probably  discharge  their  contents,  by  the 
rupture  or  solution  of  their  own  walls.*  Secreting  cells  of  a  similar  kind 
are  more  distinctly  seen  in  furrows  formed  by  duplicattires  of  the  lining 
membrane  of  the  stomach  of  the  Actinia  (Fig.  35).  In  the  Laguncula 
and  other  Bryozoa  (Fig.  49),  very  distinct  spots  may  be  observed  in  the 
panetes  of  the  stomach,  which  seem  to  be  composed  of  clusters  of  biliary 
cells  contamed  within  follicles;  and  during  digestion,  the  contents  of  the 
stomach  are  seen  to  be  tinged  with  a  rich  yellow-brown  hue  derived 
from  the  matter  discharged  from  these  follicles.  In  the  Earthworm 
again  the  large  annulated  alimentary  canal  is  completely  encased  in  a 
flocculent  external  coating,  which  consists  of  a  mass  of  minute  flask 
shaped  folhcles  filled  with  cells;  and  several  of  these  coalesce  to  dis- 
charge their  contents  by  a  common  orifice  into  the  digestive  cavitv  — 
Fassmg  a  little  higher,  as  well  in  the  Radiated,  as  in  the  Articulated  and 

*  See  Prof.  Allman  '  On  Cordylophora,' in  "  Pliilos.  Transact."  1853,  p.  370. 
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Molliiscous  groups,  we  find  the  hepatic  cells  clustering,  not  immediately 
around  the  digestive  stomach,  but  around  cJEcal  prolongations  of  this, 
which  thus  present  us  with  the  first  approximation  to  the  condition  of 
the  separate  glandular  mass,  which  we  meet-with  in  the  higher  animals. 
Thus  in  the  Asterias  (Fig.  37),  the  radiating  extensions  of  the  stomach 
have  their  walls  dilated  into  numerous  culs-de-sac ;  and  these  are  lined 
with  large  glandular  cells,  whose  colour  and  aspect  indicate  their  hepatic 
character.  So  in  the  Leech  and  many  other  Annelida,  whose  digestive 
cavity  is  more  or  less  sacculated  (Fig.  103),  the  walls  of  these  sacculi  are 
covered  with  biliaiy  cells,  as  are  also,  although  in  a  less  degree,  those  of 
the  central  canal.  In  the  Pycnogonidce,  again,  the  only  trace  of  hepatic 
organs  is  to  be  found  in  the  biliary  cells,  which  are  dispei-sed  through 
the  walls  of  the  cseca  prolonged  into  their  limbs  (Fig.  105);  and  it  is 
apparently  in  the  same  difiused  condition,  that  the  biliary  apparatus 
exists  in  the  Acarida  (§  54).  The  most  remarkable  example  of  this 
type  of  structure  in  the  Molluscous  series,  is  presented  by  certain  of  the 
Nudihranchiate  Gasteropods,  in  which,  notwithstanding  the  high  de- 
velopment which  the  liver  attains  in  most  other  orders  of  the  class,  it  is 
redviced  to  the  condition  of  clusters  of  simple  cells  arranged  round  csecal 
prolongations  of  the  stomach.  In  the  Eolis  (Fig.  104)  and  its  allies,  the 
stomach  gives-oflT  on  either  side  a  number  of  branches,  which  usually 
re-divide,  and  then  give-off  smaller  tubes,  which  are  continued  into  the 
numerous  papillse  that  clothe  the  dorsal  surface  of  these  animals,  and 
are  subservient  to  the  respiratory  function.  Each  of  these  papillse  con- 
tains a  central  canal,  which  is  sometimes  a  mere  dilated  tube,  but  which 
in  most  species  is  more  or  less  deeply  sacculated;  and  the  inner  surface 
of  these  simple  or  complex  c£eca  is  lined  with  hepatic  cells  of  irregular 
form. 

406.  In  the  greater  number  of  Mollusca,  however,  as  well  as  in  most 
Myriapoda,  Insecta,  Gricsiacea,  and  Arachnida,  we  find  the  biliary  organs 
considerably  more  detached  from  the  digestive  apparatus;  having  the 
form  either  of  prolonged  tubes,  or  of  clusters  of  shorter  follicles,  which 
coalesce  with  each  other  in  such  a  manner,  as  to  discharge  their  contents 
into  the  alimentary  canal  by  a  small  number  of  orifices ;  and  being  only 
connected  with  the  alimentary  canal,  by  the  ducts  through  which  their 
secretion  is  conveyed.  The  most  simple  type  of  this  kind  of  structm-e  is 
that  which  is  met- with  in  Insects;  in  which  class  the  biliary  organs  are 
usually  regarded  as  consisting  of  a  number  of  distinct  filiform  tubes 
(Fig.  57,  /,  f),  lying  in  close  apposition  with  the  sides  of  the  alimentaiy 
canal,  but  quite  disconnected  from  it,  except  at  the  points  where  they 
enter  it.  Where  their  number  is  small,  they  are  usually  greatly  elon- 
gated, being  sometimes  three  or  four  times  the  length  of  the  alimentary 
canal,'  and  are  tortuous  and  convoluted;  and  they  usually  open  separately 
into  the  intestinal  tube.  But  when  numerous,  they  are  proportionally 
short  •  and  two  or  three  of  them  frequently  coalesce  to  form  a  common 
trunk,  before  entering  the  intestine.  Their  number  varies  considerably ; 
in  sorne  Coleoj)tera,  there  are  but  two ;  in  Diptera,  there  are  generally 
four;  in  Lepidoptera,  six;  whilst  in  other  orders,  there  are  many  more. 
In  many  larvte,  the  biHary  tubes  are  themselves  furnished  with  lateral 
cseca  •  but  these  almost  always  disappear  as  the  insect  approaches  the 
imac^o  state;  a  less  active  biUary  secretion  being  then  apparently  suffi- 
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cient.  In  the  Melolordlm  (Cockchaffer),  however,  which  has  but  two 
bihaiy  vessels,  these  are  of  great  length,  and  retain  their  lateral  cseca. 
"When  carefully  examined,  these  tubes  are  found  to  consist  of  a  delicate 
tube  of  transparent  membrane,  the  inner  surface  of  which  is  covered  with 
secreting  cells;  owing  to  the  thinness  j^^^ 
of  the  tube,  the  cells  often  project,  so  a         '      '  b 

as  to  give  it  a  granulated  appearance 
when  viewed  with  the  naked  eye; 
and  generally  at  a  distance  from  their 
outlets,  the  sides  of  the  tubes  are  so 
irregular,  that  they  appear  as  if  folded 
upon  the  secreting  cells  to  keep  them 
together  (Fig.  174).*  From  the  dif- 
ference in  size  and  degree  of  deve- 
lopment between  the  cells  of  each 
tiibulus,  it  seems  probable  that  they 
originate  at  its  upper  extremity,  that 
they  are  gradually  being  pushed-on 
towards  its  outlet  by  the  growth 
of  new  broods  behind  them;  and 
that,  as  they  thus  advance,  they  ac- 
quire an  increase  in  size  by  their 
own  inherent  powers  of  development, 
at  the  same  time  drawing  into  them- 
selves the  peculiar  matters  which 
they  are  destined  to  eliminate  from 
the  circulating  fluids.  The  cells, 
having  attained  their  full  growth, 
and  completed  their  term  of  life, 
give-up  their  contents  by  the  rupture 
or  deliquescence  of  their  walls;  and  these  pass  down  the  central  cavity  of 
the  tube,  to  be  discharged  into  the  alimentary  canal. — It  is  by  no  means 
certain,  however,  that  this  constitutes  the  whole  of  the  biliary  apparatus 
of  Insects.  The  hepatic  tubuli,  when  traced  as  far  as  possible  from  their 
intestinal  connections,  do  not  seem  to  terminate  in  free  csecal  extremities 
but  lose  themselves  in  a  mass  which  has  been  usually  regarded  as  simply 
adipose,  but  which  has  been  shown  by  Dr.  T.  WilHamsf  and  Dr.  C.  H. 
JonesJ  to  be  composed  of  cells  in  various  stages  of  development,  closely 
resembHng  those  found  within  the  hepatic  tubuli;  these  cells  being 
usually  inclosed  in  vesicles,  which  are  sometimes  free,  but  are  sometimes 
connected  with  a  network  of  tubuli.  This  has  been  termed  by  Dr.  C.  H. 
Jones  the  parenchymatous  portion  of  the  liver ;  and  we  shall  hereafter  see 
that  it  appears  to  combine  the  functions  of  the  Liver  with  those  of  the 
Adipose  tissue  of  higher  animals  (§  417). 

407.  The  biHary  apparatus  of  the  Myriapoda  closely  resembles  that  of 

Sci*  "  JaiJ'^'lM*?       '  C'omparative  Structure  of  the  Liver,'  in  "Amer.  Journ.  of  Med. 

t  See  his  Essay  on  the  '  Comparative  Anatomy  of  the  Organs  of  Secretion,'  in  "  Guv's 
Kl  dSwn.  -any  of  the  facts  stated  ii  this  oS: 

X  "Philos.  Transact.,"  1849,  pp.  113,  114. 

E  E  2 


Structure  of  the  biliary  tubuli  of  Musca  carnaria 
(flesh-fly) : — A,  portion  of  trunk  and  two  branches, 
viewed  by  reflected  light,  and  under  a  low  magni- 
fying power: — B,  portion  of  a  biliary  tube  more 
highly  magnified,  exhibiting  the  arrangement  of 
the  secreting  cells,  and  the  mode  of  distribution 
of  the  tracheffi. 
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Insects ;  but  in  that  of  the  Crustacea  we  have  a  much  closer  approxima- 
tion to  the  Molluscan  tjqie,  in  which  the  biliaiy 
Fig.  175.  cells  are  inclosed  within  a  multitude  of  folUcles 

^  ,>  ';,.  »,,.  with  distinct  caecal  terminations  (Fig.  175), 

aggregated  together  into  a  lobulated  glandular 
mass.  On  a  careful  examination  of  these  fol- 
licles, and  a  comparison  of  the  size  and  con- 
tents of  the  cells  at  the  bottom  and  towards 
the  outlet,  it  becomes  evident  that  they  origi- 
nate in  the  former  situation,  and  gi-adually 
increase  in  size  as  they  advance  towards  the 
latter.  It  is  also  to  be  observed,  that  the  cells 
which  lie  deepest  in  the  caecum  {a,  b)  contain 
for  the  most  part  the  yellow  granular  matter, 
which  may  be  regarded  as  the  proper  biliary 
secretion:  but  as  they  increase  in  size,  they 
also  increase  in  the  quantity  of  oil-globules 
which  they  contain  (c),  until  beyond  the 
middle  of  the  follicle,  where  they  are  found  full 
of  oil,  so  as  to  have  the  appearance  of  ordinary 
fat-cells  [d,  e).  From  this  circumstance  it 
happens,  that  when  a  caecum  is  examined  with 
the  microscope,  its  lower  half  appears  filled 
with  a  finely-granular  matter,  intermingled 
with  nucleated  particles ;  and  the  upper  half 
with  a  mass  of  fat-cells,  whose  nuclei  are  ob- 
scured by  the  oily  particles.*  These  follicles 
are  clustered  into  lobules  (Fig.  176),  and  dis- 
charge the  products  of  theii-  secreting  action 
into  a  cavity  in  the  centre  of  each;  and  fi-om 
these  it  is  collected  by  ducts  that  coalesce  with 
each  other  to  form  a  small  number  on  either  side,  by  which  the  product 

of  the  whole  mass  (Fig.  5  8,  e) 
Fig.  176.  is  discharged  into  the  ali- 

^  mentary  canal.  Here,  as  in 

other  Ai'ticulata,  the  hepa- 
tic organs  present  a  perfect 
bi-lateral  symmetry.  In 
some  of  the  Entomostra- 
cous  Crustacea,  however,  as 
the  common  Daphnia2mlex, 
the  biliaiy  apjiaratus  is  re- 
duced to  that  simjDle  condi- 
tion, which  it  has  been 
already  described  as  pre- 
senting in  the  Bryozoa  and 
lower  Annelida ;  namely,  a 
set  of  cells  lodged  in  the 
walls  of  the  intestine  itself. — The  structure  of  the  biliary  organs  of  the 


One  of  the  Hepatic  cfeca  of  Asta- 
cua  affinis  (Crayfish),  highly magni- 
fled,  showing  the  progress  of  deve- 
lopment of  the  secreting  cells,  from 
the  blind  extremity  to  the  mouth  of 
the  follicle ;  specimens  of  these,  in 
their  successive  stages,  are  shown 
separately  at  a,  b,  c,  d,  e. 


Lobule  of  Liver  oiSquilla  Mantis;  a.,  exterior;  b,  cut  open. 


*  Leidy,  loc.  cit. 


'biliary  appabatus  of  mollusca  and  vertebbata. 
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Arachnida  has  not  been  fully  made-out ;  but  they  would  seem  to  par- 
take rather  of  the  character  of  those  of  the  Crustacea,  than  of  those  of  In- 
sects. From  the  short,  straight,  alimentary  canal,  there  pass-oflf  on  either 
side,  in  the  abdominal  region  of  the  Araneidce,  but  in  the  thoracic  region 
of  the  Scorpionidce,  several  pairs  of  caeca  (Fig.  106,  e),  which  subdivide 
and  then  lose  themselves  in  a  fatty  mass  of  considerable  size;  this  fatty 
mass  has  been  usually  regarded  as  nothing  else  than  adipose  tissue,  but 
its  hepatic  character  appears  from  recent  observations  to  be  unquestion- 
able; and  this  circumstance  adds  weight  to  the  opinion  of  those,  who 
consider  the  great  adipose  mass  in  the  body  of  Insects  as  biliary  in  its 
nature. 

408.  Throughout  the  Molluscous  series,  with  the  exceptions  already 
named,  the  liver  presents  the  same  type  of  structtire  as  in  the  Crustacea; 
and  the  chief  advance  which  we  see  in  ascending  the  series,  consists  in 
the  increasing  compactness  of  the  glandular  mass,  and  in  its  isolation  from 
the  walls  of  the  digestive  canal.  For  whilst,  in  the  higher  Tunicata  and 
Gonchifera,  its  lobules  cluster  round  the  pyloric  portion  of  the  stomach 
and  the  commencement  of  the  intestine,  and  discharge  their  secretion  by 
a  multitude  of  separate  orifices,  these  cluster  in  the  higher  Gasteropoda 
around  the  branches  of  a  single  or  multiple  common  duct  (Fig.  50, 1, 1,  T), 
very  nuich  as  in  the  Crustacea;  and  in  Geplialopoda,  the  lobules  are  so 
connected  together  as  to  form  a  compact  mass,  nearly  resembling  the 
liver  of  Fishes,  and  (like  it)  removed  to  a  distance  from  the  intestinal 
canal,  into  which  it  jsours  its  secretion  by  a  single  long  duct. 

409.  In  the  Vei'tebrated  classes,  on  the  other  hand,  the  plan  of  struc- 
tiu-e  of  the  Liver  undergoes  a  most  marked  change.*  It  no  longer  con- 
sists of  a  set  of  tubes  or  follicles,  containing  cells  which  stand  to  them  in 
the  relation  of  an  epithelium;  but  it  is  mainly  composed  of  a  solid 
parenchyma,  made-up  of  lobules  or  acini,  each  of  which  is  composed  of 
an  aggregation  of  cells,  surrounded  by  the  ultimate  ramifications  of  the 
biliary  ducts.    The  hepatic  cells,  in  the  liver  of  man  and 

of  higher  Vertebrata,  are  of  a  flattened  spheroidal  form       Fig.  177. 
(Fig.  177),  their  diameter  being  usually  from  l-1500th 
to  1-2 00 0th  of  an  inch;  each  of  them  has  usually  a  very 
distinct  nucleus,  the  cavity  surrounding  which  is  occu- 
pied by  yellowish  amoi-phous  matter,  usually  having 
one  or  two  large  adipose  globules,  or  five  or  six  small 
ones,  intermingled  with  it ;  and  the  cell- wall  is  much     glandular  eeUa  of 
more  distinct  than  that  of  most  other  glandular  cells.  Liver : — a,  nucleus ; 
apparently  denoting,  therefore,  an  unusual  degree  of  per-  pos°"particie's.''' 
manence  in  its  character.    These  cells  are  very  often 
arranged  with  their  flattened  sides  in  apposition  with  each  other,  in 
tolerably  regular  rows,  radiating  from  the  centres  of  the  lobules  towards 
their  periphery;  but  this  disposition  is  frequently  exchanged  for  a 
plexiform  or  quite  irregular  one.     They  are  imbedded  in  a  difiused 
granulous  plasma,  in  which  yoimg  cells  are  observable ;  these  being  appa- 
rently formed  by  a  collection  of  granular  matter  around  free  nuclei. 
It  has  been  usually  supposed  that  the  hepatic  cells  ordinarily  contain 

*  It  is  interesting  to  remark,  however,  that,  in  the  AmpJdoxus,  the  Liver  is  nothing 
more  than  a  ca:cal  prolongation  from  the  alimentary  canal  (Fig.  127,  I,  I)  siuTOunded  by 
hepatic  cells,  which  are  found  also  in  the  wall  of  the  intestine  itself. 
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Miary  matter;  but  such,  from  the  recent  inquiries  of  Dr.  Handfield 
Jones,*  appears  not  to  be  the  case,  save  in  exceptional  instances.  But 
the  peculiar  sugar  which  is  found  in  the  blood  of  the  hepatic  vein 
(§  362),  is  nearly  always  detectable  in  the  cellular  parenchyma :  and 
the  cells  are  sometimes  found  to  be  loaded  with  fat,  those  near  the 
margins  of  the  lobules  being  especially  prone  to  this  kind  of  accumu- 
lation. In  Fishes  and  Eeptiles,  indeed,  the  hepatic  cells  generally  are 
as  full  of  oil  as  are  those  of  the  Crustacea ;  so  that  the  livers  of  the  Cod 
and  other  large  fishes  yield  a  considerable  supply  of  it.  In  Bu-ds,  on 
the  other  hand,  the  hepatic  cells  are  more  free  from  fat-globules,  than 
are  those  of  Mammalia.  These  differences  will  be  seen  to  have  an 
important  signification,  when  taken  in  connection  with  the  probable 
action  of  the  organ  in  these  different  groups  (§  417).  The  amounts  of 
Sugar  and  of  Fat  in  the  hepatic  parenchyma,  are  commonly  in  an  in- 
verse ratio  the  one  to  the  other;  and  this  is  true  also  of  the  proportions 
of  these  substances  in  the  blood  of  the  hepatic  vein. 

410.  The  smallest  branches  of  Hepatic  Ducts  are  distributed  through 
the  fissures  between  the  lobules ;  coming  into  relation,  therefore,  with 
their  peripheries,  but  not  being  in  peculiarly  intimate  contact  with  their 
parenchymatous  tissue.  If  any  branches  come-ofi"  from  the  interlobular 
ducts,  to  enter  the  substance  of  the  lobules,  they  are  very  few  in  number, 
and  do  not  penetrate  far.  Their  termination  by  closed  extremities  cannot 
be  always  distinctly  seen ;  and  sometimes  they  appear  to  "  lose  them- 
selves," without  any  distinct  endings ;  there  is  no  sufiicient  gi-ound,  how- 
ever, to  believe  that  they  ever  form  a  plexus  in  the  substance  of  the 
lobules,  as  some  have  maintained.  The  terminal  portions  of  the  ducts 
are  crowded  with  nuclear  jDarticles  and  granular  matter,  resembling  that 
which  forms  the  intercellular  plasma  of  the  lobules;  there  are  also  cells 
which  seem  identical  with  those  of  the  parenchyma,  except  that  their 
walls  seem  tliinner  and  their  contents  more  pellucid;  and  fragments  of 
similar  cells  are  often  to  be  seen;  whilst  the  columnar  epithelium  which 
lines  the  larger  ducts  is  almost  or  entirely  wanting.  These  appeai'ances, 
which  correspond  to  those  presented  by  the  tubuli  of  the  cortical  sub- 
stance of  the  kidneys,  indicate  that  an  active  seci'etory  function  is  going- 
on  in  this  position ;  and  point  to  the  cells  and  nuclear  particles  within 
the  biliary  ducts,  as  the  cliief  instruments  in  the  elimination  of  bile. 

411.  With  this  change  in  the  plan  of  structure  of  the  Liver,  a  very 
marked  change  in  the  distribution  of  its  Blood-vessels  is  connected.  In 
the  Invertebrata  generally,  this  organ  is  supplied  with  blood  from  a 
single  source ;  namely,  by  a  branch  of  the  principal  systemic  artery.  This 

*  The  Author  feels  bound  to  state,  that  notwithstanding  he  had  formerly  accepted  the 
statements  of  thi-ee  eminent  Anatomists,  Prof.  Retzius,  Dr.  Leidy,  and  Dr.  Natalis  Gruillot, 
on  the  plexiform  arrangement  of  the  bile-ducts  in  the  liver,  as  that  which  corresponded 
best  with  his  own  observations,  and  which  was  at  the  same  time  most  probable  ia  itself, 
he  has  been  since  convinced  by  the  facts  and  arguments  adduced  by  Dr.  Handfield  Jones, 
taken  in  connection  with  the  parallel  phenomena  presented  by  the  '  Vascular  Glands,' 
that  the  view  of  the  compound  nature  of  the  Hepatic  structure  which  Dr.  J  ones  was  the 
first  to  propound,  is  really  the  correct  one,  and  that  the  appearances  which  have  led  both 
himself  and  others  to  a  belief  in  the  plexiform  arrangement  of  the  bUe-ducts,  are  fallacious. 
Dr.  H.  Jones's  Memoirs  'On  the  Structure,  Development,  and  Function  of  the  Liver,' 
contained  in  the  "Philosophical  Transactions"  for  1846,  1849,  and  1853,  are  worthy  of 
most  attentive  study. 
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supply  is  still  continued  in  the  Vertebrated  classes :  for  i\,e  Hepat%c  artery, 
mven-off  from  the  aorta,  enters  the  liver  with  the  biliary  ducts,  the 
ramifications  of  which  it  accompanies  in  their  course  to  the  individual 
lobules  ■  and  it  is  upon  the  walls  of  these  ramifications,  that  its  capi  laries 
are  chiefly  distributed.  But  the  principal  supply  of  blood  which  the 
liver  receives,  is  that  brought  to  it  by  the  Portal  trunk,  which  is  formed 
by  the  convergence  of  the  veins 
of  the  digestive  apparatus,  with 
the  addition,  in  the  inferior 
Vertebrata  of  those  of  the  pos- 
terior part  of  the  body  and  tail 
(§§  240, 245).  The  branches  of 
this  vessel  (which,  so  far  as  re- 
gards its  distribution,  is  as  much 
an  art&ry  as  is  the  aorta  of 
Fishes)  form  a  plexus  between 
the  lobules  (Fig.  178)  j  and  from 
this  plexus,  a  set  of  converg- 
iag  twigs  proceeds  towards  the 
centre  of  each  lobule,  supply- 
ing a  capillary  network  in  its 
substance.  In  the  centre  of  each 
lobule  a  radicle  of  the  hepatic 
vein  takes  its  origin,  collecting 

the  blood  from  the  capillary  net-  ^^^^^^     ^^^^  ^^^^^^.^^ 

work,  and   Umtmg  Wltn  omer   j^^^^  showing  the  two  principal  systems  of  blood-veasels; 

vQrl^nli^a  +n  fnrm  the  trunk  of  a,  a,  wiira-lobular  veins,  proceeding  from  the  Hepatic 
radicles    to  lorm  me   xrunit  Ul   ^^j^'g.  j  j^  i^^^^.loljular  plexus,  formed  by  branches  of 

the  Hepatic  Vein,  by  which  the  the  Portal  veins, 
blood  is  carried  into  the  Yena 

Cava.  Owing  to  the  peculiar  position  of  the  branches  of  the  hepatic 
vein  in  the  centre  of  each  lobule, 

the  lobules  are  appended  (as  it  were)  Fig.  179. 

to  these  branches,  like  fruits  upon  a 
stalk  (Fig.  179).  The  precise  rela- 
tion of  the  capillaries  of  the  hepatic 
artery  to  those  of  the  portal  and 
venous  systems,  has  not  been  ascer- 
tained beyond  all  doubt ;  but  there 
seems  reason  to  believe,  with  Mr.Kier- 
nan,  that  the  arterial  capillaries 
discharge  themselves  into  the  ulti- 
mate ramifications  of  the  portal  vein ; 
and  that  thus  the  blood  of  the  former, 
having  become  venous  by  passing 
through  them,  miagles  with  the 
other  venous  blood  conveyed  by  the 
portal  trunk  into  its  capillary  network. — Now  when  we  compare  this 
very  remarkable  arrangement  of  the  blood-vessels,  with  the  arrangement 
of  the  parenchymatous  tissue  and  the  bile-ducts  ;  when  we  call  to  miad, 
also,  the  typical  structure  of  the  '  Yascular  Glands'  (§  370),  with  respect 
to  whose  assimilating  action  there  can  be  no  longer  any  reasonable  doubt ; 


Connection  of  the  Lobules  of  the  Liver  with  the 
Hepatic  Vein; — a,  trunk  of  the  vein;  b,  b,  lobules 
depending  from  its  branches,  like  leaves  on  a  tree ; 
the  centre  of  each  being  occupied  by  a  venous  twig, 
the  Intralobular  Vein. 
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and  when  we  recollect  that  there  is  ample  evidence  of  a  similar  action 
being  performed  by  the  Liver  (§  366);  it  seems  almost  impossible  to 
resist  the  inierence,  that  the  peculiai-  arrangement,  both  of  the  structural 
elements  of  the  organ,  and  of  the  blood-vessels  which  supply  it,  has 
reference  to  this  combination  of  ^ssMa^m^r  and  >S'ecre(:'m(/ operations- 
the  parenchymatous  substance  of  the  liver,  which  is  supplied  by  the 
portal  system  of  vessels,  being  essentially  the  instrument  of  the  former 
whilst  the  hiliary  ducts  with  their  contained  cells,  which  are  supplied  by 
the  hepatic  artery,  are  (as  in  secreting  glands  generally)  the  organs 
whereby  the  latter  are  immediately  effected.  There  seems  no  adequate 
reason,  however,  for  asserting  that  the  parenchymatous  portion  of  the 
liver  takes  no  concern  in  the  secretion  of  bile;  on  the  contrary,  there 
seems  every  probability,  from  the  intimate  association  of  the  two  sets  of 
actions— the  converting  and  the  secreting— in  the  same  organ,  that  the 
latter  is  to  a  certain  extent  the  complement  of  the  former,  biliary  matters 
being  eliminated  in  the  very  act  of  the  metamorphosis  to  which  certain 
of  the  components  of  the  blood  are  subjected.  The  ordinary  absence  of 
biliary  matter  from  the  contents  of  the  hepatic  cells,  is  no  objection  to 
this  view ;  since,  if  this  matter  be  transmitted  from  cell  to  cell,  towards 
the  periphery  of  each  lobule,  as  fast  as  it  is  formed,  we  should  no  more 
expect  to  find  it  in  the  parenchyma,  than  we  expect  to  find  any  quantity 
of  urea  in  the  blood,  when  the  kidneys  ai'e  duly  performing  their  func- 
tions. On  the  other  hand,  the  fact  that  the  hepatic  cells  are  occasionally 
found  to  be  turgid  with  biliary  matter,  when  the  final  eliminating 
process  is  in  some  way  interfered- with,  seems  to  indicate  that  they  are 
concerned  in  its  separation  from  the  blood;  although  this  action  may  be 
altogether  subordinate  to  the  converting  influence  which  they  exercise 
upon  the  blood  itself.* 

412.  The  history  of  the  develojyment  of  the  Liver  in  the  higher 
animals,  presents  many  points  of  most  interesting  analogy  to  the  jDerma- 

nent  conditions  which  the  organ 
fiG-  ISO.  lias  been  thus  shown  to  jDossess  in 

the  lower;  and  at  the  same  time 
tlu-ows  light  upon  its  function. 
The  first  rudiment  of  the  gland  is 
formed  by  a  collection  of  cells 
(forming  a  portion  of  the  origi- 
nal embryonic  mass,  that  has  not 
yet  undergone  conversion),  in  the 
neighbourhood  of  that  spot  in  the 
intestinal  canal,  at  which  the  hepa- 

Origin  of  the  Xt.er  on  the  intestinal  waU  in  the  duct   is   Subsequently  to  dis- 

embryo  of  the  Fowl,  on  the  fourth  day  of  incubation :  charge  itself.    This  thickening  in- 

— a,  heart;  6,  intestine;  c,  everted  portion  becoming  °                ±     jy                   •  j.- 

conliectedWithUTer;     Uver;  e,  portion  of  yoUc-bag.  CrcaseS,  SO  aS  tO  lorm  a  projection 

upon  the  exterior  of  the  canal  ; 
and  soon  afterwards  the  lining  membrane  of  the  intestine  dips-down 
into  it,  so  that  a  kind  of  cfficum  is  formed,  surrounded  by  a  mass  of  cells, 

*  That  the  supply  of  blood  brought  by  the  Hepatic  Ai-tery  is  subservient  in  Vertebrata, 
as  in  Invertebrata,  to  the  secretion  of  bile,  is  proved  by  the  fact,  that  if  the  Vena  Portie 
be  tied,  the  bile  is  still  formed ;  whilst  that  it  is  not  the  sole  source  of  the  secretion,  is 
indicated  by  the  fact,  that  the  amount  of  bile  is  diminished  by  the  operation. 
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as  shown  in  Fig.  180.  Kow  here  we  have  the  obvious  representation  of 
the  hepatic  organs  of  the  lower  Invertebrata ;  which,  in  their  simplest 
forms  are  nothing  else  than  isolated  cells,  situated  in  the  walls  of  the 
alimentaiy  canal  itself;  whilst,  in  their  next  grade,  they  are  clustered 
roimd  a  c«cal  diverticulum  from  its  cavity.  The  condition  of  the  Liver 
in  Amphioxus  is  almost  precisely  represented  by  that  of  the  embryo  Fowl 
at  the  fourth  or  fifth  day.  The  increase  of  the  organ  seems  to  take 
place  by  a  continual  new  budding-forth  of  ceUs  from  its  peripheral  portion ; 
and  a  considerable  mass  is  thus  formed,  before  the  caecum  in  its  interior 
imdergoes  any  extension  by  ramifications  into  it.  Gradually,  however, 
the  cells  of  the  exterior  become  metamorphosed  into  fibrous  tissue  for  the 
investment  of  the  organ ;  those  of  the  interior  break-down  into  ducts, 
which  are  at  first  developed  independently,  but  subsequently  come  into 
continuity  with  the  intestinal  c£ecum,  and  which  are  lined  by  muscular 
and  fibrous  tissues  developed  from  the  primitive  cellular  blastema ;  whilst 
those  which  occupy  the  intervening  space,  and  which  form  the  bulk  of 
the  gland,  give  origin  to  the  cells  of  the  parenchyma.  As  this  is  going 
on,  the  hepatic  mass  is  gradually  removed  to  a  distance  from  the  wall  of 
the  alimentaiy  canal;  and  the  csecum  is  narrowed  and  lengthened,  so  as 
to  become  a  mere  connecting  pedicle,  forming,  in  fact,  the  main  trunk  of 
the  hepatic  duct. — Thus,  then,  the  Liver  of  Yertebrata  exists  in  the  first 
instance,  as  a  parenchymatous  mass,  which  originates  independently  of 
any  ofiset  from  the  alimentary  canal,  and  which  essentially  resembles 
that  of  which  the  Assimilating  Glands  are  composed ;  and  the  history  of 
its  development,  therefore,  fully  sanctions  the  view  of  the  essentially  double 
nature  of  the  organ,  which  has  been  founded  upon  its  structure  and  upon 
what  can  be  ascertained  of  its  modus  operandi. 

413.  We  have  now  to  inquire  into  the  characters  of  the  Bile,  and  the 
piu'poses  to  which  it  ministers  in  the  Animal  economy. — Of  the  soHd 
matter,  which  forms  nearly  a  tenth  part  of  the  whole  secretion,  about  an 
eighth  part  is  composed  of  alkaline  and  earthy  salts,  corresponding 
with  those  found  in  the  blood,  but  not  bearing  the  same  proportions  to 
each  other ;  soda  being  present  (apparently  in  a  state  of  actual  combina- 
tion with  bUiaiy  matter)  in  such  amount  as  to  be  peculiarly  characteristic 
of  this  product.  The  organic  constituents,  which  make-up  the  remainder 
of  the  solid  matter  of  the  bile,  are  acted-upon  by  reagents  with  peculiar 
facility,  and  are  thus  liable  to  be  changed  by  the  processes  which  are 
merely  intended  to  separate  them ;  and  hence  the  accounts  of  them  given 
by  different  Chemists  have  been  far  from  being  conformable  with  each 
other.  It  appears,  however,  that  the  fundamental  component  of  Bile 
is  a  fatty  or  rather  a  resinous  acid,  now  termed  Cholic,  from  which  nitro- 
gen is  altogether  absent,  whilst  oxygen  is  present  in  it  in  only  a  small 
proportion,  its  formula  being  48  Carbon,  39  Hydrogen,  9  Oxygen.  This 
forms  a  '  conjugated'  compound  with  Glycine  (or  gelatine-sugar),  which  is 
termed  glycocholic  acid;  and  it  is  this  acid  (formerly  known  as  the  hilic  or 
clwlic  acid)  which  is  the  principal  organic  constituent  of  the  bile  of  most 
animals ;_  being  imited  in  that  fluid  with  potash  and  soda  as  bases,  and 
not  having  a  sufficiently  strong  acidity  to  prevent  its  salts  from  possess- 
ing an  alkaline  reaction.  The  formula  of  this  acid  is  Q^„  N  O  +  HO 
—Cholic  acid,  however,  forms  another  'conjugated' "compound  with 
tam-ine,  a  neutral  substance  containing  25  per  cent,  of  sulphur;  and  this 
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tauroclkolic  acid,  tliough  existing  in  bile  in  smaller  quantity  than  the  pre- 
ceding, has  yet  the  important  function  of  keeping  it  in  solution,  by  its 
remarkable  power  of  dissolving  fatty  bodies,  and  by  its  own  ready  solu- 
biUty  in_  water.  Its  formula  is  H^,  NS„  O,^.  A  small  quantity  of 
Gholeslerine,  a  white  crystallizable  fatty  substance  whose  formula  is 
^36  0,  also  exists  in  bile  j  in  many  disordered  states,  this  accumulates  in 
large  amount ;  and  it  forms  the  principal  ingredient  of  most  biliary  con- 
cretions, being  sometimes  their  sole  constituent. — The  peculiar  Colourino' 
matter  of  bile,  or  Bile-Pigment,  is  a  substance  which  it  is  very  difficult 
to  examine  satisfactorily,  on  account  of  its  extreme  instability.  It  is  re- 
markable for  the  large  propoi-tion  of  carbon  which  it  contains,  this  being 
no  less  than  68  per  cent.;  and  it  forms  insoluble  compounds  with  lime, 
which  enter  largely  into  the  composition  of  some  biliary  calculi.  Although 
its  chemical  characters  have  not  yet  been  satisfactorily  made-out,  there 
seems  much  probability  that  it  is  related  to  the  colouring-matter  of  the 
blood ;  for  the  addition  of  a  mineral  acid  to  the  colouring-matter  of  bile 
produces  remarkable  changes  in  its  hue,  converting  the  yellowish  matter 
successively  into  green,  blue,  violet,  red,  and  brown;  in  fact,  precisely 
into  those  colours  which  are  exhibited  by  the  coloixring-matter  of  the 
blood,  as  left  in  an  '  ecchymosis'  in  process  of  departure. 

414.  There  is  every  probability  that  these  substances  exist  in  the  blood, 
in  a  condition  not  very  dissimilar  to  that  in  which  they  are  found  in  the 
product  secreted  from  it.  Thus  Cholesterine  may  be  obtained  from  blood- 
serum,  by  an  analytical  process  of  no  great  complexity ;  and  its  presence 
there  is  manifested  by  its  occasional  deposit,  as  a  result  of  diseased  action, 
in  other  parts  of  the  body,  es23ecially  in  the  fluids  of  local  dropsies.  The 
Colouring-matter  appears  to  be  derived,  directly  or  indirectly,  from  the 
hsematine  of  the  blood.  Of  the  Biliary  acids,  however,  it  can  only  be  said 
that  their  indefinite  reactions  have  hitherto  prevented  their  detection 
in  the  blood  by  chemical  tests ;  and  much  yet  remains  to  be  learned  re- 
garding their  history.  From  the  considerations  to  be  presently  adduced, 
it  would  seem  probable  that  biliary  matter  does  not  exist  as  such  in  the 
bl(3iDd,  previously  to  the  formation  of  the  secretion;  but  that  its  elements, 
derived  from  the  disintegration  of  the  tissues,  are  present  in  the  circu- 
lating fluid  under  some  more  pernicious  form,  and  are  transformed 
by  the  agency  of  the  liver,  in  order  that  they  may  be  re-absorbed  in  a 
less  noxious  condition,  to  be  finally  eliminated  by  the  respiratory  process. 
It  is  certain  that  the  efiects  of  the  re-absorption  of  bile  into  the  blood,  as 
seen  in  ordinary  cases  of  jaundice  dependent  upon  obstruction  of  the 
biliary  ducts,  are  not  nearly  so  injiirious  as  are  those  of  the  retention  of 
the  elements  of  the  secretion,  consequent  upon  deficiency  of  the  secreting 
power  of  the  liver;  for  whilst,  in  the  latter  case,  death  speedily  supervenes, 
if  no  other  outlet  be  found  for  the  excrementitious  matter,  no  severe 
injury  necessarily  arises  from  the  accumulation  of  biliary  matter,  in  the 
former,  to  even  such  an  extent  that  the  tissues  in  general  are  tinged  by  it. 
And,  as  will  presently  appear,  there  is  strong  reason  to  believe  that  the  re- 
absorption  of  biliary  matter  into  the  circulating  cm-rent,  is  the  means  by 
which  it  is  finally  carried  out  of  the  system. 

415.  The  special  purposes  answered  by  the  secretion  of  Bile  are  still 
involved  in  considerable  obscui-ity ;  but  more  definite  and  probably  more 
correct  ideas  in  regard  to  them  are  gradually  being  evolved;  and  thefol- 
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lowinff  may,  perhaps  be  regarded  as  tolerably  well-established  truths  —In 
the  first  place  the  bile  must  be  considered  as  an  excrementitious  substance, 
derived  from  the  disintegration  of  the  tissues,  or  from  the  decomposition 
of  the  elements  of  the  blood;  and  it  serves  especially  to  remove  from  the 
blood  the  hydro-carhonaceous  portion  of  the  effete  m^tievB  the  nttrogenous 
beinc  eliminated  in  the  urine.  It  has  been  pointed-out  by  Prof.  Liebig, 
that°if  we  add  to  half  the  formula  representing  the  ultimate  composition 
of  Ule  the  formula  of  urate  of  ammonia  (which  is  the  characteristic  com- 
ponent of  the  urine  of  all  animals  save  Mammalia),  the  sum  gives  the  pro- 
portionals of  the  ultimate  components  of  dried  hlood  or  oi  flesh,  with  the 
addition  of  1  eq.  of  oxygen  and  1  eq.  of  water.    For  j — 

Half  an  equivalent  of  Biliary  matter  .  .  =  38  C,  33  H,  N,  11  0 
One  equivalent  of  Urate  of  Ammonia   .    .     =10  0,    7  H,  5  N,    0  0 

Tlie  sum  of  wMch     .    .    =  48  C,  40  H,  6  N,  17  0 

And,  in  like  manner; — 

Formula  of  Blood  =  48  C,  39  H,  6  N,  15  0 


1  Eq.  of  Water +  1  Eq.  of  Oxygen 


H  20 


48  0,  40 H,  6K,  17  0 

Now  although  it  must  be  admitted  that,  by  a  dexterous  management 
of  formulse,  almost  any  kind  of  transformation  may  be  effected  on  paper, 
yet  this  coincidence,  without  any  management  at  all,  is  so  close,  that  it 
cannot  be  regarded  as  accidental;  and  we  seem  fairly  entitled  to  look 
upon  the  principal  materials  of  the  animal  fabric  as  partly  resolving 
themselves  in  their  disintegration,  into  the  characteristic  components  of 
the  two  principal  excretions,  the  IJrinary  and  the  Biliary.  Of  course  this 
resolution  only  expresses  a  part  of  the  metamorphoses  which  the  tissues 
undergo;  for  the  creatine  and  creatinine  of  the  urine,  and  the  fsecal 
matters  of  the  alimentary  canal,  must  be  regarded  in  the  same  light ;  and 
there  are  doubtless  other  excrementitious  matters  (included  in  the  general 
term  'extractive'),  of  which  we  know  still  less,  that  must  be  attribu^d 
to  a  like  origin.    But  it  seems  satisfactorily  to  account  for  the  com- 
ponents of  the  biliary  matter;  since  they  form  the  complement  of  the 
urinary ;  so  that  the  formation  of  each  excretion  seems  to  involve  that  of 
the  other. — Now,  that  the  Bile  is  in  its  essence  an  excrementitious  product, 
and  that  the  assistance  it  may  afford  in  the  digestive  process  is  not  the 
principal  purpose  of  its  secretion,  appears  further  from  this ;  that  it  is 
eliminated  during  the  latter  part  of  embryonic  life,  and  that  it  then  ac- 
cumulates in  the  alimentary  canal,  forming  a  large  part  of  the  meconium 
which  is  discharged  soon  after  birth.    But  from  the  time  that  respiration 
commences,  and  during  the  whole  subsequent  life,  it  appears  from  che- 
mical analysis  of  the  faeces,  that  not  much  of  the  bile,  save  its  colouring 
matter,  is  evacuated  in  the  state  of  health ;  so  that  a  large  part  of  that 
which  ispov/red  into  the  alimentary  canal,  must  he  re-absorbed  through  the 
blood-vessels  and  lymphatics  of  its  walls.    And  there  can  be  little  doubt 
that,  when  thus  re-absorbed,  and  taken  into  the  current  of  the  circulation 
in  a  less  noxious  form  than  that  in  which  its  elements  previously  existed, 
the  biliary  matter  is  chiefly  eliminated  by  the  respiratory  process;  its 
sulphur,  however,  being  oxidised,  that  it  may  be  carried-off  by  the  urine, 
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and  Its  soda  bemg  eliminated  by  the  same  channel.  In  this  point  of 
view,  the  secretion  of  bile  may  be  regarded  as  the  intermediate  stage  be- 
tween the  disintegration  or  '  waste'  of  the  tissues,  and  the  final  elimination 
lun  products  of  that  waste  by  the  instrumentahty  of  the 

416,  But  that  the  Bile  performs  some  subsidiary  function  in  the  Diges- 
tive process,  woidd  also  seem  beyond  doubt.  It  is  not,  however,  a  suffi- 
cient indication  of  this,  that  we  should  find  the  outlet  of  the  hepatic 
organs,  thi-ough  the  entire  Animal  Kingdom,  to  be  in  the  part  where 
digestion  is  most  actively  going-on;  for  it  might  be,  that  the  dis- 
charge of  the  bile  into  the  upper  part  of  the  alimentary  canal,  has 
reference  merely  to  its  re-absorption.  But  it  appears  from  the  results  of 
numerous  experiments,  that  when  the  bile-duct  is  divided,  and  its  ex- 
tremity is  drawn  out  of  the  body,  in  such  a  manner  that  it  can  freely 
discharge  the  hepatic  secretion,  but  this  is  prevented  from  passing  into 
the  alimentary  canal,  the  animals,  although  they  do  not  at  first  appear  to 
suffer  much  in  health,  gradually  become  emaciated,  and  at  last  die  of  in- 
anition, unless  they  are  allowed  to  receive-back  the  bile  by  licking  the 
wound,  in  which  case  they  survive.  And  it  seems  proved  by  the  inves- 
tigations of  Lehmann  and  Frerichs,  that  although  the  pancreatic  fluid 
certainly  possesses  considerable  power  of  '  emulsifying'  the  oleaginous 
matters  in  the  alimentary  canal,  yet  that  it  answers  this  purpose  much 
more  effectually  when  mingled  with  bile,  which  possesses  an  emulsifying 
power  of  its  own. 

417.  Thus,  then,  if  we  bring  together  all  the  facts  at  present  in  our 
possession,  with  reference  to  the  offices  of  the  Hepatic  apparatus,  they 
seem  to  lead  to  these  conclusions. — 1.  That  it  is  essentially  an  organ  of 
excretion,  designed  to  remove  from  the  circulating  fluid  that  portion  of 
the  products  of  disintegration,  of  which  the  principal  component  of  the 
urinary  excretion  is  the  '  complement.' — 2.  That  in  doing  this,  it  converts 
the  greater  part  of  the  excrementitious  matters  into  the  conjugated  biliary 
acids;  substances  which  can  be  reabsorbed  with  less  injury,  and  which, 
after  performing  their  part  in  the  digestive  process,  are  taken-back  into 
the  blood,  to  be  eliminated  by  oxidation  through  the  hmgs.* — 3.  That 
the  temporary  presence  of  bile  in  the  alimentary  canal  is  subservient  to 
the  digestion  and  absorption  of  the  non-azotized  compounds,  and  in  some 
degree  to  that  of  the  albuminous  also. — 4.  That  in  Yertebrated  animals, 
it  is  also  an  assimilating  organ,  exerting  its  agency  upon  the  alimentary 
materials  brought  by  the  blood  (§  366),  converting  the  crude  albuminous 
matters  into  blood-albumen,  and  preparing,  both  from  the  substances 
newly  introduced,  and  from  those  which  (having  served  their  purpose  in 
the  body)  have  become  effete,  peculiar  saccharine  and  oleaginous  com- 
pounds, which  supply  the  pabulum  for  the  respiratory  process. — Since  we 
are  thus  to  regard  the  production  and  separation  of  Fatty  matter  as  one 
of  the  great  purposes  answered  by  the  Liver,  it  need  not  surprise  us  to 
find  that  this  organ  should  frequently  serve,  not  only  to  prepare  this,  but 
also  to  store  it  up;  and  such  we  might  expect  to  be  the  fact  especially  in 
those  classes  of  animals,  in  which  its  final  elimination  by  the  respiratory 

*  When  an  unusually  large  quantity  of  bile  is  poured  into  the  intestinal  canal,  as  after 
the  action  of  a  mercurial  purgative,  or  in  '  bilious  diarrhoea,'  the  greater  portion  of  it  escapes 
reabsorption,  and  is  ejected  jJcr  armrn. 
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action  is  slow.  Now  we  liave  found  that  the  gi-eat  bu^k  of  the  liver  in 
S  Crustacea,  Mollusca,  and  cold-blooded  Vertebrata,  has  reference  ap- 
parency, not  to  a  large  production  of  bile,  but  to  an  accumulation  of  fat : 
whilst  in  Mammalia  the  fat  is  in  very  small  amount,  unless  the  respiration 
be  imneded-  and  in  Birds,  whose  respkation  is  pre-eminently  active, 
sc  i3  any  traces  of  fat  a^e  to  be  found.  The  fat  thus  stored-up  m  the 
Uvei  will  probably  be  taken  into  the  current  of  the  circulation,  as  it  is 
wanted,  by  the  blood  which  passes  through  the  organ ;  and  may  never  be 
discharged  as  an  excretion  into  the  alimentary  canal. 

418  Of  the  Kidneys  and  the  Urinary  Excretion.— The  Kidneys  are 
to  be  regarded  as  purely  eo^creitns'  organs;  their  sole  fonction  being  to 
separate  from  the  blood  certain  matters  which  would  be  injurious  to  it  it 
retained:  and  these  matters  being  destined  to  immediate  and  complete 
removal  from  the  system.  These  glands  almost  always  present  a  tubular 
structure;  the  required  extent  of  surface  being  given,  not  by  the  muiti- 
pUcation  of  separate  foUicles,  but  by  a  great  prolongation  of  the  indi- 
vidual c£eca.  The  urinary  organs  do  not  acquire  any  great  develop- 
ment among  the  Invertebrata  generally,  and  all  traces  of  them  are 
frequently  wanting.  In  Insects  and  Arachnida  they  present  themselves 
as  a  group  of  csecal  tubuli,  discharging  themselves  into  the  cloacal  termi- 
nation of  the  alimentary  canal  (Fig.  106,  h,  h)  ;  and  similar  tubuh  are 
found  in  some  of  the  higher  Crustacea.— In  the  Molluscous  series,  how- 
ever, the  urinary  organs,  where  they  exist,  possess  rather  a  foUicidar 
character.  A  glandular  mass  is  found  in  some  Conchi/era,  consisting  of 
an  elongated  sacculus  that  lies  on  each  side  of  the  dorsal  margin 
between  the  pericardium  and  the  adductor  muscle,  and  opening  by  a 
minute  orifice  into  the  cavity  of  the  mantle;  and  this,  though  formerly 
regarded  as  a  calcifying  gland,  seems  to  be  really  a  kidney ;  for  the 
parenchyma  of  its  walls  readily  decomposes  into  minute  corpuscles, 
which  consist  chiefly  of  uric  acid,  and  which  are  probably  to  be  regarded 
as  having  been  originally  secreting  cells,  that  have  become  filled  with 
that  excretory  product.  A  similar  organ,  composed  of  a  series  of  lamellae 
enclosed  in  a  sac  that  is  continued  into  an  excretory  duct  opening  exter- 
nally near  the  anus,  is  found  in  many  Gasteropods  ;  and  the  lamellte  are 
covered  with  closely-set  thin-walled  cells,  which,  besides  a  transparent 
liquid,  contain  a  brownish  nucleus  that  is  composed  of  uric  acid.  It  is 
remarkable  that  in  animals  so  highly  organised  as  the  Cephalopoda,  the 
presence  of  a  proper  renal  organ  should  have  been  so  long  undetermined. 
The  surmise  of  Prof  Mayer,  that  the  masses  of  follicles  connected 
with  the  great  veins  (Fig.  125,  r)  are  to  be  regarded  as  a  urinary  appa- 
ratus, has  been  confirmed  by  Siebold,  who  states  that  they  contain  uric 
acid. 

419.  When  we  pass  to  the  Yertebrated  series,  however,  we  usually 
find  the  Urinary  organs  attaining  a  large  size  in  the  class  of  Fishes ;  but 
their  type  of  conformation  is  low.  They  very  commonly  extend  through 
the  whole  length  of  the  abdomen ;  and  consist  of  tufts  of  uniform-sized 

*  The  doctrine  that  the  agency  of  the  Liver  is  preparatory  to  the  Respiratory  function, 
was  first  propounded  by  Prof.  Liebig  ("Animal  Chemistry,"  1842) ;  and  although  it  has 
had  to  contend  against  many  important  objections,  it  has  gradually  made  its  way  into 
Physiological  Science  : — in  the  form  in  which  it  is  above  stated,  the  aiithor  believes  that 
it  will  be  found  consistent  with  all  the  facts  at  present  known. 
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tubiiles,  which  shoot  forth  transversely  at  intei-vals  from  the  long  ureter 
and  are  connected  together  by  a  loose  web  of  areolar  tissue,  that  supports 
the  network  of  vessels  distributed  upon  their  walls.  This  condition  of 
the  urinary  apparatus  is  very  analogous  to  that  of  the  Corpora  Wolffiana 
or  temporary  renal  organs  of  the  embryo  of  the  higher  Vertebrata,  which 
are  afterwards  superseded  by  the  permanent  kidneys  (§  422).  In  the 
lowest  members  of  the  class,  however,  the  structui-e  is  yet  simpler;  for  in 
the  Cyclostomi,  each  long  duct  sends-off  at  intervals,  instead  of  a  bundle 
of  tubuli,  a  short  wide  tube  which  communicates  with  a  siugle  caecum  j 
and  at  the  bottom  of  this  is  a  small  '  vaso-ganglion,'  or  convoluted  plexus 
of  blood-vessels,  which  reminds  us  of  the  Corpora  Malpighiana  in  the 
kidiieys  of  higher  Vertebrata.  In  the  Amphioxus,  the  only  rudiment  of 
a  kidney  is  the  slightly-opaque,  slender,  elongated  glandular-looking  body 
(Fig.  127,  h),  which  is  considered  by  Prof  Owen  to  possess  this  character, 
though  its  structure  has  not  yet  been  fully  elucidated. 

420.  The  size  of  the  Kidneys  is  usually  considerable  in  Reptiles;  but 
their  form  differs  greatly  in  the  several  orders  of  the  class,  being  naiTow 

and  much  elongated  in  Batrar- 
chia  and  Ophidia,  but  broader 
and  shorter  in  Sauria  and  Che- 
Ionia.  Their  essential  struc- 
ture, however,  is  nearly  the 
same  throughout ;  for  the  ure- 

Kidney  of  fcetal  Soa.— the  Jirinaory  tubes  as  yet  short  ter  gives  off  a  large  number 
and  straight.  j>     °  i  .  ■, 

-  ot  transverse  cseca,  which  are 

short  and  nearly  straight  in 
the  lower  Reptiles  and  ia  the 
early  condition  of  the  higher 
(Fig.  181),  but  which  ia  the 
more  developed  conditions  of 
the  organ  become  long  and  con- 
voluted (Fig.  182),  each  group 
forming  a  lobule,  which  receives 

Portion  of  Kidney  from  Coluber:— a,  a,  vascular  trunk ;  branches  from  the  poiiial  trunk 
h  .ureter :      c.  eonvereiuff  fasciculi  of  tiibnli  iiritiiferi.     ,i     .  ^ 

that  supplies  the   organ  with 


Fia.  181. 


Fig.  182. 


b,  h  .ureter ;  c,  c,  converging  fasciculi  of  tubuli  uriniferi 

blood 


Fis.  183. 


In  the  Crocodile,  the  distinction  between  the  cortical  and  the 
medullary  portion  of  the  kidney  becomes  evi- 
dent; the  former  being  the  part  in  which  the 
blood-vessels  are  most  copiously  distributed,  and 
in  which  the  tubuli  have  the  most  convoluted 
arrangement;  whilst  the  tubuli  in  the  latter 
are  straighter,  and  converge  more  directly  to 
the  points  at  which  they  discharge  themselves 
into  the  ureter.  The  Cmpora  Malpighiana 
(§  421),  where  they  exist  in  tliis  class,  are 
scattered  through  the  entii-e  substance  of  the 
kidney ;  not  being  restricted,  as  in  the  higher 
animals,  to  its  cortical  portion. — In  Birds,  too, 
the  kidneys  are  of  large  size ;  and  they  pre- 
Pyramidai  fasciculi  of  Tubuli  Uri-  sent  also  a  gi'cater  compactness  of  texture.  The 
t^^bran^Ts'onhe^OTetef."^     °   lobides  of  which  they  are  composed,  can  often 
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not  be  distinguished  externally ;  but  they  ai-e  connected  with  separate 
bi-anches  of  the  ureter,  and  each  consists  of  a  converging  bundle  of  tubuli 
ui-iniferi,  forming  its  '  medullary'  portion 
(Fig.  183),  and  of  the  dichotomous  ramifica- 
tion of  these  in  the  outer  part  of  the  lobule, 
of  which  they  constitute  the  'cortical'  por- 
tion.— It  is  in  Mammaliajhowevev,  as  in  Man, 
that  the  organ  becomes  most  compact,  and  the 
distinction  between  its  cortical  and  medullary 
portions  most  clearly  marked.  The  separate 
clusters  of  tubes  do  not  now  open  into  distinct 
branches  of  the  iireter ;  but  discharge  their 
contents  into  a  capacious  cavity  formed  by  the 
dilatation  of  the  ureter  in  the  interior  of  the 
kidney  (Fig.  184),  which  looks  (in  section)  as 
if  it  were  doubled-together  around  it.  The 
lobules  composed  of  these  separate  clusters 
are  usually  blended  together  so  closely,  that 
they  can  neither  be  distinguished  externally, 
nor  be  separated  from  each  other  anatomi- 
cally ;  in  many  of  the  lower  Mammalia,  how- 
ever, the  lobulated  character  which  this  gland 
always  possesses  at  an  early  stage  of  its  deve- 
lopment (§  422),  is  permanently  retained. 
421.  The  pro^Der  secreting  apparatus  con- 


cones.  4,  4.  Two  of  the  papillae  pro- 
jecting into  their  corresponding  ca- 
lices.  5, 5,  5.  The  three  infundibula; 
the  middle  5  is  situated  in  the  mouth 
of  a  calyx.  6.  The  pelvis.  7.  The 
ureter. 


A  section  of  the  Suman  Kidney, 
surmounted  by  the  Supra-Renal  cap- 
sule ;  the  swellings  upon  the  surface 
mark  the  original  constitution  of  the 
organ,  as  made-up  of  distinct  lobes : 
— 1.  The  supra-renal  capsule.  2.  Cor- 
tical portion  of  the  kidney.  3,  3.  Its 

sists  of  the  epithelial  cells  of  the  tubuli  uriniferi  medullary  portion,  consisting  of 

nnnes.  4.  4i.  Two 

of  the  cortical  substance,  which  draw  the  pecu- 
liar elements  of  the  urinary  excretion  from  the 
vascular  plexus  which  surrounds  them,  and 
then  deliver  these  up,  to  be  carried-oflf  through 
the  tubuli  of  the  medullary  portion,  to  their  terminations  in  the  ureter. 
The  epithelium  of  the  convoluted  or  secreting  portion  of  the  tubuli,  is  of 
the  kind  that  is  termed  'spheroidal'  or  'glandu- 
lar,' its  cells  having  a  more  or  less  rounded  form, 
and  adhering  loosely  to  the  basement-membrane 
on  which  they  lie ;  they  are  granular  and  opaque, 
apparently  containing  a  considerable  quantity  of 
solid  matter;  whilst  their  walls  are  so  delicate, 
that  they  frequently  dissolve-away  when  water  is 
added,  so  that  the  debris  of  the  renal  epithelium 
are  not  visible  in  healthy  urine.     On  the 
other  hand,  the  epithelium  of  the  straight  or 
medullary  portion  of  the  tvibuli  is  of  the  '  tesse- 
lated'  or  'pavement'  kind;  its  cells  are  flattened 
and  polygonal  (Fig.  185),  and  are  applied  closely 
against  the  walls  of  the  tubuli;  their  contents  are 
more  transparent,  and  their  walls  firmer;  and  it 
does  not  seem  probable  that  they  take  any  part  in  the  elimination  of  the 
secretion.   The  Kidney  contains  another  apparatus,  of  a  very  peculiar  de- 
scription, which  appears  specially  destined  for  the  separation  of  the  super- 
fluous/mc?  of  the  blood,  by  a  process  of  simple  transudation.    When  a 


Portion  of  Tuhulus  Uriniferus, 
with  its  tesselated  epithelium. 


432 


OF  SECRETION  AND  EXCRETION. 


seen  to  bt  S^rSf '^-li'^^^'^^f  '^^S^^  ra^gr^^ed,  the  cut  surface  is 
seen  to  be  studded  with  a  number  of  Httle  dark  points,  each  one  of  which 

Tw  0? m'l  l^igter  magnifying  powlr,  is  found  to  cLlS 

a  knot  of  minute  blood-vessels,  formed  by  the  convolutions  of  thin-walled 

capillaries  (Fig.  186,  m).  These  bodies,  termed 
Corpora  Malpighiana  after  theii-  first  discoverer 
are  included  in  little  flask-shaped  capsules,  the 
necks  of  which  are  continuous  with  the  tubuli 
uriniferi,  so  that  these  may  be  considered  as 
sending-off  little  diverticula  to  invest  the  Cor- 
pora Malpighiana,  wliich  lie  freely  within  them.* 
Each  of  these  little  vascular  knots  is  directly 
supplied  by  a  branch  of  the  renal  artery  (Fig. 
186,  a,  6),  which,  when  it  reaches  the  cajDsule, 
subdivides  into  a  group  of  capillaries  j  and  these, 
after  forming  the  convoluted  tuft  (m),  coalesce 
into  a  single  efferent  tmnk  (ef).  The  efferent 
trunks  of  the  several  Malpighiaia  bodies  discharge 
their  blood  into  the  capillary  plexus  which  sur- 
rounds the  tubuli  uriniferi ;  and  it  is  from  this 
T.-  .  ,  ^    ,       ^^^^       ^^^^^  matter  of  the  urinary  secretion  is 

sels,  from  Kidney  of  Horse: — 

elaborated.    Thus  the  whole  Malpighian  system 

^etr4;s*:if:SSaVilS  f^^^^f\  -^^l}^.  considered  (as  Mr.  Bowman 
tufts ;  ef,  ef,  eflferent  vessels;  v,         poiuted-out)  m  the  light  of  a  portol  System 

LTeST^iTgrtX^'^S!  ^^i^i^  t'.^^^'y^      '^^^'^"^^  «f 

voluted  tube.  Corpora  Malpighiana  being  collectively  the  repre- 

sentatives of  the  Yena  Portse,  since  they  con- 
vey the  blood  from  the  first  (or  systemic)  to  the  second  (or  secreting)  set 
of  capillaries.  In  Eeptiles  (in  which,  as  in  Fishes,  the  Eadney  is  partly 
supplied  from  the  hepatic  portal  system  §  242),  the  efferent  vessels  of 
the  Malpighian  bodies,  which  receive  their  blood  (as  elsewhere)  ftom  the 
renal  artery,  unite  with  the  branches  of  the  Portal  vein  to  form  the  se- 
creting plexus  ai'ound  the  tubuli  uriniferi;  so  that  this  plexus,  like  the 
secreting  plexus  of  the  Liver  (§  41 1),  has  a  double  source,  the  vessels  which 
supply  it  receiving  their  blood  in  part  from  the  capillaries  of  the  organ 
itself,  and  in  part  from  those  of  other  viscera.  In  Mammalia,  however, 
the  secreting  plexus  is  entirely  supj)lied  by  the  efferent  vessels  of  the 
Corpora  Malpighiana;  though  in  Birds  the  oviparous  type  of  distribution 
seems  still  to  prevail  to  a  certain  extent  (§  245). — The  necks  of  the  flask- 
shaped  diverticula  of  the  tubuli  uriniferi,  are  easily  seen,  in  the  cold- 
blooded Yertebrata,  to  be  lined  with  a  ciliated  epithelium ;  by  the  agency 
of  which,  the  water  filtered-off  tlirough  the  Malpighian  capillaries  is  driven 
along  the  tube.  No  cilia  have  yet  been  detected  in  the  tubuli  of  Bii-ds 
or  Mammals;  but  several  considerations  render  their  existence  probable. 

422.  In  the  embryological  development  of  the  Kidneys  of  the  higher 
Yertebrated  animals,  we  have  a  very  interesting  example  of  the  evolu- 

*  By  Mr.  Bowman,  the  first  discoverer  of  this  curious  relation,  it  was  supposed  that  the 
flask-shaped  dilatation  was  formed  by  the  expansion  of  the  extremity  only  of  the  tiibxilus 
uriniferus  ("Philos.  Transact."  1842) :  subsequent  investigations  have  proved,  however, 
that  the  Corpora  Malpighiana  are  connected  with  the  sides,  as  well  as  with  the  extremities 
of  the  tubuli,  so  that  each  tubulus  is  in  relation  with  several  of  them. 
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state  of  the  Urinary  anA  Geni- 
tal apparatus  in  the  early  embryo 
of  the  Bird  :—a,  Corpora  WoU- 


tion  of  an  organ,  which  is  to  serve  only  a  temporary  puxi^ose  in  them, 
bx't  whicS  rema  us  as  the  permanent  instrument  of  the  function  in 
the  lowest  cla^s,  although  superseded  in  the  higher  by  an  organ  foiled 
uponTmoi  elaborate  tyioe!  The  first  appearance  of  ^^fh^ng  like  a 
uSl^  ll  pa^^^^^^  in  the  Chick,  is  seen  on  the  second  half  of  the  thu-d 
L  aid  tl;  form  then  presented  by  it  is  that  of  a  long  canal,  extending 
of  ekch  side  of  the  spinal  column,  from  the  region  of  the  heart  towards 
the  allantoisj  the  sides  of  which  present  a  series  187 
of  elevations  and  depressions,  indicative  of  the 
incipient  development  of  cteca.  On  the  4th  day, 
the  Corpora  Wolffiana,  as  they  are  then  termed, 
may  be  distinctly  recognized  as  composed  of  a 
series  of  ctecal  appendages  which  are  attached 
along  the  whole  course  of  the  first-mentioned 
canal,  opening  into  its  outer  side  (Fig.  187,  a); 
and  thus  closely  corresponding  with  the  condi- 
tion of  the  (so  called)  kidneys  of  Fishes  (§  419). 
On  the  5th  day,  these  appendages  are  convoluted, 
and  the  body  which  they  form  acquires  increased 
breadth  and  thickness;  they  evidently  then  pos- 
sess a  secreting  function,  and  the  fluid  wliich 
they  separate  is  conveyed  by  the  diict  of  each 
side  (6,  b)  into  the  allantois,  a  sac  which,  though 
employed   as   a  temporary  respiratory  organ 

(chap.  XI.),  is  also  used  as  a  urinary  bladder.   ^_.„  ..„„ 

Vestiges  of  Corpora  Malpighiana  may  even  be  ^^f^l^f^lt!^. 
detected  in  connection  with  the  secreting  caeca. 

These  bodies  remain  as  the  permanent  urinary  organs  of  Fishes ;  but  in 
the  higher  Yertebrata  they  give  place  to  the  true  kidneys,  the  develop- 
ment of  which  commences  in  the  Chick  at  about  the  fifth  day.  They  are 
seen  on  the  sixth  as  lobulated  greyish  masses  (c),  which  seem  to  sprout  from 
the  outer  edges  of  the  Wolffian  bodies,  but  which  are  really  independent 
formations,  springing  fi'om  a  mass  of  blastema  behind  them ;  and  as  they 
gradually  increase  in  size,  and  advance  in  development,  the  Wolffian 
bodies  retrograde ;  so  that  at  the  end  of  foetal  life,  the  only  vestige  of 
them  is  to  be  found  as  a  shrunk  rudiment,  situated  (in  the  male)  near  the 
testes,  which  are  originally  developed  (e,  e)  in  contiguity  with  them. — The 
Kidneys,  in  the  Human  embryo,  soon  after  their  first  development  in  the 
manner  just  described,  consist  of  seven  or  eight  lobes,  the  future  'pyramids;' 
their  excretory  ducts  stUl  terminate  in  the  same  canal  as  that  which  re- 
ceives those  of  the  Wolffian  bodies  and  of  the  sexual  organs ;  and  this 
opens,  with  the  rectum,  into  a  cloaca,  analogous  to  that  which  remains 
peimaneut  in  the  Oviparous  Vertebrata.  The  lobulated  appearance  of 
the  kidney  gradually  disappears,  partly  in  consequence  of  the  condensa- 
tion of  the  areolar  tissue  which  connects  the  different  parts,  and  partly 
through  the  development  of  additional  tubuli  in  the  interstices.  Thus 
we  have,  in  the  development  of  the  Urinary  apparatus,  the  same  kind  of 
progi'ess  from  the  more  general  to  the  more  special  type,  as  we  have  seen 
in  the  Respiratory;  and  it  is  not  a  little  curious  that  the  more  general 
form  of  both  should  be  retained  in  the  same  class,  namely  that  of  Fishes. 
There  is  this  difference,  however,  between  the  two  cases;  that  whilst  the 
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brancliial  arclies  of  higher  animals  are  not  ever  developed  so  far  as  to  be 
instinmental  in  the  respiratory  function,  theii-  Corpora  Wolffiana  appear 
to  be  tnie  temporary  kidneys,  eliminating  a  real  urinary  product  (§  424). 

423.  The  Urine  of  Man  and  of  Maimiialia  generally,  is  characterised 
by  the  large  propoi-tioii  of  water  which  it  contains,  in  comparison  with 
its  solid  constituents;  the  latter  being  seldom  above  5  parts  in  100,  and 
being  very  commonly  less.  The  two,  in  fact,  bear  no  constant  relation  to 
each  other ;  for  the  amount  of  liquid  in  the  secretion  depends  mainly  on 
the  degree  of  fulness  of  the  blood-vessels ;  while  that  of  the  solid  matter 
is  governed  by  that  of  the  previous  '  waste  '  of  the  tissues.  It  would  seem 
as  if  a  mtich  larger  quantity  of  water  is  habitually  taken-in,  than  is 
needed  in  the  system ;  in  order  to  provide  for  the  reduction  of  the  tem- 
peratiire  of  the  body  by  cutaneous  Exhalation,  when  it  might  otherwise 
be  unduly  elevated  (§  332).  But  if  the  usual  quantity  of  water  be  not 
thus  drawn-off,  in  consequence  of  the  depression  of  the  external  tempera- 
tui'e,  or  the  saturation  of  the  atmosphere  with  dampness,  or  if  an  unduly 
large  amoimt  have  been  absorbed,  the  Kidneys  afford  the  channel  for  its 
elimination.  This  appears  to  be  the  special  function  of  the  Malpighian 
bodies ;  whose  thin- walled  capillaries  allow  the  transudation  of  water  to 
take  place  under  a  certain  pi-essure,  into  the  tubuli  uriniferi ;  and  thus 
act  the  part  of  regulating  valves,  permitting  the  passage  of  whatever  is 
superfluous,  while  they  retain  the  liquid  that  is  needed  in  the  system. 
In  Birds,  on  the  other  hand,  it  would  seem  as  if  there  is  much  less  occa- 
sion for  any  provision  to  reduce  the  temperature,  which  is  habitu.ally  kept 
up  at  a  standard  higher  than  that  of  any  other  animals ;  and  they  accord- 
ingly drink  very  little,  so  that  the  propoi"tion  of  water  in  their  lu-ine  is 
only  sufficient  to  give  it  a  semi-fluid  consistence.  The  urinary  excretion 
of  Reptiles  aj)pears  to  be  in  general  yet  more  solid ;  for  these  animals 
usually  ingest  bvit  little  water,  and  a  part  of  this  is  given-ofi'by  cutaneous 
exhalation  when  the  external  temperatm-e  is  high.  The  condition  of  that 
of  Fishes  and  Invertebrata  appears  to  be  generally  the  same ;  but  fi^om 
this  statement  the  'bombardier'  beetles  must  be  excepted,  which  emit  their 
urine,  as  a  means  of  defence,  in  little  pufis  of  vapour,  having  a  very  acrid 
character,  and  believed  to  contain  nitric  acid. — The  solid  matter  of  the 
urine  pai-tly  consists  of  Organic  Compounds  formed  within  the  body,  as 
the  result  of  the  disintegration  of  the  tissues,  or  of  the  decomposition  of 
substances  taken-in  as  food ;  and  partly  of  Inorganic  Salts,  such  as  nor- 
mally exist  in  the  serum  of  the  blood,  theif  proportion  being  Hable  to  an 
increase,  however,  imder  circumstances  to  be  presently  alluded-to. 

424.  The  Organic  Compounds  are  not  the  same  in  aU  animals;  but 
yet  they  are  nearly  related  to  each  other,  and  agree  in  the  very  large 
proportion  of  nitrogen  which  they  contain.  The  most  characteristic  of 
them,  when  completely  isolated,  present  a  crystalline  form,  which  seems 
to  be  completely  incompatible  with  the  possession  of  plastic  or  organisable 
properties,  and  marks  their  affinity  to  inorganic  substances.  In  the 
Urine  of  Man,  the  most  characteristic  ingredient  is  TJrea,  a  neutral  sub- 
stance, isomeric  with  cyanate  of  ammonia,  which  is  veiy  soluble  in  water, 
and  may  be  crystallised-out  in  transparent,  coloxu-less,  four-sided  prisms. 
When  pure,  it  has  very  little  tendency  to  decomposition;  but  when 
associated  with  other  substances  which  act  as  '  ferments,'  it  takes  to  itself 
the  oxygen  and  hydrogen  of  2  equiv.  of  water,  and  resolves  itself  into 
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carbonate  of  ammonia;  and  as  tliis  cliange  occurs  m  all  urme  after  it  lias 
left  the  body  (the  mucus  of  the  bladder  serving  as  the  '  ferment  ),  the  car- 
bonic acid  and  the  ammonia  which  have  been  decomposed  m  the  production 
of  the  organic  compounds  of  Plants  (§  120),  are  restored  to  the  Inorganic 
world  —The  Urine  of  Man  also  contains  a  small  quantity  ot  Unc  Acid, 
a  substance  which  is  not  readily  soluble  in  pure  water,  but  which  is  more 
easily  dissolved  by  water  holding  phosphate  of  soda  m  solution,  especially 
when  warm;  and  this  seems  to  be  its  condition  in  human  urme.  It  is 
also  more  reacUly  cUssolved  when  in  combination  with  ammonia;  and  m 
this  condition  it  forms  a  large  part  of  the  almost  soUd  urine  of  Serpents, 
which  also  contains,  however,  Uke  the  urine  of  Birds,  a  large  quantity  of 
undissolved  uric  acid.  When  separated  and  purified,  uric  acid  fonns  a 
ghstening  snow-white  powder,  apparently  amorphous,  but  shown  by  the 
microscope  to  consist  of  minute  but  regular  crystals.  It  is  tasteless  and 
inodorous;  audits  acid  reaction  is  very  feeble. — Uric  Acid  is  replaced  in 
the  Urine  of  Herbivorous  Mammals  by  Hippuric  Acid;  wliich  is  also 
normally  present  (though  in  small  quantities)  in  the  lu-ine  of  Man,  espe- 
cially after  the  use  of  vegetable  food.  When  pure,  it  crystallizes  in  long 
transparent  four-sided  prisms,  and  has  a  strong  acid  reaction,  with  a  bit- 
terish taste ;  it  is  much  more  soluble  in  cold  water  than  uric  acid,  and  it 
dissolves  readily  in  warm.  When  dissolved  in  a  liquid  containing  putres- 
cent albuminous  compounds,  hippuric  acid  is  converted  into  benzoic  acid, 
ammonia  being  at  the  same  time  given-olF. — In  the  fluid  of  the  AUantois 
of  the  foetal  Calf  (and  probably  also  of  other  animals),  which  may  be  re- 
garded as  a  temporary  urinary  bladder,  receiving  the  product  of  the 
secreting  action  of  the  Corpora  Wolffiana  or  temporaiy  kidneys,  is  found 
another  substance,  termed  Allantoin,  which  may  be  artificially  obtained 
from  uric  acid  by  boiling  it  with  peroxide  of  lead.  This  is  a  neutral 
substance,  forming  small  but  most  brilliant  prismatic  crystals,  which  are 
destitute  of  taste,  and  moderately  soluble  in  cold  water;  when  decomposed 
by  strong  acids,  it  is  resolved  into  ammonia,  carbonic  acid,  and  carbonic 
oxide ;  and  when  acted-on  by  alkalies,  it  is  resolved  into  ammonia  and 
oxalic  acid. — Two  other  substances,  Creatine  and  Creatinine,  have  re 
cently  been  discovered  in  the  urine  of  Man  and  the  Mammalia,  which 
seem  intermediate  in  character  between  the  albuminous  comjDOunds  and 
the  characteristic  components  of  the  urinary  excretion.  Creatine,  which 
may  be  obtained  from  the  juice  of  raw  flesh,  is  a  neutral  substance,  having 
the  form  of  colourless,  prismatic  crystals,  sparingly  soluble  in  cold  water, 
but  dissolving  readily  in  warm.  By  the  action  of  strong  acids,  creatine 
is  converted  into  creatinine,  which  only  differs  from  it  in  composition  by 
containing  two  proportionals  less  of  the  elements  of  water,  but  is  a 
substance  of  very  different  chemical  relations,  having  a  strong  alkaline 
reaction,  and  serving  as  a  powerful  organic  base  to  acids.  It  pre-exists 
in  the  juice  of  flesh  to  a  small  extent ;  and  is  found,  in  conjunction  with 
creatine,  in  the  urine.  When  long  boiled  with  caustic  baryta,  creatinine 
is  gradually  resolved  into  urea. — The  composition  of  these  substances  in 
relation  to  each  other,  and  to  that  of  Albuminous  compounds,  is  shown 
in  the  following  table;  which  gives  for  each  the  number  of  combining 
equivalents  of  its  individual  components,  and  the  per-centage  proportion 
which  the  nitrogen  bears  to  the  whole. 
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Carbon.     Ilyclrogen.    Nitrogen.      Oxygen.  ofNHroge?!" 

Albumen  j  Jj'^i^    "    "  «  I/^.a-z  i 

( Mulder   .    .    40  31  5  12  °'  ( 

I^'"?'^ ,  .•   2  4  2  2  46-67 

Iiyi°A.c^(l   5  2  2  3  33-33 

Hippuric  Acid  (hydrated)  18  9  1  6  7-82 

Allantoin  (liydi-ated)  .    .  8  5  4  6  35-44 

Creatiue   8  9  3  4  32-06 

Creatinine   8  7  3  2  37*17 

Hence  the  proportion  of  Nitrogen  in  the  components  of  Urine  ranges 
from^  double  to  triple  that  which  exists  in  the  Albuminous  constituents  of 
the  living  fabric ;  the  only  exception  being  in  the  case  of  Hippuric  acid,* 
whose  proportion  of  nitrogen  is  only  half  of  that  which  exists  in  albumen, 
whilst  itsper-centage  of  Carbon  is  triple  that  which  is  contained  in  Urea. 
— Besides  the  foregoing  substances,  the  Urine  contains  others  whose 
nature  has  not  yet  been  clearly  determined ;  these  are  at  present  included 
under  the  general  designation  Extractive  matters,  and  appear  to  consist 
in  part  of  non-azotised  compounds  in  a  state  of  change. — The  Inorganic 
Compounds  which  are  found  in  the  urine,  partly  consist  of  salts  which 
are  taken-in  as  such  in  the  food;  and  partly  of  salts  which  are  formed  in 
the  economy,  the  acids  being  furnished  by  the  oxygenation  of  bases  con- 
tained in  the  aliment,  and  an  ammoniacal  base  being  supplied  by  the  de- 
composition of  the  albuminous  compounds.  To  the  former  class  belongs 
chloride  of  sodium  (common  salt),  of  wlaich  the  urine  always  contains  a 
large  amount,  obviously  derived  dii-ectly  from  the  senim  of  the  blood ; 
and  also  the  fhosphates  of  lime  and  magnesia,  the  proportion  of  which  in 
the  urine  appears  entirely  to  depend  upon  the  amount  ingested  in  the  food. 
To  the  latter  class  belong  the  alkaline  sulphates  and  fliosfhates ;  whose 
acids  appear  to  be  chiefly  formed  by  the  oxygenation  of  the  suljDhur  and 
phosphorus  which  are  constituents  of  all  the  albuminous  compounds  used 
as  food;  while  their  alkaline  bases,  when  not  ammoniacal,  are  supplied  by 
the  potass  and  soda  that  were  ingested  in  combination  with  citric,  tartaric, 
oxalic,  and  other  organic  acids,  these  acids  being  decomposed  in  the  system, 
and  carried- off  by  the  respiratory  process.  Such  weakly-combined  bases 
abound  in  the  food  of  Herbivorous  animals,  but  they  are  for  the  most 
part  wanting  in  that  of  the  purely  Carnivorous ;  and  the  fixed  alkalies 
of  their  urine  are  replaced  in  greater  proportion  by  ammonia. 

425.  Hence  we  may  say,  that  the  Urinary  excretion  is  specially  des- 
tined (1),  for  the  elimination  of  those  products  of  the  disintegration  of 
the  ti^siies,  and  of  the  metamorphoses  taking  place  in  the  living  body, 
which  are  of  a  highly  azotized  nature,  or  which,  being  in  the  condition 
of  soluble  salts,  readily  find  their  way  by  transudation  through  mem- 
branous cell-walls  that  hold  back  the  albuminous  element  of  the  serum 

*  It  has  been  surmised  tbat,  as  Hippm-ic  acid  is  usually  restricted  to  the  urine  of 
animals  of  whose  food  non-azotized  substances  form  a  large  part,  it  must  have  some  other 
source  than  the  metamoi-phosis  of  the  organised  tissues,  and  must  be  formed  by  the  union 
of  the  products  of  this  operation  with  some  of  the  farinaceous  or  other  superfluous  com- 
ponents of  the  food ;  but  there  is  adequate  evidence  that  it  may  be  formed  by  the  meta- 
morphosis of  albuminous  substances;  and  its  presence  may  be  accoimted-for  by  any 
circumstance  (whether  deficient  respiration,  or  an  excess  of  hydro-carbonaceous  matters  in 
the  food,)  which  tends  to  prevent  the  oxidation  of  the  highly-carbonized  products  of  the 
waste  of  the  tissues.    See  the  Author's  "  Human  Physiology,"  4th  Ed.,  §  59. 
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of  tlio  blood  (§  421)  i  it  is  also  obvious  (2)  that  the  Hclnejs  are  destined 
to  remove,  in  the  same  form,  whatever  components  of  the  food  are 
superfluous,  and  are  ^mdergoing  decomposition  from  not  ^ei^g/PPl^^\*« 
the  purposes  of  nutrition;  and  it  is  further  their  office  (3)  to  draw-off 
any  Lluble  saHne  matters  taken  into  the  system,  which  a,re  either  useless 
or  inim-ious  to  it.^Although  the  relations  of  the  amount  of  the  organic 
compounds  in  the  urine,  to  food,  exercise,  &c,  have  been  as  yet  studied 
ahnost  entii-ely  in  the  Human  subject,  there  can  be  no  reasonable  doubt 
that  the  same  general  rules  wUl  be  found  to  hold  good  elsewhere  ihe 
proportion  of  urea  which  is  voided  in  a  given  time  is  proportional 
cceleri^  paribus,  to  the  amount  of  muscular  exertion  that  has  been  put 
forth;  showing  that  its  presence  depends  in  part  upon  disintegration  ot 
the  Muscular  tissue.     But  this  is  not  its  sole  source.    For  it  is  greatly 
augmented,  also,  by  an  excess  of  azotized  compounds  m  the  food;  these 
compounds,  as  akeady  shown  (§  390),  not  being  appHed  to  the  nutrition 
of  the  muscidar  substance,  unless  a  demand  for  augmented  formation  has 
been  created  by  previous'  fimctional  activity.    Thus,  the  average  pro- 
portion of  Urea  in  the  Human  urine,  under  ordinary  circumstances  as 
to  food  and  exercise,  appears  to  be  from  about  20  to  35  parts  in  1000; 
but  it  may  be  raised  to  45  parts  by  violent  exercise,  and  to  53  parts  by 
an  exclusively  animal  diet;  whilst  it  may  fall  as  low  as  to  15  or  even  12 
parts,  when  the  diet  is  deficient  in  azotized  matter.     The  average  daily 
amoimt  excreted  by  adult  7nales,  is  about  430  grains ;  by  adult  females, 
about  300  grains;  in  children  of  eight  years  old,  it  is  nearly  half  what  it 
is  in  adults;  whilst  in  very  old  persons,  the  quantity  sinks  to  one-third 
or  even  less;  showing  that  the  proportion  is  greatly  influenced  by  the 
rapidity  of  interstitial  change  at  different  periods  of  life  (§  392)._  There 
can  be  no  doubt  that  creatine  and  creatinine  have  the  same  origin  and 
character,  since  they  are  actually  found  in  the  juice  of  flesh,  as  well  as  in 
the  mine. — So  the  proportion  of  the  alkaline  pliosphates  in  the  urine  is 
found  to  bear  such  a  close  relation  to  the  previous  energy  of  the  nervous 
system,  that  there  can  be  little  doubt  that,  cceteris  paribus,  their  amount 
may  be  taken  as  a  measure  of  its  disintegration  by  functional  activity. 
It  has  been  pointed-out  that,  for  the  maiutenance  of  this  activity,  a 
constant  supply  of  arterialised  blood  is  a  necessary  condition ;  and  whilst 
the  other  elements  of  the  nervous  tissue  (whose  composition  is  almost 
entirely  adipose)  will  be  carried-off  by  oxygenation  in  the  form  of 
carbonic  acid  and  water,  the  phosphorus  which  largely  enters  into  it  will 
be  oxygenated,  and  taken  back  into  the  blood  in  the  form  of  phosphoric 
acid,  uniting  there  with  alkaline   bases,  as  already  explained.; — The 
proportion  of  extractive  matters  appears  chiefly  to  depend  upon  the 
nature  of  the  food;  beiug  greatly  augmented  by  an  exclusively  vegetable 
regimen,  and  greatly  diminished  by  an  exclusively  animal  diet. — The 
importance  of  the  urinary  excretion  in  removing  stiperfluous  or  injurious 
saline  compounds  from  the  system  (the  introduction  of  which  into  it  has 
taken  place  by  endosmotic  action,  §  169),  is  further  shown  by  the  increase 
in  the  secretion  which  most  of  these  substances  produ.ce ;  this  increase 
being  the  result  of  an  augmented  determination  of  blood  to  the  kidneys, 
and  a  consequently  increased  transudation  of  its  watery  portion,  carry- 
ing these  substances  with  it.    And  further,  it  has  been  found,  that 
poisonous  substances  (such  as  arsenious  acid),  whose  rate  of  elimination 
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through  this  chauuel  is  not  in  general  sufficiently  great  to  prevent  them 
trom  exerting  their  injui-ious  effects  upon  the  system,  may  be  carried 
out  ot  the  body  with  such  rapicUty  as  to  render  them  innoxious  if 
diui-etics  (or  mecUcmes  that  augment  the  urinaiy  secretion),  be  given  at 
the  same  time. 

426.  Cutaneous  and  Intestinal  Excretions. — The  exhalation  of  super- 
fluous water  is  by  no  means  the  only  function  performed  by  the 
Cutaneous  glandulse  (§  331).  For  the  perspiratory  fluid  contains  a 
considerable  amount  of  solid  matter,  the  proportion  of  which  is  some- 
tunes  as  much  as  121  parts  in  1000.  The  greatest  part  of  this  consists 
of  animal  matter,  which  is  apparently  an  albuminous  compound  in  a 
state  of  incipient  decomposition,  being  not  improbably  composed  in  great 
pai-t  of  the  epithelium-cells  cast-out  from  the  tubes  of  the  glandule  j  but 
m  addition  to  this,  urea  has  been  recently  detected  in  the  perspii^atoiy 
fliud,  in  no  inconsiderable  quantity;  so  that  the  Skin  may  be  considered 
as  supplementary  to  the  kidney  in  its  excretory  action.  Besides  tliis 
animal  matter,  the  perspiratory  fluid  also  contains  saline  substances, 
which  are  for  the  most  part  those  existing  in  the  blood.  The  compounds 
0f  _  lactic  and  acetic  acid,  however,  seem  to  be  specially  determined  to 
this  surface,  and  the  perspiration  thus  occasionally  possesses  a  very  sour 
odour  and  an  acid  reaction.— Of  the  glandule  of  the  mucous  surface  of 
the  Alimentary  canal,  some  effect  the  elimination  of  the  gastric  and 
other  fluids  concerned  in  the  digestive  process,*  and  secrete  mucus  for 
its  protection;  but  there  is  strong  evidence  that  the  office  of  some  of 
the  glandular  follicles,  with  which  the  lower  part  of  the  intestinal  tube  is 
thickly  set,  is  to  eliminate  from  the  blood  those  2^utrescent  matters, 
which  would  otherwise  accumulate  in  it  to  its  injury,  whether  as  the 
results  of  the  normal  waste  of  the  system,  or  as  the  products  of  the 
action  of  substances  introduced  into  it,  which  operate  as  ferments.  It 
has  been  already  mentioned  (§  165),  that  the  peculiar  putrescent  matter 
which  is  characteristic  of  the  fceces,  is  not  directly  derived  from  the 
decomposition  of  the  indigestible  residue  of  the  food,  but  is  a  product  of 
the  metamorphosis  of  the  fluids  and  solids  of  the  body  itself;  which 
seems  necessarily  to  follow  from  this  consideration  among  others, — that 
fsecal  matter  is  still  discharged  in  considerable  quantity,  long  after  the 
intestinal  tube  has  been  completely  emj^tied  of  its  alimentary  contents. 
It  has  been  shown  by  Prof.  Liebig,  that  a  substance  having  the  character  - 
istic odour  of  fseces  may  be  artificially  obtained  by  the  imperfect  oxida- 
tion of  albumen,  fibrine,  caseine,  or  gelatine. 

427..  The  foregoing  are  the  Secreting  organs,  whose  function  seems 
most  directly  subservient  to  the  depuration  of  the  blood;  but  besides  these, 
a  vast  number  of  glandular  bodies  are  met- with  in  the  different  classes  and 
orders  of  Animals,  which  eliminate  products  that  have  special  uses  in  the 
economy,  but  are  not  in  themselves  excrementitious.  Some  of  these  have 
a  very  extensive  diffusion ;  others  a  more  limited  one.  Under  the  former 
head  may  be  ranked  the  secreting  organs  which  miuister  to  the  Digestive 

*  The  glancUiIse  of  Brimner  strongly  resemble  tlie  Salivary  glands  and  Pancreas  in  minia- 
ture; and  as  they  are  restricted  to  the  duodenum,  it  is  probable  that  their  secretion  takes 
some  share,  with  that  of  the  liver  and  pancreas,  in  the  act  of  chylification,  pei-haps  fur- 
nishing the  '  succus  entericus,'  which  seems  to  be  scarcely  less  potent  than  the  biliary  and 
pancreatic  fluids  themselves  (§  165). 
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•  fnr  PxamiDle  the  Gastric  follicles,  the  Salivary  cjlamds,  and  the 
TheTZf  theL  is  the  most  restricted  of  the  three  ;  but  .t  is 

Sit  td  parents  S^^^  throughout  the'  whole  of  the  Yertebi.ted 
Sr^lSly  advanci^^  to  a  higher  type  of  structiire  as  we  ascend  the 
l^le   ^^he  lLrynud  and  Mammcmj  glands,  on  the  othex^  hand  are 
more  limited  in  their  distribution;  for  the  former  are  confined  to  the 
Zee  Ser  classes  of  Vertebrata,  and  the  latter  to  Mammalia  only 
YaTioifs  Vands  for  eliminating  odoriferous  matters,  such  as  mus^k  and 
castor -or  poisonous  substances,  as  those  comiected  with  the  stings  of 
H^^enoptlus  insects,  contained  in  the  mandibles  of  Spiders,  and 
M  J  the  end  of  the  tail  of  ScorpioBS,-or  a  CJlut^nous  matter  which 
hardens  into  a  thread  when  expressed  through  a  narrow  oriface,  as  that 
which  supplies  the  spinnerets  at  the  end  of  the  abdomen  of  the  Spidei, 
and  furnishes  the  material  for  the  '  cocoon'  spun  by  the  mouth  of  the 
larva  of  many  Insects,-are  of  very  limited  diffusion;  being  confined  to 
smaUer  groups,  and  even  in  some  instances  to  a  particular  genus  or 
species  —The  Skin  of  many  animals,  again,  is  abimdantly  furnished  with 
Mucous  and  Sebaceous  follicles;  whose  secreting  action  is  obviously 
rather  protective  as  regards  the  integument,  than  depurative  _  as  regards 
the  blood     The  Mucous  secretion  is  generally  found  m  aquatic  animals ; 
and  prevents  the  water  from  coming  into  direct  contact  with  the  skm. 
The  folHcles  by  whose  cells  it  is  eliminated  from  the  blood,  are  usually 
veiT  simple  in  theii'  character,  resembling  those  of  ordinary  Mucous 
membranes  (Fig.  170);  but  sometimes  they  are  more  complex,  especially 
in  Fishes     So  the  Sebaceous  follicles  are  more  commonly  found  m  the 
skin  of  animals  which  live  on  land;  and  the  office  of  their  secretion  ap- 
pears to  be,  to  prevent  its  surface  from  being  dried-up  and  cracked  by  tlie 
action  of  the  sim  and  air.    It  is  especially  abundant  in  those  tribes  which 
are  formed  to  inhabit  warm  climates.  The  sebaceous  glandulse  present  a  de- 
gree of  variety  as  to  their  complexity,  which  is  similar  to  that  which  exists 
among  the  mucous  glandules;  some  of  them  being  simple  follicles  lodged 
in  the  substance  of  the  skin ;  whilst  others  are  composed  of  similar  follicles, 
more  or  less  branched,  elongated,  or  convoluted;  and  others,  again,  seem 
to  consist  of  little  else  than  clusters  of  fat-cells,  out  of  which  an  excretory 
duct  arises.    In  the  Mammalia,  they  very  commonly  open  into  the  hair- 
canal  ;  and  in  Birds,  into  the  socket  of  the  stem  of  the  feather.  Various 
peculiar  glands,  moreover,  whose  uses  are  but  little  known,  are  connected 
with  the  genital  apparatus.    The  Testes,  or  spermatic  glands,  will  be 
described  in  a  subsequent  chapter. — In  all  these  cases,  the  general  plan  of 
structure  is  the  same;  and  the  difference  in  the  products  can  be  attributed 
to  nothing  else,  than  to  a  peculiarity  in  the  endowments  of  the  epithelial 
cells  which  are  the  real  instruments  of  the  secretion. 

428.  Metastasis  of  Secretion. — Although  the  number  and  variety  of 
the  secretions  become  greater,  in  proportion  to  the  increased  complexity 
of  the  nutritive  processes  in  the  higher  classes,  and  although  each  appears 
as  if  it  could  be  formed  by  its  own  organ  alone,  yet  we  may  observe,  even 
in  the  highest  animals,  some  traces  of  the  community  of  function  which 
characterises  the  secreting  apparatus  of  the  lowest.  It  has  been  shovni 
that,  although  the  products  of  secretion  are  so  diversified,  the  elementary 
structure  of  all  glands  is  the  same ;  that  wherever  there  is  a  free  secreting 


OF  SECEETION  AND  EXCRETION. 


the  Sv  ov  if +^  /  ^^^^^^  «f       g^^^r^l  envelope  of 

its  pS'i  '"'^^^'''''^        ^l^i'^l^         tl^e  digestive  cavity  that 

w  tl?S  ^th  the  epidermis  of%he  integument  or 

Tud  th^t  ^1-^^hehum  of  the  xnucons  membrane  fi-om  which  it  is  prolonged 
blood  in  *^^^l^P^«^^l^^^\P^?^«iples  of  the  secreted  products  pre-e^ist  in  the 
blood  in  a  form  which  is  at  least  closely  alUed  to  that  which  they  aasume 
after  theix  separation.    If,  then,  the  geLral  law  formerly  stated^  (TlTo^ 
be  correct  we  should  find  that,  when  the  function  of  any  particular^  and 
IS  suspended,  or  when  it  is  not  performed  with  sufficient  activity  to  sepa 
rate  all  the  excretory  products  from  the  blood,  other  secreting  organs  or 
even  the  general  suiface,  should  be  able  to  perform  it  in  sLe ^ee 
iiiat  this  IS  actually  the  case,  pathological  observation  is  continually 
showing ;  and  so  striking  are  the  '  metastases  of  secretion'  which  are  thus 
exhibited,  that  it  was  even  asserted  by  HaUer  that  almost  all  secretions 
may,  under  the  influence  of  disease,  be  formed  by  each  and  eveiy  secreting 
organ.    This  statement,  however,  needs  to  be  received  with  some  limit^ 
tion;  and  it  would  probably  be  safest  to  restrict  it  to  the  excretions,  whose 
elements  pre-exist  m  the  blood,  and  accumulate  there  when  the  elimination 
ot  them  by  their  natural  channel  is  suspended.    Thus  it  seems  to  be  es- 
tablished by  a  great  mass  of  observations,  that  Urme,  or  a  fluid  presenting 
its  essential  characters,  may  pass-ofi"  by  the  mucous  membrane  of  the 
intestinal  canal,  by  the  salivary,  lachrymal,  and  mammary  glands,  by  the 
testes,  by  the  ears,  nose,  and  umbilicus,  by  parts  of  the  ordinaiy  cutaneous 
surface,  and  even  by  serous  membranes,  such  as  the  arachnoid  lining  the 
ventricles  of  the  brain,  the  pleura,  and  the  peritoneum;  and  such  a  me- 
tastasis has  not  only  taken  place  in  cases  in  which  the  normal  excretion 
was  checked  or  impeded  by  disease,  but  has  been  induced  experimentally 
by  extirpating  the  kidneys,  or  by  tying  the  renal  artery.— So,  again,  if 
the  ehnunation  of  the  Bile  be  checked  by  disease  of  the  liver,  or  by  the 
application  of  a  Hgature  to  the  vena  portse,  or  if  its  passage  out  of  the 
system  be  prevented  by  the  application  of  a  ligature  to  the  bibary  duct, 
some  (at  least)  of  its  elements  are  discharged  through  other  channels  • 
the  urme,  the  pancreatic  fluid,  the  milk,  the  cutaneous  transiiiration,  and 
even  the  sputa  derived  from  the  respiratory  passages,  being  more  or  less 
deeply  tinged  with  the  yellowish-brown  colouring-matter  of  bile,  and  pos- 
sessing its  characteristic  taste ;  and  the  same  matters  being  also  found  in  the 

fluids  of  the  serous  cavities,  and  passing  even  into  the  solid  tissues.  

The  secretion  of  Milk,  also,  has  been  thus  transferred  to  difierent  parts  in 
the  skin,  to  the  gastro-intestinal  mucous  membrane,  to  the  mucous  mem- 
brane lining  the  bronchial  tubes,  and  even  to  the  surface  of  an  ulcer.  

Thus  we  see  that  those  products  of  decomposition,  at  least,  which  accumu- 
late in  the  blood  when  their  usual  exit-pipe  is  no  longer  open,  may  find  then- 
way  through  other  channels ;  a  provision  which  is  obviously  intended  to 
diminish  the  injurious  results  of  a  suspension  of  the  excretoiy  fimctions 
(§  394),  and  which  is  at  the  same  time  in  complete  and  beautiful  harmony 
with  the  general  principle,  that  the  specialisation  of  a  function  does  not 
involve  the  complete  extinction  of  its  original  generality.* 

*  For  a  more  detailed  examination  of  this  intei'esting  topic,  see  the  Author's  article  on 
'  Secretion'  in  the  "  Cyclopredia  of  Anatomy  and  Physiology,"  Vol.  III. 
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CHAPTER  X. 

EVOLUTION  or  LIGHT,  HEAT,   AND  ELECTRICITY. 

1.  General  Considerations. 

429.  It  has  been  sliown  in  tlie  preceding  Chapters,  that  whilst  the 
existence  of  the  Vegetable  world  depends  upon  the  constant  agency  of 
cei-taLn  physical  forces  (Light  and  Heat),  by  wHch  the  germ  is  enabled 
to  draw-in  and  to  appropriate  the  inorganic  elements,  which  it  combines 
into  organic  compounds,  and  incorporates  with  itself  into  an  organised 
fabric, — that  of  the  Animal  kingdom  is  rather  dependent  upon  the 
supply  of  food  which  it  derives  from  the  vegetable  world,  by  means  of 
which  its  higher  forms  (at  least)  are  rendered  comparatively  independent 
of  external  agencies,  requiring  no  Light  to  enable  them  to  appropriate 
their  aliment,  and  being  able  to  generate  within  themselves  the  Heat 
which  is  necessary  to  sustain  their  vital  activity.  In  the  production  of 
Heat,  then,  we  have  one  of  those  cases  in  which  Animals  restore  to  the 
Physical  Universe  the  Forces  which  it  has  imparted  to  Plants  (Genekal 
Physiology);  and  we  shall  find  it  to  be  effected  by  the  very  act  of 
restoring  to  the  condition  of  inorganic  matter,  those  elements  which  the 
agency  of  Light  and  Heat  upon  the  vegetable  germ  had  enabled  it  to 
withdraw.  Although  the  production  of  Heat  is  most  considerable  and 
regular  in  those  higher  animals  which  are  termed  warm-blooded,  yet  it 
takes  place  in"  an  inferior  degree  probably  in  all.  It  is  also  a  phenomenon 
of  occasional  occurrence  in  Plants,  but  only  under  the  same  conditions 
as  in  Animals,  viz.  when  Organic  compounds  are  being  partially  or  com- 
pletely restored  to  the  condition  of  Inorganic  matter ;  and  it  would  seem 
as  if  it  was  in  them  rather  a  necessary  result  of  transformations  which 
are  being  effected  for  other  purposes,  than  a  purpose  for  which  such 
transformations  are  to  be  made. — The  same  may  be  said  of  the  produc- 
tion of  Light.  It  is  by  no  meaus  an  ordinary  phenomenon  in  the 
Animal  kingdom;  but  where  it  does  occur,  it  appears  to  have  some 
special  purpose ;  and  although  the  processes  by  which  it  is  maintained 
are  not  clearly  understood,  yet  there  can  be  little  doubt  that  it  too  is 
dependent  upon  a  slow  combustion,  in  which  the  carbon  and  hydrogen 
of  the  living  system  are  given-back  to  the  atmosphere  as  carbonic  acid 
and  water ;  the  oxidation  of  other  substances,  also,  perhaps  contributing 
to  the  effect.  On  the  other  hand,  its  appearance  in  Plants  is  a  much 
rarer  occurrence,  and  seems  to  be  (so  to  speak)  accidental. — Of  the 
generation  of  Electricity,  we  know  comparatively  little.  There  is  strong 
evidence  that  its  production  must  be  going-on,  in  every  action  of  Organic 
as  well  as  of  Inorganic  Chemistry;  and  that  a  disturbance  of  electric 
equilibrium  must  be  continually  taking-place  in  each  molecule  of  the 
living  Plant  and  Animal.  But  it  would  seem  as  if,  in  general,  the 
generation  of  electricity  is  simply  a  result  of  changes  which  are  directed 
to  other  ends ;  and  that,  so  far  from  any  use  being  made  of  it  in  the 
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ZZ^tTnui"  r         ^  provisions  for  the  speediest  possible 

tlio  on^ the  disturbed  equilibrium.  In  certain  Animals,  however, 
tt^e  case  is  very  different;  for  we  find  them  endowed  with  an  apparatus 
whose  special  purpose  is  obviously  the  generation  of  Electricity,  in  con- 
siderab  e  amount  and  intensity;  and  although  we  may  not  be  acquainted 
witu  all  the  objects  which  this  curious  organisation  may  answer  vet 
some  ot  its  more  obvious  uses  can  be  clearly  made-out, 

2.  Evolution  of  Liyht. 

430.  Evolution  of  Light  in  Fe^e^aWes.— It  has  been  asserted  that  many 
flowers  especially  those  of  an  orange  colour,  such  as  the  Tropceolum 
majMs  (JvJasturtium),  Calendula  officinalis  (Marigold),  Helianthus  a/nnuus 
(bun-flower),  &c.,  disengage  Hght  in  serene  and  warm  summer  evenings, 
sometimes  m  the  form  of  sparks,  sometimes  in  a  more  feeble  and  uniform 
manner;  but  many  physiologists  are  disposed  to  question  these  assertions, 
^om  their  not  having  been  themselves  able  to  witness  the  phenomena, 
ihere  is  no  doubt,  however,  that  light  is  emitted  by  many  Fungi,  whUst 
actively  vegetating,  and  in  some  instances  to  a  very  considerable  extent.* 
The  light  is  perceived  in  aU  parts  of  the  plant,  but  chiefly  in  the  young 
white  shoots;  and  it  is  more  vivid  in  young  than  in  old  plants.  The 
phosphorescence  is  stronger  in  such  as  grow  in  the  moist  and  warm 
localities  of  mines,  than  in  those  inhabiting  dry  and  cold  situations.  It 
ceases  if  the  plant  be  placed  in  vacuo,  or  in  any  atmosphere  which  does 
not  contain  oxygen;  but  reappears  when  it  is  restored  to  the  air,  even 
after  remaining  for  some  hours  in  vacuo  or  in  azote.  No  phosphorescence 
is  perceived  after  the  death  of  the  plant.  Some  Algai,  also,  have  been 
observed  to  be  luminous  when  in  a  growing  state. — On  the  other  hand, 
luminosity  is  sometimes  observed  under  circumstances  that  forbid  oiu- 
regarding  it  as  in  any  degree  a  vital  phenomenon.  Thus  it  is  stated  by 
Martins,  that  the  juice  of  the  Euphorbia  •phosphorea,  a  Brazilian  plant, 
emits  light,  especially  when  heated.  An  evolution  of  light  has  frequently 
been  observed  to  take  place  from  dead  and  decaying  wood  of  various 
kinds,  particularly  tliat  of  roots ;  it  seems  connected  with  the  conversion 
of  oxygen  into  carbonic  acid,  but  it  is  not  increased  when  the  substance 
is  placed  in  pure  oxygen.  Decomposing  Fungi,  also,  frequently  exhibit 
luminosity ;  but  this  is  very  different  from  that  displayed  by  some  of  the 

*  The  foUowing  is  one  of  the  most  recent  and  authentic  instances  yet  recorded. — "  One 
dark  night,  about  the  beginning  of  December,  while  passing  along  the  streets  of  the  Villa 
de  Natividada,  I  observed  some  boys  amusing  themselves  with  some  lununous  object,  which 
I  at  first  supposed  to  be  a  kind  of  large  fire-fly ;  but  on  making  inquiry,  I  found  it  to  be 
a  beautiful  phosphorescent  Fungus,  belonging  to  the  genus  Agaricus ;  and  was  told  that  it 
grew  abundantly  in  the  neighbourhood,  on  the  decaying  leaves  of  a  dwarf-palm.  Next  day 
I  obtained  a  great  many  specimens,  and  found  them  to  vary  from  one  to  two-and-a-half 
inches  across.  The  whole  plant  gives  out  at  night  a  bright  phosphorescent  light,  of  a 
pale  greenish  hue,  similar  to  that  emitted  by  the  larger  fire-flies,  or  by  those  curious  soft- 
bodied  marine  animals,  the  Pyrosomse.  From  this  circumstance,  and  from  growing  on  a 
palm,  it  is  called  by  the  inhabitants  '  Flor  do  Coco.'  The  light  given  out  by  a  few  of  these 
Fungi  in  a  dark  room  was  sufficient  to  read  by.  I  was  not  aware  at  the  time  I  discovered 
this  fungus,  that  any  other  species  of  the  same  genus  exliibited  a  similar  phenomenon ;  such, 
however,  is  the  case  in  the  Ag.  olearius  of  De  Candolle ;  and  Mr.  Drummond  of  Swan 
River  Colony  in  Australia  has  given  an  account  of  a  very  large  phosphorescent  species 
occasionally  found  there." — Gardner's  "Travels  in  Brazil,"  2nd  ed.  p.  264. 
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same  tribe  during  tlieir  living  state.— Considering  that  in  all  the  circum- 
stances mentioned,  the  combination  of  carbon  and  oxygen  is  taking  place 
to  some  amoimt,  it  seems  difficult  to  believe  that  there  is  not  some  con- 
nection between  the  phenomena ;  but  no  speculation  can  yet  be  raised  on 
the  subject,  with  any  prospect  of  stability,  from  the  want  of  sufficient 

facts  as  its  basis.  .       r.  ,  i  i 

431.  Evolutio7i  of  Light  in  Animals.— X  large  proportion  ot  the  lower 
classes  of  aquatic  Animals  possess  the  property  of  luminosity  in  a  greater 
or  less  degree.  The  '  phosphorescence  of  the  sea,'  which  has  been  observed 
in  every  "zone,  but  more  remarkably  between  the  tropics,  is  due  to  this 
cause.  When  a  vessel  ploughs  the  ocean  during  the  night,  the  waves, — 
especially  those  in  her  wake,  or  those  which  have  beaten  against  the 
sides,— exhibit  a  diffused  lustre,  interspersed  here  and  there  by_  stars  or 
ribands  of  more  intense  brilliance.  The  uniform  diffused  light  is  partly 
emitted  by  innumerable  minute  Animals,  which  abound  in  the  waters 
of  the  sui-face ;  and  these,  if  taken-up  iuto  a  glass  vessel,  continue  to 
exhibit  it,  especially  when  the 

Euid  is  agitated.    The  most  Fw-  188. 

common  soiu'ce  of  the  diffused 
luminosity,  is  a  minute  nearly 
globular  aiiimal,provided  with 
a  stalk-like  appendage,  which 
has  received  the  appellation 
of  Noctiluca  miliaris*  (Fig. 
188).  To  the  naked  eye,  the 
body  presents  the  appearance 
of  a  minute  lump  of  homo- 
geneous jelly  ;  when  examined 
microscopically,  it  is  found  to 
consist  of  a  sac  with  definite 
walls,  having  its  interioi-, 
which  is  for  the  most  part 
filled  with  fluid,  traversed  by 

a  network  of  a  more  consistent  gelatinous  substance,  containing  numerous 
vacuolce,  the  size  and  form  of  which  are  continually  undergoing  alteration. 
Altogether,  its  zoological  position  seems  to  be  in  the  group  of  Rhizopoda 
(§  35),  though  it  differs  from  the  ordinary  forms  of  that  group  in  several 
important  particulars.  The  light  may  proceed  from  the  whole  of  the  body 
at  once,  or  from  parts  of  it,  passing  in  succession  from  one  to  another ; 
there  is,  therefore,  no  special  organ  for  its  production  in  these  animals. 
When  the  source  of  the  luminosity  is  carefully  examined,  it  is  found  that 
what  appears  to  the  eye  to  be  a  uniform  glow,  is  resolvable  under  a 
sufficient  magnifying  power  into  a  multitude  of  evanescent  scintillations; 
differing  in  this  respect  from  the  steady  lustre  of  the  luminous  Insects 
(§  435).  It  does  not  appear  that  the  light  proceeds  from  any  phospho- 
rescent secretion,  which  can  be  separated  from  the  animals ;  nor  does  its 
emission  seem  to  be  dependent  upon  a  combustive  process,  for  which  the 

*  The  Structure  and  Luminous  phenomena  of  this  animal  have  been  peculiarly  well 
studied  by  M.  de  Quatrefages  ("Ann.  des  Sci.  Nat."  3<=  Ser.  Zool.,  Tom.  XIV.,  pp.  226, 
et  seq.).  See  also  Dr.  Pring's  experimental  inquiries,  in  "Philosophical  Magazine,"  Dec'. 
1849. 
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a^cSf  whlrP^  f  ^ecessaiy.    On  the  otlier  hand,  various  physical 
agents  which  tend  to  excite  contraction  of  the  tissues  of  the  animal 
augment  for  a  tune  its  luminosity.     This  is  the  case,  for  example,  with 
pressure;  and  it  is  tluis  that  the  breaking  of  the  waves  on  the  shore  is 
marked  by  lines  of  brilliant  Hght,  or  that  agitation  of  a  tube  contain- 
ing JNoctilucse  swimming  in  water  causes  their  phosphorescence  to  be 
developed,  and  to  be  displayed  with  augmented  intensity  for  some  time 
It  has  been  found  by  Dr.  Pring,  that  when  the  water  containing 
JNoctilucae  was  subjected  to  a  simple  galvanic  current,  no  very  per- 
ceptible eifect  could  be  observed;  but  when  an  electro-magnetic  current 
was  employed,  after  a  time  a  steady  and  continued  flow  of  light  was 
given-out  from  the  whole  of  the  water,  the  surface  of  which  appeared  as 
It  spangled  with  numberless  minute  but  persistent  points  of  Hght;  the 
light  ceased  after  a  quarter  of  an  hour,  and  could  not  be  reproduced, 
evidently  in_  consequence  of  the  death  of  the  animals.    With  veiy  dilute 
sulphuric  acid,  the  contraction  is  strongly  marked,  being  attended  with 
a  rupture  (more  or  less  rapid)  of  the  filaments  uniting  the  interior 
gelatinous  mass  to  the  envelope,  and  finally  with  a  complete  detach- 
ment of  this  mass,  which  escapes  from  the  envelope,  leaving  it  empty. 
At  the  first  contact  of  the  dilute  acid  with  the  Noctilucce,  there  is  given 
out  a  very  brilliant  light,  which  becomes  fixed  in  one  spot;  and  con- 
sentaneously with  the  ruj^ture  of  the  fibres  and  with  the  disorganization 
of  the  interior  mass  (which  proceed  from  their  permanent  contraction), 
the  clear  white  light  spreads  over  the  body,  until  the  whole  resembles  a 
ball  of  silver.     The  brilliancy  soon  diminishes,  however,  and  somewhat 
rapidly  disajipears.     Similar  effects  are  produced  by  other  acids,  as  well 
as  by  other  irritating  fluids.     On  the  other  hand,  agents  which  tend 
immediately  to  depress  the  vital  powers,  occasion  the  speedy  extinction 
of  the  light.^     Thus  Dr.  Pring  found  that  when  sulphuretted  hydrogen 
was  passed  into  water  containing  Noctilucce,  it  instantly  destroyed  their 
luminosity,  being  at  once  fatal  to  the  animals.     With  cai-bonic  acid,  the 
luminous  proj)erty  of  the  water  was  strongly  and  continuously  brought 
out  for  about  fifteen  minutes,  the  light  being  bright  enough  to  enable 
the  hands  of  a  watch  to  be  seen  in  a  dark  room;  but  at  the  expiration 
of  that  time  the  light  gradually  became  fainter,  and  in  five  or  ten  minutes 
more  it  had  totally  ceased.    A  few  drops  of  ether  let-fall  into  the  sea- 
water  in  the  dark,  appeared  instantly  to  deprive  it  of  its  luminous 
property.    On  substituting  chloroform  for  ether,  in  a  second  experiment, 
a  very  bright  and  persistent  phosphorescence  was  given-out  for  a  few 
minutes,  after  which  the  water  speedily  became  dark,  the  animals  being 
evidently  destroyed. — Some  other  Protozoa,  belonging  to  the  class  of 
Infusoria,  are  stated  to  possess  the  attribute  of  luminosity. 

432.  In  the  class  of  Zoophytes,  the  phenomenon  seems  to  be  not 
uncommon  among  the  members  of  the  order  Hydroida;  being  most 
distinctly  seen  when  the  animals  are  in  a  state  of  vigour,  and  ai'e  sub- 
jected to  some  shock  or  irritation.  It  is  most  remarkably  exhibited, 
however,  by  the  several  species  of  the  family  Pennatulidce,  belonging  to 
the  order  Aster oida;  but  their  phosphorescence  seems  to  be  only  dis- 
played under  the  influence  of  some  mechanical  or  chemical  iiTitation. 
It  has  been  observed  by  Prof.  E.  Forbes,  that  when  any  jDortion  of  the 
stem  or  branches  of  a  Pennatula  is  touched,  the  luminosity  fii-st  shows 
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Fig.  189. 


itself  there,  and  then  spreads  itself,  in  a  wave-like  manner,  towards  the 
polypiferous  extremities;  wlnlst,  if  any  of  these  extremities  be  touched 
the  luminosity  does  not  spread  backwards  from  the  point  of  contact,  but 
remains  conJed  to  the  pli-t  irritated.  When  plunged  into  fresh  water, 
the  Pennatula  scatters  sparks  about  in  all  directions  and  then  ceases  to 
be  luminous;  but  when  plunged  into  spirits,  it  does  not  do  so,  but 
remains  phosphorescent  for  some  minutes,  the  light  dying  gradually 
away,  and  vanishing  last  of  all  from  the  uppermost  polypes.  -Of  all 
Kacliated  animals,  however,  the  Acaleph<B  are  most  distinguished  by  this 
endowment;  a  large  proportion  of 
them  being  more  or  less  phospho- 
rescent, especially  in  tropical  regions, 
where  the  most  brilliant  luminosity 
is  displayed.  The  light  is  emitted, 
particularly  round  the  tentacula,  and 
from  the  ciliated  surfaces,  during  the 
movements  of  the  animal :  and  it 
seems  to  proceed  from  a  mucus  secre- 
ted from  the  integument,  which  may 
continue  to  exhibit  the  same  property 
for  a  time  when  removed  from  it. 
This  mucus,  which  has  a  very  acrid 
character  when  applied  to  the  human 
skin,  communicates  to  it  a  phospho- 
rescent property;  and;  when  mixed 
with  water  or  milk,  it  renders  these 
fluids  luminous  for  some  hours,  j^ar- 
ticularly  when  they  are  warmed  and 
agitated.  From  this  source  it  is 
probable  that  the  diffused  phosjjho- 
rescence  of  the  sea  is  partly  derived ; 
whilst  the  brilliant  stars  and  ribands, 
with  which  the  surface  is  bespangled, 
indicate  the  presence  of  the  living 
tenants  of  the  deep. — Certain  Echinodermata,  also,  have  exhibited 
luminosity;  but  the  phenomenon  seems  to  be  restricted  to  the  orders 
Asteriacla  and  Ophiurida. 

433.  Each  class  of  the  Molluscous  series,  also,  contains  phosphorescent 
animals;  but  the  phenomenon  is  especially  frequent  in  the  class  of 
Tunicata,  in  which,  however,  it  appears  to  be  chiefly  or  entirely  re- 
stricted to  the  families  Salpidce  and  Pyrosomidce,  which  float  freely  on 
the  waters  of  the  ocean,  abounding  especially  in  the  warmer  seas.  Of 
these,  too,  it  may  be  observed  that  the  luminosity  is  augmented  by 
agitation  or  by  friction.  Among  the  Conchifera,  this  phenomenon  has 
been  chiefly  witnessed  in  the  Pholas  and  Lithodomus.  N'o  marine 
Gasteropod  has  yet  been  noticed  to  possess  luminosity;  but  phospho- 
rescence has  been  observed  in  a  species  of  Slug  {Phosphorax  noctilucus) 
inhabiting  the  higher  mountains  of  Teneriffe.  Among  Pteropods  the 
Gleodora,  and  among  Cephalopods  the  Octopus,  have  been  seen  to  exhibit 


JPelagia  nociiluca. 


*  See  Dr.  .Johnston's  "British  Zoophytes,"  pp.  25-27,  150-156. 
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theT!T'''''°'\.  plieuomena  are  analogous; 

nT^?n  T  f to  be  a  secretion  from  the  surface  of  the 
anrnials,  which  communicates  its  peculiar  property  to  water  or  to  solid 
bubstances  that  come  m  contact  with  it.  The  light  disappears  in  vacuo, 
but  reappears  m  air;  it  is  increased  by  moderate  heat,  and  by  gentlv 
stimulatmg  fluids;  whilst  a  cold  or  boiling  temperatui-e,  or  strong  stimu- 
lants, soon  extmguish  it.  It  continues  for  some  days  after  death,  but 
ceases  at  the  commencement  of  putrefaction.— The  same  power  has  been 
attributed  to  Fishes  ;  but  it  is  not  improbable  that,  with  regard  to  these, 
there  has  been  a  partial  deception,  arising  from  the  excitement  given  bv 
their  movements  to  the  sources  of  phosphorescence  in  the  surrounding 
water.  Late  observations,  however,  lead  to  the  belief  that,  in  some 
species  ol  Tish,  there  is  an  inherent  luminosity:  a  species  of  Scopelus, 
tJiree  inches  long,  has  been  seen  to  emit  a  brilliant  phosphorescent 
light,  in  stars  or  spangles,  from  various  parts  of  the  scaly  covering  of 
the  body  and  head;  and  this  continued  to  be  displayed  at  intervals 
during  the  life  of  the  animal,  in  a  glass  of  sea-water,— ceasing  entii-elv 
Avith  Its  death.  ^  ^ 

434.  Among  the  Articulated  classes,  the  evolution  of  light  is  by  no 
means  an  uncommon  phenomenon;  but  in  some  of  these  it  appears  due 
to  a  different  agency  from  that  on  which  the  luminosity  of  Zoophytes 
and  Mollusks  is  dependent.  The  luminosity  which  is  observable  in  many 
of  the  marine  Annelida  is  not  a  steady  glow,  but  a  series  of  vivid  scintil- 
lations (strongly  resembling  those  produced  by  an  electric  discharge 
through  a  tube  spotted  with  tin-foil)  that  pass  along  a  considerable  num- 
ber of  segments,  lasting  for  an  instant  only,  but  capable  of  being  repeatedly 
excited  by  any  irritation  a^Dphed  to  the  body  of  the  animal.  The  peculiar 
character  of  tliis  emission  of  light  seems  to  remove  it  altogether  from  the 
category  of  ordinary  '  phosphorescence,'  and  leads  to  the  supposition  that 
it  is  dependent  upon  a  direct  conversion  of  Yital  Force  into  Light.*  A 
very  similar  kind  of  luminosity  is  observable  in  many  minute  Crustacea, 
which  emit  light  in  brilliant  jets;  and  it  is  a  curious  fact,  mentioned  by 
Prof  E.  Forbes,  that  the  cavity  of  Salpte  which  have  been  deprived  of 
their  visceral  |  nuclei  '  (Fig.  122,  a,  c),  often  contains  multitudes  of  minute 
Crustacea,  which  give  out  such  a  succession  of  phosphorescent  flashes,  as 
possibly  to  deceive  the  observer  into  the  belief  that  it  is  the  mollusk  itself 
which  is  luminous. 

435.  Among  Insects,  however,  we  find  numerous  examj)les  of  a  lumi- 
nosity which  is  obviously  of  a  different  character,  being  clearly  traceable 
to  a  combustive  process ;  and  this  is  restricted  to  particular  portions  of 
the  body,  sometimes  even  to  minute  points.  The  luminous  Insects  are 
most  numerous  among  the  order  Goleoptera  (Beetle  tribe) ;  and  are  nearly 
restricted  to  two  families,  the  Elateridce,  and  the  Lamipyridce.^  The 

*  THs  was  the  conclusion  at  whicli  tlie  Author  had  arrived  from  his  own  observations 
upon  the  luminosity  of  the  Annelida,  made  at  Tenby  in  the  year  1843.  About  the  same 
time,  M.  de  Quatrefages  an-ived  at  similar  conclusions  from  his  obsen'ations  on  the  Anne- 
lida of  La  Manche.  See  his  Memoirs  in  the  "Ann.  des  Sci.  Nat."  2°  Ser.  ZooL,  Tom.  XIX., 
and  3"=  Ser.  Tom.  XIV. — See  also  the  Author's  "Principles  of  General  Physiology,"  and 
his  Memoir  on  the  'Mutual  Relations  of  the  Vital  and  Physical  Forces'  in  "Plulos. 
Transact.,"  1850. 

t  Of  the  reputed  luminous  power  of  the  Fulgora — a  very  remarkable  genus  of  the  order 
HoDioptera,  of  which  one  species  inhabits  Guiana,  whilst  another  is  a  native  of  China, — 
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former  contains  about  30  luminous  species,  wliich  are  all  natives  of  the 
warmer  pai-ts  of  the  New  World.  The  light  of  these  '  Fire-flies '  pro- 
ceeds from  two  minute  but  brUliant  points,  which  are  situated  one  on  each 
side  of  the  front  of  the  thorax ;  and  there  is  another  beneath  the  hinder 
pai-t  of  the  thorax,  which  is  only  seen  during  flight.  The  light  proceed- 
imr  from  these  points  is  sufficiently  intense  to  allow  small  print  to  be  read 
in'the  profoimdest  darkness,  if  the  insect  be  held  in  the  fingers  and  moved 
along  the  lines.  In  all  the  luminous  insects  of  this  family,  the  two  sexes 
are  equally  phosphorescent. — The  family  Lampyridm  contains  about  200 
species  known  to  be  luminous,  the  greater  part  of  which  are  natives  of 
America,  whilst  others  are  widely  diffused  through  the  Old  World.  These  - 
are  known  as  '  Glow-worms '  {Lampyris  noctiluca  and  Lam.  splendidula); 
their  light  issues  fi-om  the  under  surface  of  the  three  last  abdominal  rings; 
it  is  most  brilliant  in  the  female,  and  exists  in  a  feeble  degree  in  the  egg, 
larva,  and  chrysalis.  The  luminous  matter  consists  of  little  granules,  and 
is  contained  in  minute  sacs,  covered  with  a  transparent  horny  lid.  These 
sacs  are  mostly  composed  of  a  close  net- work  of  finely-divided  tracheae; 
which  also  ramify  through  every  part  of  the  granular  substance.  The  lid 
exhibits  a  number  of  flattened  surfaces,  so  contrived  as  to  diffuse  the 
light  ia  the  most  advantageous  manner.  The  phosphorescence  appears  to 
be  occasioned  by  the  slow  combustion  of  a  peculiar  organic  compound, 
the  production  of  which  is  dependent  for  its  continuance  upon  the  life 
and  health  of  the  animal ;  the  actiAdty  of  this  combustion  is  stimulated 
by  anything  which  excites  the  vital  functions  of  the  individual,  and  it  is 
particularly  influenced  by  the  energy  of  the  respiratory  process.  If  the 
opening  of  the  trachea  which  supplies  the  luminous  sac,  be  closed,  so  as 
to  check  the  access  of  air  to  its  contents,  the  light  ceases ;  but  if  the  sac 
be  lifted  from  its  place,  without  injuring  the  trachea,  the  light  is  not 
interrupted.  In  all  active  movements  of  the  body,  in  which  the  respira- 
tion is  energetic,  the  light  is  proportionably  increased  in  brilliancy.  If 
the  luminous  segments  be  separated  from  the  rest  of  the  body,  they  con- 
tinue phosphorescent  for  some  time;  and  if  they  be  crushed  between  the 
fingers,  long  streaks  of  light  are  perceived  to  issue  from  the  yellowish 
matter  which  they  contain.  By  careful  experiments  upon  the  luminous 
product  thus  separated  from  the  body,  Prof  Matteucci  has  been  able  to 
prove  that  the  emission  of  light  is  dependent  upon  a  combustive  process, 
in  which  carbonic  acid  is  rapidly  generated  at  the  expense  of  the  sur- 
rounding oxygen;  and  he  has  also  ascertained  by  analysis,  that  the 
luminous  matter  does  not  contain  any  appreciable  quantity  of  phos- 
phoiTis.* — Phosphorescence  is  a  rare  phenomenon  among  aerial  animals 
of  the  higher  classes.  An  emission  of  light  has  been  seen  from  the 
egg  of  the  grey  lizard;  and  it  has  been  stated  that  a  species  of  Frog 
or  Toad  inhabiting  Surinam  is  luminous,  especially  in  the  interior  of 
its  mouth.    (See  §  437.) 

436.  Of  the  particular  objects  of  this  provision  in  the  animal  economy, 

there  is,  to  say  the  least,  very  considerable  doubt.  The  authority  on  which  it  has  been 
asserted  (that  of  Madame  Merian),  is  a  very  questionable  one ;  and  naturalists  who  have 
themselves  carefully  observed  the.se  insects,  have  seen  no  traces  of  it.  There  may,  how- 
ever, be  some  ground  for  the  statement;  particularly  if,  as  has  been  suggested,  the 
luminosity  be  exhibited  by  one  sex  only,  and  duiing  only  a  portion  of  the  year. 
*  "  Lectures  on  the  Physical  Phenomena  of  Living  Beings,"  p.  181. 
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nttle  is  known,  aiid  much  has  been  conjectured.  It  is  generaUy  imagined, 
that  It  IS  destined  to  enable  the  sexes  of  the  nocturnal  animals  (especially 
Insects)  to  seek  each  other  for  the  perpetuation  of  the  race;  and  this  hyiiJ- 
thesis  would  seem  to  derive  support  from  the  fact,  that  the  light  is  generally 
most  biilliant  at  the  season  of  the  exercise  of  the  reproductive  function, 
and  at  that  period  exists  in  some  species  (such  as  the  Earth-worm)  which 
do  not  manifest  it  at  any  other.  Moreover  it  is  well-known  that  the  male 
Glow-worm,  which  ranges  the  air  (whilst  the  female,  being  destitute  of 
wmgs,  IS  confined  to  the  earth),  is  attracted  by  any  luminous  object;  so 
that  the  poetical  language  of  Dumeril,  who  regards  the  phosphorescence 
.  of  the  female  as  "  the  lamp  of  love— the  pharos— the  telegraph  of  the 
night,  which  scintillates  and  marks  in  the  silence  of  darkness  the  spot 
appomted  for  the  lovers'  rendezvous,"  would  not  seem  so  incorrect  as  the 
ideas  of  Poets  on  subjects  of  Natural  History  usually  are.  It  may  be 
objected  on  the  other  hand,  that  there  are  many  moths  and  beetles,  which 
have  a  similar  tendency  to  fly  towards  the  Ught,  and  among  which  no 
phosphorescence  is  exhibited.  Some  of  these,  however,  are  faintly  lumi- 
nous; and  it  would  not  seem  improbable  that  the  Insects  which  are  attracted 
by  flame,  and  thus  show  that  they  are  seeking  for  objects  which  emit 
light,  may  be  cognizant  of  more  feeble  degrees  of  its  emission,  than  our 
eyes  can  appreciate.*  Still  it  must  be  remembered  that  certain  animals 
(as  Zoophytes)  are  phosphorescent,  which  have  no  occasion  to  seek  each 
other  with  this  object;  and  it  does  not  seem  impossible  that  the  property 
may  be  conferred  upon  them  (like  the  stinging  power  possessed  by  some) 
as  a  means  of  self-defence,  in  the  deficiency  of  active  powers  of  locomo- 
tion, or  of  dense  external  covering.  It  may  serve,  too,  for  the  illumina- 
tion (however  faintly)  of  those  depths  of  the  ocean,  which  are  known  to 
be  tenanted  by  Fishes  and  other  marine  tribes,  but  which  receive  no 
appreciable  portion  of  solar  light. 

437.  An  evolution  of  Light  during  the  incipient  decay  of  dead  animal 
matter,  is  by  no  means  of  uncommon  occuiTence.  It  has  been  most 
frequently  observed  to  proceed  from  the  bodies  of  Fishes,  MoUusca, 
Medusae,  and  other  marine  tribes;  but  it  has  been  seen  also  to  be  evolved 
from  the  surface  of  terrestrial  animals,  and  even  of  Man.  This  phospho- 
rescence ceases  immediately  on  the  commencement  of  foetid  putrefaction; 
and  it  would  appear  to  proceed  from  the  formation  of  luminous  matter 
during  an  early  stage  of  decomposition,  by  some  of  those  primary  changes 
in  the  combination  of  the  organic  elements,  which  immediately  succeed 
dissolution,  or  which  may  even  precede  it  for  a  brief  period.    Such  would 

*  It  has  been  objected  that,  as  the  male  is  somewhat  luminous,  and  also  the  larva  and  pupa, 
the  meeting  of  the  sexes  can  scarcely  be  the  object  of  the  provision.  But  this  difficulty  is 
easily  surmounted.  Mr.  Kii-by  justly  remarks,  that  "as  the  light  proceeds  from  a  pecu- 
liarly-organised substance,  ■which  probably  must  be  in  part  elaborated  in  the  larva  and 
pupa  states,  there  seems  nothing  inconsistent  in  the  fact  of  some  light  being  then  emitted, 
with  the  supposition  of  its  being  destined  solely  for  use  in  the  perfect  state.  And  the 
circumstance  of  the  male  having  the  same  luminous  property,  no  more  proves  that  the 
superior  brilliancy  of  the  female  is  not  intended  for  conducting  him  to  her,  than  the 
existence  of  nipples  and  sometimes  of  milk  in  man  proves  that  the  breast  of  woman  is  not 
meant  for  the  support  of  her  offspring."  The  luminosity  of  the  Insect  in  all  these  states 
may  have  the  more  remote  purpose,  also,  of  making  its  presence  known  to  the  nocturnal 
birds,  &c.  which  are  destined,  in  the  economy  of  nature,  to  feed  upon  it.  The  larva  of  the 
Lampyris  occidentalis  has  been  observed,  when  alarmed,  to  feign  death  and  extinguish  its 
light. 
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seem  to  have  been  the  case  in  certain  well-authenLicated  instances  of  tlie 
evolution  of  light  in  the  living  Human  subject.*  In  most  of  these  cases, 
the  individuals  exhibiting  the  luminosity  had  suffered  from  some  wasting 
disease,  and  were  near  death.  One  instance  is  recorded,  in  which  a  large 
cancerous  sore  of  the  breast  emitted  light  enough  to  enable  the  hands  of  a 
watch-dial  to  be  distinctly  seen,  when  it  was  held  within  a  few  inches  of 
the  ulcer;  here,  too,  decomposition  was  obviously  going-on,  and  the  phos- 
phorescent matter  produced  by  it  was  exposed  to  the  oxygenating  action 
of  the  atmosphere,  t 

3.  Evolution  of  Heat. 

438.  As  it  is  a  part  of  the  peculiar  character  of  living  organised  beings, 
that  their  vital  activity  can  only  be  sustained  under  the  constant  influence 
of  Heat,  it  is  obvious  that  those  only  can  be  rendered  independent  of 
variations  in  the  temperature  of  the  surrounding  medium,  so  as  to  main- 
tain that  wliich  is  most  favourable  to  the  performance  of  their  various 
actions,  which  have  the  jjower  of  generating  Heat,  when  it  is  not  sufii- 
ciently  imparted  to  them  from  external  sources,  and  of  resisting  its  influ- 
ence, when  it  is  excessive.  Having  already  considered  the  means  by 
which  the  temperature  of  the  living  body  is  kept  doivn  to  its  proper 
standard  (chap,  vii.),  we  have  now  to  enquire  into  the  sources  of  tlaat 
generation  of  Heat,  within  the  living  body,  wliich  keeps  its  temperature 
in  'warm-blooded'  animals  to  a  certain  fixed  point,  and  which  assists 
in  enabling  even  the  '  cold-blooded '  to  resist  the  effects  of  extreme  depres- 
sion of  the  external  temperatui-e. — It  is  well  known  that  almost  all 
Chemical  changes  are  attended  with  some  disturbance  in  the  temperature 
of  the  agents  concerned ;  and  it  might  not  unreasonably  be  surmised  that, 
of  those  which  are  so  constantly  occurring  in  the  living  system,  some  may 
be  connected  with  the  disengagement  of  the  Heat  peculiar  to  it.  Much 
vmcertainty  still  prevails  on  this  subject;  but  there  can  be  little  doubt 
that  a  large  proportion  of  the  caloric  liberated  by  organised  beings,  is 
generated  by  the  combination  of  atmospheric  oxygen  with  the  carbon  and 
hyckogen  furnished  by  them,  to  form  the  carbonic  acid  and  water  which 
they  ai-e  constantly  excreting ;  since  we  find  these  two  changes  every- 
where bearing  a  close  relation  with  each  other.  Several  other  changes  of 
composition  are  going-on,  however,  in  the  living  body,  to  which  a  part 
of  the  effect  must  be  attributed ;  and  there  are  some  residual  phenomena, 

*  "  An  account  of  several  cases  of  the  Evolution  of  Light  in  the  Livin?  Human  Sub- 
ject;" by  Sir  Henry  Marsh,  M.D.,  M.E.I.  A.,  &c. 

t  Such  facts  appear  to  give  support  to  the  idea,  that  preternat  ural  combustibility  mxs 
sometimes  exist  in  the  body,  owing  to  the  retention  of  phosphorus-compounds  Whicii 
should  normally  be  excreted  from  it  by  the  urine  after  undergoing  oxidation.  It  has  been 
observed  that  the  breath  of  drunkards  has  sometimes  exhibited  luminosity,  as  if  it  con- 
tamed  the  vapour  of  phosphorus  or  of  some  of  its  compounds ;  and  it  has  been  found  by 
experiments  upon  dogs,  tliat  if  phosphorus  be  mixed  with  oil  and  injected  into  the  blood- 
vessels, It  escapes  unburned  from  the  lungs.  ("Casper's  Wochenschrift,"  1849  No  15  )— 
The  Author  has  seen  the  narration  of  a  case,  drawn-up  by  the  subject  of  it  (a  highly  respectable 
Clergyman),  in  which  a  troublesome  sore,  occasioned  by  the  combustion  of  phosphorus  on 
the  hand,  twice  at  distant  intervals  emitted  a  flame  which  burned  the  surrounding  parts 
It  was  particular  y  stated  tl.at  ignition  could  not  have  been  etlected  by  any  neighbouring 
flame,  and  that  the  coinlnist.on  could  not  be  due  to  any  particles  of  phosphorus  remabS 
in  the  wonnd ;  anc  i  does  not  seem  improbable  that,  in  the  peculiar  condition  of  the  sore 
an  unusual  amount  of  phosphorus-compounds  had  been  deposited  in  it,  so  as  even  to  beconi; 
spontaneously  inflammable  on  the  contact  of  oxygen.  .  *  ^-u     i.cc  orac 
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whicli  seem  to  indicate  that  Heat  may  occasionally  be  a  direct  product 
of  the  metamorphosis  of  the  Nervous  Force  (§  453). 

^  439.  Evolution  of  Heat  in  Vegetables. — M\ich  dispute  has  occurred  at 
different  periods,  as  to  whether  Plants  could  be  considered  as  having  a 
projier  heat  or  not;  and  this  has  resulted  from  the  limited  view  which 
has  been  taken  of  the  processes  of  the  Vegetable  Economy.  Although 
the  excretion  of  Carbonic  acid  is  constantly  going-on,  under  the  conditions 
formerly  described  (§  270),  it  usually  takes  place  so  slowly,  and  from  a 
surface  so  openly  exposed  to  the  atmosphere,  that  it  could  scarcely  be  ex- 
pected that  there  should  be  any  sensible  elevation  of  the  temperature  of 
the  part  from  this  source, — especially  when  it  is  considered  that  a  constant 
loss  of  heat  is  taking  place  by  evaporation  :  and  as  there  is  no  provision 
for  the  conveyance  of  caloric  set-free  in  one  part,  to  distant  jDOi-tions  of 
the  system,  a  general  maintenance  of  vital  warmth  would  be  still  less 
anticipated.    In  plants  of  small  or  moderate  size,  accordingly,  the  tem- 
perature is  foimd  to  vary  with  that  of  the  atmosphere ;  but  the  interior 
of  large  trunks  seems  to  maintain  a  more  uniform  degree,  being  colder 
than  the  atmosphere  in  summer,  and  warmer  in  winter.    This  fact  may 
be  accounted-for  on  two  different  grounds.    The  slow  conducting  power 
of  the  wood,  which  is  much  less  transversely  to  the  direction  of  its  fibre, 
than  with  it,*  would  prevent  the  intei-ior  of  a  large  trunlc  from  being 
rapidly  affected  by  changes  in  the  heat  of  the  external  air ;  and  accord- 
ingly, it  is  found  that,  the  larger  the  trunk  on  which  the  observation  is 
made,  the  greater  is  the  difference.    Again,  some  motion  of  the  sap  takes 
place  even  in  winter;  and  as  the  earth,  at  a  few  feet  below  the  surface, 
preserves  a  very  uniform  temperature,  it  is  not  improbable  that  the  trans- 
mission of  fluid  derived  from  it  through  the  stem,  may  have  an  influence 
on  the  state  of  the  latter ;  a  supposition  which  is  countenanced  by  the 
fact,  that  the  temperature  of  the  interior  of  a  large  trunk,  and  that  of 
the  soil  four  feet  below  the  surface  (which  may  be  regarded  as  the  medium 
depth  of  roots),  bear  a  very  close  correspondence.    It  is  reasonable  to 
suppose  that  both  these  causes  may  be  in  operation. — By  experiments, 
however,  made  with  instruments  of  great  susceptibility  to  changes  of  tem- 
perature, Dutrochet  ascertained  that  Plants  do  possess  some  power  of 
generating  heat,  in  the  parts  in  which  the  most  active  changes  are  taking 
place.    In  order  to  obtain  unexceptionable  evidence  to  this  effect,  it  was 
necessary  to  exclude  the  influence  of  evaporation  in  depressing  the  tem- 
perature.   This  was  effected  by  making  the  comparison,  not  between  the 
temperature  of  the  plant  and  that  of  the  surrounding  air,  but  between 
similar  parts  in  a  living  plant,  and  in  one  recently  killed  by  immersion 
in  hot  water,  which  would  be  (after  cooling)  equally  susceptible  with  the 
former  of  the  diminution  of  temperature  which  evaporation  causes.  In 
some  instances,  this  source  of  error  was  still  further  guarded-against,  by 
the  immersion  of  both  plants  in  an  atmosphere  saturated  with  aqueous 
vapoui'.    The  temperature  of  the  leaves  and  young  shoots  was  ascertained, 
in  preference  to  that  of  the  stem ;  both  in  order  to  avoid  the  som-ce  of 
fallacy  already  mentioned,  and  because  in  them  the  greatest  ^woj^er  heat 
might  be  expected.    With  these  precautious,  the  residt  was  constantly 
the  same.    An  elevation  of  temperature,  sometimes  to  the  amount  of 


*  See  Dr.  Tyndall,  in  "Philos.  Transact.,"  1853,  p. 
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nearly  a  degree  (Fahr.),  was  observed  in  the  herbaceous  i^arts  of  actively- 
growing  i^lants ;  differing  with  the  species^  the  energy  of  vegetation,  and 
the  time  of  the  day.    The  highest  temperature  is  observed  about  noon ; 
it  increases  previously,  and  afterwards  diminishes.    This  diurnal  change 
is  partly  influenced  by  that  of  the  Light  to  which  the  plant  is  exposed.""' 
440.  It  is,  however,  when  the  processes  of  vegetation  give  rise  to  an  ex- 
traordinaiy  liberation  of  Carbonic  acid  (§  274),  that  the  evolution  of  heat 
becomes  manifest.    This  is  the  case  during  Germination,  when  the  eleva- 
tion of  temperature,  scarcely  manifested  by  a  single  seed,  becomes  evident 
if  a  number  ai-e  brought  together,  as  in  the  process  of  malting,  in  which  the 
thermometer  has  been  seen  to  rise  to  110°. — The  same  may  be  said  of  the 
other  period  of  vegetable  gi-owth,  in  which  the  function  of  respiration  is 
carried-on  to  a  remarkable  extent ;  that  of  Flowering.    From  the  large 
siuface  exposed,  it  is  evident  that,  in  by  far  the  gi'eater  number  of  in- 
stances, the  heat  will  be  carried-off  by  the  atmosphere,  the  instant  it  is 
developed  ;  nevertheless  the  flowers  of  a  Cistus  showed  a  temperattire  of 
79°  whilst  the  air  was  at  76°,  and  those  of  a  Geranium  87°  when  the  air 
was  at  81°.    It  is  in  plants  of  the  Arum  tribe,  however,  where  flowers 
are  collected  in  great  numbers  within  cases  which  act  as  non-conductors, 
that  the  elevation  of  temperature  becomes  most  appreciable ;  and  it  bears 
a  definite  relation  with  the  quantity  of  oxygen  converted  into  carbonic 
acid.    Thus  a  thermometer  placed  in  the  centre  of  five  sj)adixes  of  the 
Arum  CoTclifolimn  has  been  seen  to  rise  to  111°,  and  in  the  centre  of 
twelve  to  121°,  while  the  tempei-ature  of  the  external  air  was  only  66°; 
but  the  production  of  heat  was  wholly  checked,  by  preventing  the  spadix 
from  coming  in  contact  with  the  air. — The  truth  of  statements  of  this 
sort,  which  has  been  questioned  by  many  physiologists,  has  been  placed 
beyond  all  doubt  by  the  observations  of  M.  Ad.  Brongniart.    He  found 
that,  at  the  first  opening  of  the  spathe  of  Golocasia  odora,  the  temperature 
of  the  spadix  was  8-1°  above  that  of  the  surroimding  air;  that  this  in- 
creased during  the  next  day  to  18°;  and,  during  the  emission  of  the 
pollen  on  the  three  succeeding  days,  to  20°;  after  which  it  began  to  diminish 
with  the  fading  of  the  flower.    More  recently  these  observations  have 
been  confirmed  by  MM.  Yrolik  and  Yriese;  who  have  added  to  them 
some  important  facts.    The  rise  of  the  temperature  was  found  to  be  more 
rapid  and  considerable,  in  a  spadix  placed  in  oxygen,  than  in  one  at  a 
corresponding  stage  siUTOunded  by  common  air;  and  a  larger  proportion 
of  carbonic  acid  gas  was  evolved.    On  the  other  hand,  when  a  spadix,  of 
which  the  flowers  had  already  begun  to  expand,  and  the  temperature'  to 
rise,  was  placed  in  nitrogen,  the  temperature  sank,  and  exhibited  no  ele- 
vation during  the  emission  of  the  pollen;  nor  was  any  carbonic  acid 
evolved.+  _  The  correspondence  between  the  evolution  of  heat  and  the 
consumption  of  oxygen  is  made  yet  more  clear  by  the  observations  of  M. 
Garreau,^  who  has  noted  the  temperature  of  these  spadixes,  hour  by  hour, 
during  the  'paroxysm'  of  flowering,  and  the  quantity  of  oxygen  consumed 
during  the  same  periods,  with  the  following  result;— the  amount  of  heat 
developed  bemg  expressed  by  the  number  of  degrees  (Cent.)  shown  by  the 
thennometer  above  the  temperature  of  the  surrounding  air,  and  the  qua,n- 

X  o     ■     !  '' Annales  des  Sci.  Nat.,"  2<=  Ser.,  Botaii.,  Tom.  XII. 

t  Op.  cit.,  2''S6r.  Tom.  XI.  +  Op.  cit.,  3"  Scr.,  Tom.  XVI.,  p.  2.-50. 
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tity  of  oxygen  consumed  being  stated  in  multiples  of  the  volume  of  each 
spadix  : — 


No 

1. 

No.  2. 

No.  3. 

Heat 

Oxygen 

Heat 

Oxygon 

Heat 

Oxygen 

produced. 

consumed. 

produced. 

consumed. 

produced. 

consumed. 

1st  hour 

3-2 

11-1 

4-2 

16-5 

3-5 

10-0 

2iid  hour 

5-3 

16-2 

7-2 

21-1 

6-1 

15-5 

3rd  hour 

7-8 

21-4 

9-8 

27-7 

8-6 

21-1 

4th  hour 

8-3 

28-5 

8-4 

18-9 

10-2 

31-1 

5th  hour 

6-0 

14-2 

4-8 

12-2 

9-8 

18-9 

6th  hour 

2-7 

5-7 

2-7 

5-5 

5-7 

7-7 

Mean 

5-5 

16-1 

6-1 

16-9 

7-3 

17-3 

441.  Evolution  of  Heat  in  Animals. — Although  we  find  many  instances 
in  the  Animal  kingdom,  in  which  the  capability  of  maintaining  an  elevated 
and  uniform  temperature  is  exhibited  in  a  degree  to  which  nothing  com- 
parable exists  in  plants,  yet  this  is  by  no  means  a  constant  function  of 
animal,  any  more  than  of  vegetable  organisms.  Among  the  lower  tribes 
of  Animals,  in  which  the  power  of  locomotion  is  but  feeble,  and  the  sujiply 
of  the  wants  of  the  system  not  immediately  dependent  upon  it,  very  Uttle 
more  heat  is  generated  than  in  Plants.  But  wherever  a  high  degree  of 
muscular  energy  is  required,  in  connection  with  a  general  activity  of  the 
functions  of  the  nervous  system,  the  evolution  of  caloric  to  a  remarkable 
extent  is  provided-for  in  the  nutritive  processes.  We  may  regard  it,  there- 
fore, as  in  its  degree  essentially  connected  with  the  development  of  the 
Animal  powers  relatively  to  the  system  of  Organic  life ;  although  really 
dependent,  as  it  would  appear,  upon  the  changes  occu.rring  in  the  latter. 
— It  is  worthy  of  notice  that,  although  the  temperature  of  the  various 
parts  of  the  Aioimal  body  is  usually  much  more  uniform  than  that  of  the 
different  organs  in  Yegetables  (owing  to  the  comparative  rapidity  with 
which  the  general  circulation  of  the  former  diffuses  the  heat  evolved  in 
any  one  part,  and  thus  tends  to  equalise  the  whole),  wherever  processes 
are  going-on  which  call  the  nutritive  functions  into  extraordinary  activity, 
there  a  corresponding  elevation  of  temperature  occurs.  Thus,  a  slightly 
increased  evolution  of  heat  from  the  Stomach  has  been  observed,  during 
that  determination  of  blood  to  its  capUlaries,  which  takes  place  during 
digestion;  the  same  is  observable  in  the  Generative  organs  of  many 
animals,  in  which  the  aptitude  for  the  function  is  periodic  only ;  and  the 
temperature  of  a  Muscle  (as  ascertained  by  MM.  Becquerel  and  Breschet) 
rises  a  degree  or  more  during  its  contraction. 

442.  Our  knowledge  of  the  heat  evolved  by  the  lower  Invertebi-ata  is 
very  limited.  The  Infusoria  have  been  observed  to  possess  a  certain 
degree  of  power  of  resisting  cold.  When  the  water  containing  them  is 
frozen,  they  are  not  at  once  destroyed ;  but  each  lives  for  a  time  in  a 
small  uncongealed  space,  where  the  fluid  seems  to  be  kept  fi-om  freezing 
by  the  caloric  liberated  from  the  animalcule.  What  is  knoAvn  in  regard 
to  other  classes,  is  principally  derived  fi-om  the  experiments  of  Jolm 
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Plunter  He  found  that  a  tliermometer,  introduced  in  the  midst  of 
several  'Earthworim,  stood  at  5^°,  when  the  temperature  of  the  external 
air  was  57°;  and  in  anotlier  instance,  when  the  atmosphere  was  at  00°, 
the  worms  were  at  57°.  The  amount  of  heat  manifested  by  LeecJies  ap- 
i)eared  to  be  nearly  the  same,  viz.  from  one  to  two  degrees  above  that  of 
the  atmosphere.  Of  the  Mollusca,  nearly  the  same  may  be  said.  -H-unter 
found  that  the  black  slug  {Umax  ater)  exhibited  a  temperature  of  55^  , 
when  that  of  the  atmosphere  was  54° ;  and  the  garden  snail  {Hehxform^ta) 
has  been  observed  by  others  to  evolve  about  the  same  amount  of  heat. 
Further  experiments,  however,  are  desirable,  for  the  purpose  of  ascei-tam- 
iug  whether  the  power  of  generating  caloric  varies  in  such  animals  with 
different  degi-ees  of  external  temperature;  or  whether  the  heat  of  their 
bodies  always  bears  the  same  close  relation  with  that  of  the  medium  m 
which  they  exist.  The  experiments  of  Hunter  furnish  the  only  informa- 
tion on  this  subject  which  we  possess.  He  put  several  Leeches  into  a 
bottle  which  was  immei-sed  in  a  freezing  mixture,  and  the  ball  of  the  ther- 
mometer being  placed  in  the  midst  of  them,  the  quicksilver  svink  to  31°; 
by  continuing  the  immersion  for  a  suflB.cient  leng-th  of  time  to  destroy 
life,  the  quicksilver  rose  to  32°,  and  then  the  leeches  froze.  A  similar 
result  was  obtained  with  a  Snail.  It  would  appear,  therefore,  that  these 
animals  have  the  power  of  resisting, /or  a  time,  the  physical  effects  of  cold ; 
but  how  far  this  resistance  is  due  to  the  power  of  generating  heat,  or  to 
the  causes  arisiag  from  their  sti-ucture  (as  in  Vegetables,  §  439),  cannot 
be  determined  without  further  inquiries.  The  simple  maintenance  of  a 
temperature  equal  to  that  of  the  atmosphere,  by  an  animal  whose  body 
has  a  soft  surface  exposed  to  the  air,  implies  a  certain  degree  of  power 
of  generating  caloric ;  since  that  surface  (as  in  plants)  is  constantly  being 
cooled  by  the  evaporation  of  its  moisture. 

443.  In  many  Vertebrated  animals,  the  heat  of  the  body  is  almost 
equally  dependent  upon  that  of  the  surrounding  medium.  Thus  Fishes 
in  general  do  not  seem  capable  of  maintaining  a  temperature  more  than 
two  or  three  degrees  higher  than  that  of  the  water  in  which  they  live. 
There  are,  however,  some  remarkable  exceptions  ;  for  Dr.  J.  Davy  found 
that  certain  marine  fishes,  as  the  Bonito  and  Thunny,  whose  gills  are  sup- 
plied with  nerves  of  unusual  magnitude,  and  which  have  also  a  very  powerful 
heart,  and  a  quantity  of  red  blood  sufficient  to  give  the  muscles  a  dark 
red  colour,  maintain  a  temperature  much  higher  than  that  of  the  white 
fishes  of  fresh  water  on  which  Hunter  experimented.  Thus,  Dr.  D.  ob- 
served in  the  bonito  a  temperature  of  99°,  whilst  that  of  the  sea  was  but 
801°.  Although  the  conditions  of  existence  in  Yertebrata,  in  which  the 
animal  powers  are  developed  to  their  greatest  extent,  might  have  seemed 
to  require  a  greater  power  of  generating  heat  than  Fishes  usually  possess, 
it  is  to  be  remembered  that  this  class  is  less  liable  than  those  which  inhabit 
the  air,  to  suffer  from  alternations  of  temperature  connected  with  the 
seasons. ^  In  climates  subject  to  great  atmospheric  changes,  the  heat  of 
the  sea  is  comparatively  uniform  through  the  year,  and  that  of  deep  lakes 
and  rivers  is  but  little  altered.  Many  have  the  power  of  migrating  from 
situations  where  they  might  otherwise  suffer  fi'om  cold,  into  deep  waters ; 
and  it  is  an  unquestionable  fact,  that  the  species  which  are  confined  to 
shallow  lakes  and  ponds,  and  which  are  thus  liable  to  be  frozen  dm-ing 
the  winter,  are  frequently  endowed  with  tenacity  of  life,  sufficient  to 
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enable^  them  to  recover  after  a  process  which  is  fatal  to  animals  much 
lower  m  the  scale.    Fishes  are  occasionally  found  imbedded  in  the  ice  of 

Iff        '  ^^^^^  ^^^^^         ^^^^  known  to  revive  when  thawed. 

444.  In  Heptiles,  the  power  of  generating  caloric  is  somewhat  greater, 
-in  all  cases,  however,  the  temperature  of  their  bodies  is  greatly  dependent 
upon  that  of  the  mecUum  which  they  inhabit ;  but  in  proportion  to  the 
depression  of  the  latter,  do  they  seem  endowed  with  the  power  of  main- 
tammg  theii^  own  above  it.  Thus,  when  the  air  was  at  68°  a  Proteus 
manifested  the  same  degree  of  heat;  but  when  the  air  was  lowered  to  55°, 
the  temperature  of  the  animal  was  65°.  In  the  same  manner,  it  appeared 
that  the  edible  frog  {Bcma  esculenta)  possessed  a  temperatm-e  of  72^°, 
when  examined  in  an  atmosphere  of  68°;  and  that  in  ice  of  21°,  the 
animal  maintained  a  heat  of  37^°.  The  Chelonia  do  not  seem  endowed 
with  the  power  of  evolving  heat,  to  the  same  degree  with  the  JSav/rian  and 
Ophidian  reptiles.  In  some  of  the  more  agile  of  the  Lizard  tribes,  the 
high  temperature  of  86°  has  been  noticed,  when  that  of  the  external  air 
was  but  71°. — In  all  experiments  on  the  influence  of  change  of  tempe- 
rature on  such  animals,  it  is  necessary  to  guard  against  the  fallacy  arising 
from  the  slowness  (resulting  from  their  non-conducting  power)  with  which 
their  bodies  acqiiire  the  altered  heat  of  the  medium,  whether  it  be  in- 
creased or  diminished.  By  attending  to  this  precaution,  it  has  been 
shown  that  many  of  the  statements  wMch  have  been  made  regarding  their 
power  of  modifying  their  temperature,  are  liable  to  exception ;  but  it 
cannot  be  questioned  that  Reptiles  have  some  capabiHty  of  generating 
heat,  which  is  called  into  action  in  resisting  the  depressing  influence  of 
cold.  This  is  ujiequivocally  proved  by  the  fact,  that  Frogs  will  remain 
alive  in  water  which  is  frozen  around  them  (even  when  the  thermometer 
has  fallen  to  9°),  the  water  in  contact  with  the  body  remaining  fluid,  and 
the  temjDerature  of  the  body  being  33°.* 

445.  The  classes  of  animals,  which  are  especially  endowed  with  the 
power  of  producing  and  maintaining  heat,  are  Insects,  Birds  and  Mam- 
malia. The  temperature  of  Insects  has  been  very  ably  investigated  by 
Mr.  Newport,  f — In  the  LoA-va  condition,  the  temperature  of  the  animal 
corresponds  much  more  closely  with  that  of  the  atmosphere,  than  in  the 
jierfect  state;  thus,  the  larva  of  the  higher  species  of  Hymetwptera 
(Humble-bees,  &c.)  is  usually  from  2°  to  4°  above  the  surrounding  me- 
dium, whilst  the  perfect  Insect  has  a  range  of  from  3°  to  10°,  or  even 
more;  and  the  caterpillar  of  the  Leioidoptera  is  seldom  more  than  from 
^°  to  2°  warmer  than  the  atmosphere  (the  amount  vai'ying  in  close  rela- 
tion with  the  activity  of  the  individual),  whilst  the  perfect  Insect  is,  when 
much  excited,  5°  or  9°  above  it.  It  is  probable  that  in  those  tribes,  in 
which  no  complete  metamorphosis  exists,  but  in  which  the  difference 
between  the  development  of  the  larva  and  that  of  the  perfect  insect  is  but 
trifling,  there  is  not  the  same  variation  with  regard  to  the  production  of 
heat. — The  Pupa  state  being,  in  aU  Insects  which  undergo  a  complete 
metamorphosis,  a  condition  of  absolute  rest,  the  temperature  of  the  indi- 
vidual is  in  general  lower  than  at  any  previous  or  subsequent  period  of 
its  existence;  and  it  is  only  equal  to,  or  at  most  very  little  above,  that 

*  On  this  subject,  see  Dumeril,  '  Eeclierclies  Experimentales  sur  la  Temp6rattn-e  des 
Rei)tilBs,'  in  "Ann.  des  Sci.  Nat.,"  3°S6r.,  Tom.  XVII.,  p.  5. 
t  "  Pliilosopluual  Transactions,"  1837. 
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of  the  surrounding  medium.  But  in  tliose  species,  whicli  not  undergoing 
a  complete  metanforphosis,  continue  active  during  the  whole  of  life,  this 

imSution  of  the  power  of  maintaining  heat  probably  does  not  occur. 
W  tSn  a  short  peiid  after  the  first  change,  however,  the  Pupa  often 
retains  some  of  the  characteristics  of  the  larva  state,  and  exhibits  a  tempe- 

•ftre  somewhat  elevated;  and  if  it  be  at  any  time  «<i„^^2t^Sa' 
sli-ht  degi-ee  of  heat  is  manifested.  The  pupa  appears  to  follow  varia- 
tions in  atmospheric  temperature,  more  rapidly  than  the  larva ;  and  as  an 
elevation  of  temperature  becomes  necessary  towards  the  epoch  when  the 
final  metamorphosis  is  to  take  place,  means  are  provided  for  it.  In  the 
Lepidoptera,  the  Chiysalis  has  itself  the  power  of  generating  hea^  at  the 
period  when  its  energies  are  aroused,  and  it  is  about  to  burst  forth  from 
its  silky  envelope;  whilst  in  the  Hymenoptera,  it  is  most  cuiuous  to 
observe  an  artificial  warmth  communicated  to  the  pupae,  by  an  increased 
evolution  of  heat  from  the  bodies  of  the  perfect  insects  which  crowd  over 

their-  cells  (§  447).  ■■  •    i  + 

446.  The  increase  in  the  power  of  generatmg  heat  which  is  character- 
istic of  the  Imago  or  perfect  Insect,  is  not  manifested  immediately  on  its 
emei-sion  from  the  pupa-state ;  in  fact  at  that  period,  when  the  body  is  soft 
and  delicate,  and  the  unexpanded  wings  hang  uselessly  from  its  sides,  it 
parts  witli  its  heat,  with  gi-eat  rapidity.  It  is  not  until  its  active  respi- 
ratoiy  movements  have  commenced,  and  the  whole  system  has  been 
stimulated  by  the  exercise  of  its  locomotive  powers,  that  the  evolution  of 
heat  takes  place  to  any  remarkable  extent;  and  whether  these  processes 
be  delayed  or  hastened  by  the  influence  of  external  circumstances,  the 
elevation  of  the  temperature  of  the  individual  is  still  proportional  to 
them.  Thus,  a  specimen  of  the  SjMnx  Ugustri  which  had  only  left  the 
pupa-state  about  an  hour  and  a  quarter,  had  a  temperature  of  about  4" 
above  the  atmosphere;  whilst,  at  the  expiration  of  two  hours  and  a 
quarter,  when  it  had  become  strong  and  had  just  taken  its  first  flight,  it 
had  a  temperature  of  5-2°;  and  another  specimen,  whicb  had  been  longer 
exerting  itself  in  rapid  flight,  was  as  much  as  9°  warmer  than  the  sm-- 
rounding  air.  In  the  states  of  abstinence,  inactivity,  sleep,  and  hyber- 
nation, the  evolution  of  heat  is  checked;  and  the  temperature  of  the 
perfect  insect  may  fall  very  nearly  to  that  of  the  atmosphere.  By  inor- 
dinate excitement,  on  the  other  hand,  a  very  rapid  evolution  of  heat  may 
be  produced.  Thus,  a  single  individual  of  Bomhus  terrestris  (Humble-bee) 
enclosed  in  a  phial  of  the  capacity  of  three  cubic  inches,  had  its  tempera- 
ture gradually  raised,  by  violent  excitement,  from  that  of  rest  (2°  or  3° 
above  that  of  the  atmosphere)  to  9°  above  that  of  the  external  air,  and 
had  communicated  to  the  air  within  the  phial  as  much  as  4°  of  heat 
within  five  minutes.  In  an  experiment  upon  another  species,  Bomhus 
Jonella,  the  temperature  of  the  air  within  the  phial  was  raised  by  the 
motion  of  the  insect,  during  six  or  eight  minutes,  as  much  as  5 '8°  above 
that  of  the  atmosphere ;  but  when  the  bulb  was  held  near  enough  to  the 
insect  to  touch  the  tips  of  its  wings,  the  mercury  sunk  2-2°.  This  obser- 
vation, which  was  repeated  several  times  with  the  same  results,  sbows  that 
the  vibration  of  the  wings  tends  to  cool  the  body  of  the  insect  duiing  its 
flight. — In  regard  to  the  relative  amount  of  heat  evolved  by  different 
tribes  of  perfect  Insects,  Mr.  Newport  has  ascertained  that  the  volant 
insects  in  their  perfect  state  have  the  highest  temperature,  while  those 
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si)ecies  winch  have  the  lowest  temperature  are  located  on  the  eai-th 

W  the  highest  temperature,  which  pass  nearly  the  whole  of  the  dav- 

d^  taut  affinities,  and  the  elegant  and  sportive  Butterflies,  have  the  highest, 
wils  nn  rnfl  P^^d^^^^y  «^«^es,  the  Hornets  and 

tiue  of  whose  dwelhng  has  been  found  to  be  considerably  above  that  of 
the  atmosphere  Next  below  the  Diurnal  insects,  are  the  Crepuscular, 
t  e  highest  of  which  are  the  Sphinges  and  Moths,  and  almost  equal  with 
them  are  the  Chaffers.  In  some  of  the  Coleoptera  (Beetle  tribe)  the 
animal  heat  is  found  to  approach  verynearly  to  that  in  Hymenoptera:  in 
both  of  these  tribes  the  organs  of  respiration  are  of  large  extent  and  the 
quantity  and  activity  of  aeration  considerable.  On  the  other  hand,  the 
mleriority  of  the  temperatm-e  of  crepuscular  Insects  to  that  of  cUui-nal 
species  o  the  same  orders,  is  associated  with  a  lower  degi-ee  of  respiration. 
i\  early  ail  the  Hymenoptera  are  diurnal,  and  bear  the  privation  of  atmo- 
splieric  air  with  greater  difficulty  than  many  other  tribes.  Further  itwoidd 
appear  that  some  of  the  volant  Coleoptera  have,  even  in  a  quiescent  state 
a  Higher  temperature  than  some  of  the  terrestrial  Coleoptera  in  a  state  of 
moderate  activity,  the  cUfi-erence  being  much  increased  in  the  active  con- 
dition of  the  former. 

,,^^]-  }^     among  the  Insects  which  live  in  societies,  however  (nearly 
all  of  them  belonging  to  the  order  of  Hymenoptera),  that  the  greatest 
evolution  of  heat  is  manifested.    Mr.  Newport's  observations  were  made 
principally  upon  the  Bomhus  terrestris  (Humble-bee)  and  A2ns  mellifica 
(Hive-bee).— A  smgle  individual  of  the  former  species  has  frequently, 
when  moderately  excited,  a  temperature  9°  above  that  of  the  atmosphere; 
but  that  of  the  nest,  examined  in  its  natural  situation,  was  fi-om  14°  to 
1G°  above  that  of  the  atmosjahere,  and  from  17°  to  19°  above  that  of  the 
chalk-bank  in  which  it  was  formed.    But  the  generation  of  heat  is  in- 
creased to  a  most  extraordinary  degree,  at  the  period  when  the  last 
change  is  about  to  take  place  in  the  inclosed  pupaj,  which  require  an 
elevated  temperature  for  the  completion  of  theii-  developmental  processes. 
This  is  fiu-nished  by  the  individuals  denominated  by  Huber  Nurse-hees,  of 
which  Mr.  Newport  gives  the  following  interesting  account : — "  These 
individuals  are  chiefly  young  female  bees ;  and,  at  the  period  of  hatch- 
ing of  nymphs,  they  seem  to  be  occupied  almost  solely  in  increasing  the 
heat  of  the  nest,  and  communicating  wai-mth  to  the  cells  by  crowding 
uj)on  them  and  clinging  to  them  very  closely,  during  which  time  they  re- 
spii-e  very  rapidly,  and  evidently  are  much  excited.    These  bees  begin  to 
crowd  upon  the  cells  of  the  nymphs,  about  ten  or  twelve  houi's  before  the 
nymph  makes  its  appearance  as  a  perfect  bee.    The  incubation  dm-ing 
this  period  is  very  assiduously  persevered-in  by  the  nurse-bee,  who 
scarcely  leaves  the  cell  for  a  single  minute ;  when  one  bee  has  left,  another 
iu  general  takes  its  place :  previously  to  this  j)eriod,  the  incubation  on  the 
cell  is  performed  only  occasionally,  but  becomes  more  constantly  attended 
to  nearer  the  hoiu-  of  the  development.    The  manner  in  which  the  nm-se- 
bee  pei'fonns  its  office,  is  by  fixing  itself  upon  the  cell  of  the  nymph,  and 
beginning  to  respii'e  very  gradually ;  in  a  short  time  its  respiration  be- 
comes more  and  more  ft-equent,  until  it  sometimes  resjiu'es  at  the  mte  of 
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130  or  140  per  noiuute."    In  one  instance,  the  thermometer  mtrodiiced 
amonff  seven  mu'sing-bees  stood  at  921°,  whilst  the  temperature  ol  the 
external  air  was  but  70°.    The  greatest  amount  of  heat  is  generated 
by  the  nurse-bees  just  before  the  young  bees  are  hberated  from  the  combs, 
atwliich  period  they  require  the  highest  temperature     It  is  just  atter 
its  emei-sion,  that  the  yoimg  insect  is  most  susceptible  ot  cold;  it  is  tnen 
exceedingly  sleek,  soft,  and  covered  with  moisture;  it  perspires  profusely, 
and  is  hiShly  sensitive  of  the  slightest  current  of  air.    It  crowds  eagerly 
among  the  combs  and  among  the  other  bees,  and  everywhere  that  warmth 
is  to  be  obtained.    It  is  not  until  after  some  hours,  that  it  becomes  inde- 
pendent of  external  warmth.    It  is  interesting  to  remark  that  these  bees 
do  not  incubate  on  cells  that  contain  only  larvce;  the  temperature  ot  the 
atmosphere  of  the  nest  being  sufficiently  high  for  the  young  in  that  cou- 
chtion,  as  well  as  to  perfect  their  change  into  the  pupa-state.— Similar 
observations  have  been  made  by  Mr.  N'ewport  upon  the  temperature  of 
the  Hive -bees;  and  he  has  shown  that  the  fallacy  of  the  statements  of 
other  experimenters,  as  to  the  degree  of  heat  maintained  by  them  durmg 
the  winter,  is  caused  by  the  rapidity  with  which,  when  aroused,  they  can 
generate  caloric.    The  temperature  of  individual  bees  in  a  state  of  mode- 
rate excitement,  is  usually  from  10°  to  15°  above  that  of  the  atmosphere ; 
but  it  is  greatly  increased  about  the  swarming  season,  when  incubation 
of  the  pupiB  is  going-on,  and  also  when  clusters  are  formed  round  the 
entrance  of  the  hive.    At  such  times  Mr.  IST.  has  seen  the  thermometer 
raised  as  high  as  96°  or  98°,  when  the  range  of  atmospheric  temperature 
was  only  between  56°  and  58°.    The  mean  temperature  of  a  hive  during 
May  was  90°,  that  of  the  atmosphere  beiag  60°;  whilst  in  September,  the 
mean  of  the  atmosphere  being  also  60°  that  of  the  hive  was  only  66^°. 
During  the  winter,  it  appears  that  bees,  like  other  insects,  exist  in  a  state 
of  hybernation ;  though  their  torpidity  is  never  so  profound,  as  to  prevent 
their  being  aroused  by  moderate  excitement.    The  temperature  of  the 
liive  is  usually  from  5°  to  20°  above  that  of  the  atmosphere;  but  it  is 
sometimes  depressed  even  below  the  freezing  point.    It  is  when  artificially 
excited  in  a  low  temperature,  that  their  power  of  generating  caloric  be- 
comes most  evident.  Mr.  N.  mentions  one  instance  in  which  the  tem- 
pei-ature  of  a  hive,  of  which  the  inmates  were  aroused  by  tapping  on  its 
exterior,  was  raised  to  102°;  whilst  a  thermometer  in  the  air  stood  at 
34^°,  and  the  temperature  of  a  similar  hive  which  had  not  been  disturbed 
was  only  48^°. 

448.  In  regard  to  the  degree  of  Heat  which  Insects  are  capable  of 
generating,  therefore,  it  appears  that  they  may  be  ranked  between  '  cold-' 
and  'wann-blooded'  animals.  Like  the  former,  they  are  much  influenced 
by  external  temperatm-e ;  although  the  higher  species  are,  when  in  a 
state  of  moderate  exercise,  relatively  warmer  than  the  least  cold-blooded 
among  the  Reptiles.  The  degree  of  heat  they  are  occasionally  capable  of 
evolving,  is  nearly  equal  to  that  generated  by  Mammalia;  but  tliis  is 
only  required  for  the  performance  of  particular  functions,  and,  if  con- 
stantly maintained  in  Insects,  would  have  occasioned  an  unnecessary 
activity  in  the  processes  on  which  it  is  immediately  dependent,  and,  by 
consequence,  in  the  whole  of  the  nutritive  system.  In  Birds  and  Mam- 
malia, however, — where,  from  the  high  development  of  the  animal  powers, 
the  constant  maintenance  of  an  elevated  temperature  is  necessary, — all 
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fwL,rr  ''P'?".*^'"  '^'^^^  '^^^^'^>  the  calormc  and 

liigoulic  processes  bemg  so  delicately  adjusted,  as  to  render  the  lieat  of 
the  system  extremely  uniform. 

449  The  temperature  of  JBirds  is,  almost  without  exception,  higher 
tlian  that  of  tlie  MammaHa,  varying  from  100°  to  1111°.    The  fiilt  is 
that  of  the  Gul,, th(i  last  that  of  the  Swallow.     In  general,  the  same 
statement  may  be  appHed  to  Birds,  as  has  been  made  with  respect  to 
insects,— tha,t  the  temperature  is  gi-ea,ter  in  the  species  of  most  rapid  and 
powerful  flight,  and  less  in  those  which  principaUy  inhabit  the  earth,  as 
tiie  ^pwl  tribe;  but  we  find  the  lowest  temperature  of  the  class  in  the 
aquatic  birds  (which  most  closely  approximate  Eeptiles  in  their  general 
organisation),  notwithstancUng  that  they  possess,  in  the  thick  and  soft 
down  with  which  they  are  clothed,  and  which  is  rendered  impervious  to 
fluid  by  the  oily  secretion  applied  with  the  bill,  a  special  provision  for 
retaimng  that  heat  within  theii^  bodies,  which  would  otherwise  be  too 
rapidly  conducted-away.    It  is  to  be  remembered  that,  from  the  compa- 
ratively small  size  of  most  of  the  members  of  this  class,  and  the  larger 
surface  which  they  consequently  expose  in  proportion  to  their  bulk,  the 
cooling  action  of  the  surrounding  medium  will  have  a  greater  relative 
efiect  upon  them,  than  upon  larger  animals ;  and  the  amount  of  heat  they 
must  generate  to  maintain  the  same  internal  temperatm-e,  will  be  greater. 
— The  embryo  of  Birds  requires  for  its  development  a  heat  nearly  equal 
to  that  of  the  body  of  the  parent ;  and  this  is  afforded  by  the  process  of 
'incubation.    The  contents  of  the  egg,  when  lying  under  the  body  of  its 
parent,  are  so  situated,  that  the  germ-spot  (§  529)  is  brought  into  closest 
proximity  with  the  source  of  warmth.    Eggs  may,  however,  be  artificially 
incubated, — a  practice  which  is  carried  to  a  great  extent  in  EgyjDt ;  and 
in  tropical  climates  the  heat  of  the  sun  is  in  some  instances  sufficient. 
Thus,  the  Ostrich  is  said  to  leave  her  eggs  to  be  hatched  by  the  sim's 
rays  alone,  when  she  breeds  in  the  neighbourhood  of  the  Equator;  and  to 
sit  upon  them,  if  inhabiting  a  jnore  variable  climate.    It  was  observed  by 
Mr.  Knight,  that  a  fly-catcher,  which  built  for  several  successive  years  in 
one  of  his  stoves,  quitted  its  eggs  whenever  the  thermometer  was  above 
71°  or  72°,  and  resumed  her  place  upon  the  nest  when -the  thermometer 
sunk  again.    The  young  of  many  kinds  of  Birds  are  deficient,  for  some 
time  after  their  emergence  from  the  egg,  in  the  power  of  maintaining  an 
independent  temperatiu-e.   Thus,  Dr.  Edwards  found  that  young  Sparrows, 
a  week  after  they  are  hatched,  have,  while  in  the  nest,  a  temperatiu-e  of 
from  95°  to  97° ;  but  when  they  are  taken  from  the  nest,  their  temperatui-e 
falls  in  one  hour  to  66^°,  the  temperature  of  the  atmosphere  being  at  the 
same  time  62^°;  and  this  rajiid  cooling  was  shown  by  parallel  experiments 
not  to  be  owing  to  the  want  of  feathers.    This  fact,  however,  is  not  com- 
mon to  all  Birds. 

450.  The  temperature  of  Mammalia  seems  usually  to  range  from 
about  96°  to  104°;  but  more  accurate  observations  are  still  requii-ed  for 
the  sake  of  comparison.  It  is  remarkable  that  a  still  higher  point 
should  be  attained  by  the  animals  inhabitmg  the  coldest  regions;  the 
Arctic  Fox  having  been  found  by  Caj^t.  Lyon  to  possess  a  temperature  of 
nearly  107°,  when  that  of  the  atmosphere  was  14°.  That  of  the  Cetacea 
(Whale  tribe)  does  not  seem  to  be  inferior  to  that  of  other  orders ; 
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and,  to  retain  it  within  the  body,  the  skin  is  enormously  thickened  and 
penetrated  with  oU  (so  as  to  form  the  substance  known  as  by 
which  the  conducting  power  of  the  medium  they  inhabit  is  prevented 
from  operating  too  energetically  and  injuriously.  As  far  as  is  yet  know, 
the  temperature  of  the  Cheiroptera  (Bat  tribe)  seems  more  valuable  than 
that  of  any  other  order;  for  it  has  been  found  by  Mr.  Paget-  that  the 
amount  of  heat  evolved  by  a  Noctule  under  his  observation,  varied  (like 
that  of  Insects)  with  its  degree  of  activity,  its  body  being  but  a  few 
de'^rees  warmer  than  the  atmosphere  after  a  period  of  prolonged  repose, 
but  its  temperature  rising  to  99°  when  it  had  been  making  active  exer- 
tions The  heat  of  different  parts  of  the  body  varies  a  good  deal  accord- 
ing to  the  degree  of  surface  exposed;  and  it  seems  greater  among  the 
viscera,  than  in  any  situation  ever  exposed  to  the  air.  Thus  the  tem- 
perature of  the  Human  body  is  usually  stated  at  98°  or  99°,  from  the 
heit'ht  of  thermometers  placed  in  the  mouth,  axilla,  &c.;  but  that  of  the 
stomach,  accorcUng  to  Dr.  Beaumont,  is  generally  100°;  and  that  of  the 
blood  from  1001°  to  101^°.— In  the  young  MammaHa,  also,  there  is 
usually  a  considerable  deficiency  of  calorifying  power;  but  the  degree  of 
this  varies  considerably  in  the  difierent  orders  of  the  class. 

451.  There  is  a  certain  group  of  Mammals,  chiefly  belonging  to  the 
orders  Rodentia  and  Cheiroptera,  which  presents  a  marked  peculiarity^  m 
regard  to  the  generation  of  heat;  their  power  of  evolving  it  being 
periodically  diminished,  so  that  the  temperature  of  their  bodies  falls 
with  that  of  the  air  around,  even  almost  down  to  the  freezing-point ; 
and  their  vital  activity  being  lowered  in  the  same  proportion,  so  as  to  be 
almost  entirely  suspended.  Yet  this  reduction  is  not  attended  (as  in 
warm-blooded  animals  generally)  with  the  destruction  of  the  vital  pro- 
perties of  their  tissues;  for  when  the  temperature  of  their  bodies  is  again 
raised  by  external  warmth,  the  usual  activity  returns.  This  state,  wliich 
is  termed  Hybernation,  appears  to  be  as  natural  to  certain  Mammals,  as 
sleep  is  to  all;  and  is  obviously  related  very  closely  to  ordinary  sleep,^  of 
which  state  its  least  complete  form  seems  but  an  intensification.  Like 
many  Insects,  hybernating  Mammals  still  preserA-e  a  certain  capahility 
of  evolving  heat,  when  a  stimulus  of  any  kind  excites  the  animal  func- 
tions, and  gives  a  temporary  activity  to  those  of  organic  life.  This  effect 
may  be  produced  by  mechanical  irritation,  which  arouses  the  animal 
from  its  torpidity,  and  accelerates  its  respiratory  movements.  Extreme 
cold  will  produce  the  same  effect;  but  it  does  not  last  long;  and  a  more 
profound  torpidity  then  comes-on,  which  speedily  ends  in  death,  if  the 
cold  continue. — Hybernating  animals,  however,  are  by  no  means  the 
only  ones  which  exliibit  a  liei^iodical  change  in  the  power  of  generating 
heat.  It  appears  probable  that  all  species  of  animals  inhabiting  climates 
in  which  the  seasons  are  subject  to  much  variation,  vary  in  this  respect 
at  different  parts  of  the  year.  Their  power  of  evolving  heat  is  greatest 
in  the  winter ;  so  that,  if  exposed  to  severe  cold  during  summer,  their 
bodies  are  speedily  cooled.  The  change  in  the  colour  of  the  fur,  from 
dark  to  white,  which  many  animals  exhibit  at  the  approach  of  winter, 
has  the  evident  purpose  (besides  other  objects)  of  diminisliing  the  radia- 
tion of  heat  from  its  surface.    That  this  change  is  occasioned  by  the  cold 


*  "  Lectures  on  Surgical  Pathology,"  Vol.  I.,  p.  301. 
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of  the  air  around  lias  beou  proved  by  an  experiment  of  Capt.  Ross  upon 

ra.imed  Its  summer  fur.      It  was  then  exposed  on  the  deck  to  a 

r^o'r^r"'/        ^^'^^^  '^^^^       the  following  day  the  whiten! 

ing  ot  the  fur  commenced  on  the  checks  and  shoulders,  from  which 
It  gradually  extended  itself  over  the  body.     The  Common  Stoat  of  this 
country  turns  completely  white  in  Scotland  and  the  North  of  Con- 
tinental Europe  (whence  it  is  obtained  as  the  Ermine);  in  the  North  of 
ii^ngland  this  change  is  occasional  only;  and  in  the  midland  and  southern 
counties  it  is  oi  rare  occurrence.    It  is  interesting  to  perceive  the  depress- 
ing cause  thus  counteracting  itself,  by  means  of  that  provision  in  the 
structure  ot  the  animal,  which  occasions  the  change  of  the  coloui-  of  its  fur 
40^.  We  have  now  to  enquire  what  are  the  conditions  of  the  evolution 
01  Heat  m  the  annual  economy.    That  many  of  the  nutritive  iirocesses 
are  subservient  to  it,  can  scarcely  be  doubted;  but  it  seems  iDcculiarivto 
depend  upon  those  changes  in  which  the  function  of  Respiration  is  con- 
cerned—vi^:  the  union  of  Oxygen  derived  from  the  atmosphere,  with  com- 
pounds of  Hydrogen  and  Carbon  existing  in  the  living  system.  Wherever 
the  aeration  of  the  blood  is  extensively  and  actively  carried-on,  there 
IS  a  proportionate  elevation  of  temperature.     And,  on  the  other  hand 
wherever  the  respiration  is  naturally  feeble,  or  the  aeration  of  the  blood 
is  checked  by  disease  or  accidental  obstmction,  the  temperature  of  the 
body  falls.    Thus,  in  spasmodic  Asthma,  the  temperature  of  the  Human 
body  during  a  paroxysm  has  been  found  as  low  as  82°;  in  the  Asiatic 
Cholera,  a  thermometer  placed  in  the  mouth  has  indicated  but  77°;  and 
m  Cyanosis  (or  'blue  cHsease,'  arising  from  malformation  of  the  heart 
impecUng  perfect  arteriaHsation,  §  262),  the  same  low  temperature  has 
been  observed.    Again,  whenever  the  temperature  of  an  animal  is,  by 
any  extraordinaiy  stimulus,  quickly  raised  above  that  wliich  it  was  pre- 
viously maintaining,  it  is  always  in  connection  with  increased  activity  of 
the  respii'atory  movements,  and  increased  consumption  of  oxygen.  Thus, 
dm-ing  the  incubation  of  Bees,  the  insect,  by  accelerating  its  respiration] 
causes  the  evolution  of  heat  and  the  consumption  of  oxygen  to  take 
place  at  least  twenty  times  as  rapidly  as  when  in  a  state  of  repose. — Now 
it  has  been  seen  that  arterial  blood  contains  a  larger  proportion  of 
oxygen  than  exists  in  venous  blood ;  whilst,  on  the  other  hand,  the 
latter  contains  a  larger  proportion  of  carbonic  acid  than  exists  in  the 
former  (§  318);  and  it  seems  obvious,  therefore,  that  during  the  passage 
of  blood  through  the  caj)illaries,  a  part  of  its  oxygen  has  been  exchanged 
for  carbonic  acid.    The  source  of  this  product  is  evidently  the  union  of 
atmospheric  Oxygen  with  Cai-bon,  furnished  by  disintegration  of  the 
tissues,  or  (more  directly)  by  the  elements  of  the  food  (§  116);  and  by 
this  union,  caloric  must  be  generated,  precisely  as  by  the  more  rapid 
union  of  the  same  materials  in  the  ordinary  process  of  combustion. 
Further,  since  these  materials  yield  Hydrogen  as  well  as  carbon,  and 
since  more  oxygen  almost  always  cUsaiDpears  from  the  air  which  has  been 
respired,  than  is  contained  in  its  carbonic  acid  (§  319),  it  seems  probable, 
(although  this  cannot  be  demonstrated)  that  this  element  also  is  sub- 
jected to  the  combustive  process,  with  a  further  generation  of  caloric; 
and  that,  of  the  water  which  is  exhaled  from  the  limgs,  a  part  has  been 
thus  produced.     Further,  there  can  be  no  doubt  that  other  combustive 
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processes  take  place  in  the  system,  although  these  may  be  the  chief;  for 
example  of  the  Sulphur  and  Phosphorus  which  the  albuminous  components 
of 'the  food  contain,  the  greater  proportion  is  thrown-off  by  the  urmary 
excretion  (S  389,  vii.)  in  the  condition  of  sulphuric  and  phosplioiic  acids, 
having  been  combined  with  oxygen  in  the  system  When  all  these 
actions  are  taken  into  account,— when  the  amount  of  heat  that  should 
be  generated  by  the  production  of  the  quantity  of  carbonic  acid  found 
in  the  air  expired  during  a  given  time,  is  carefully  estimated,  and  the 
oxycren  which  has  cUsappeared  is  considered  as  having  been  similarly 
employed  in  other  combustive  processes,  especially  m  the  formation 
of  water,— it  is  found  that  the  total  so  closely  corresponds  with  the 
amount  of  heat  actually  generated  by  the  animal  during  the  same  time 
that  it  can  scarcely  be  doubted  that  this  process  is  the  mam  source  ot 

calorification.*  .    ,   i  v  k    •  ^ 

453.  Notwithstanding,  however,  that  the  Chemical  theory  ot  Animal 
Heat  may  be  considered  as  accounting  for  the  ordinary  maintenance  of  a 
fixed  temperature  in  the  body  at  large,  yet  there  are  some  'residual  phe- 
nomena' to  which  it  scarcely  appears  applicable.  Of  tliis  kind  are  the 
sudden  elevation  of  temperature  that  occurs  under  the  influence  of  nervous 
excitement,  which  may  be  either  general  or  local ;  the  equally  sudden 
dimiaution  which  marks  the  influence  of  the  depressing  passions;  and 
the  rapid  cooling  of  bodies  in  which  the  nervous  centres  have  been 
destroyed,  notwithstanding  that  the  respiration  is  artificially  maintained, 
and  the  circulation  continues.  So,  agaia,  when  the  spinal  cord  of  a  warm- 
blooded animal  is  divided,  there  is  a  temporary  elevation  of  temperature 
in  the  lower  extremities ;  but  this  soon  subsides,  and  the  temperature  of 
the  paralysed  pai-ts  then  remains  permanently  below  the  natural  standard. 
This  last  fact,  which  corresponds  with  the  constant  deficiency  of  warmth 
observable  in  paralysed  limbs  in  the  Human  subject,  may  be  explained 
by  attributing  the  imperfect  calorification  of  the  part  to  the  torpor  of 
the  nutrient  operations,  consequent  upon  the  deficiency  of  nervous  energy 
and  the  want  of  functional  activity.  But  this  will  scarcely  apply  to  the 
cases  first  cited ;  and  it  seems  not  uni'easonable  to  regard  them  as  indica- 
tions of  the  direct  conversion  of  Nervous  Power  into  Heat,  of  which  we 
have  strong  evidence  in  regard  to  Light  and  Electricity,  t 

4.  Evolution  of  Electricity. 

454.  Electricity  is  a  force  which  may  be  made  to  act  through  any 
form  of  matter,  and  which  may  be  produced  by  any  other  of  the  Physical 
Forces,  acting  under  certain  conditions.  Thus  Motion  will  generate  Elec- 
tricity, as  in  the  ordinary  mode  of  obtaining  it  by  the  friction  of  two 
dissimilar  substances;  and  it  is  scarcely  possible  for  such  friction  to 
0CC1U-,  without  some  degree  of  electric  disturbance.    So,  Heat  will  gene- 

*  From  the  experiments  of  Dulong  and  Despretz  it  appeared  tliat  the  whole  amount  of 
caloric  generated  by  an  animal  in  a  given  time  could  not  thus  be  accounted-for ;  but  it  has 
been  more  recently  shown  by  Prof.  Liebig,  that  the  discrepancy  nearly  vanishes,  when  the 
calculation  is  based  on  the  more  correct  data  since  determined,  as  to  the  amount  of  caloric 
generated  in  the  combustion  of  carbon  and  hydi'ogen. 

+  For  a  fuller  discussion  of  this  part  of  the  subject,  see  the  Author's  "  Human  Physio- 
logy," (4th  Edit.)  §§  662,  663 ;  and  "  Brit,  and  For.  Med.-Chir.  Rev.,"  Vol.  X.,  pp.  139, 
el  seq. 
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the  electric  equahbnum  is  disturbed,  even  when  two  parts  of  the  same 
bar  are  unequally  heated.     Magnetism,  again,  may  bi  made  to  devZe 
E  ectncxty;  as  xn  the  action  of  the  ordinary  MagLto-Electric  machine 
^ut  the  most  frequent  and  powerful  source  of  Electric  disturbance  is 
Uiem%cal  Achon;  there  being  probably  no  instance  of  chemical  union  'or 
decomposition,  m  which  the  electric  condition  of  the  bodies  is  not  altered 
although  it  may  not  be  always  easy  to  demonstrate  the  change.  And' 
by  means  of  the  chemical  actions  which  it  produces,  Light  slso  may 
become  the  generator  of  the  Electric  force.-I^ow  as  many  of  these 
forces  are  operating  in  the  living  body,  under  circumstances  which  would 
appear  to  be  peculiarly  favourable  to  the  excitement  of  Electricity,  there 
can  be  no  difficulty  in  accounting  for  its  production  in  the  organise  pro- 
cesses of  Nutrition  and  Secretion;  and  the  wonder  perhaps  is,  that  the 
nianifestations  of  it  should  be  ordinarHy  so  trivial.    Thus,  when  the 
change  of  form  of  a  body  from  solid  to  liquid,  or  from  liquid  to  gaseous, 
IS  attended  with  the  least  chemical  decomposition  (as  when  water  con- 
tammg  a  small  quantity  of  saline  matter  in  solution  is  caused  to  evaporate 
and  to  leave  it  behind),  a  very  decided  electric  disturbance  is  produced  • 
and  il  it  were  not  for  the  provisions  which  everywhere  exist  for  the 
neutrahzation  of  the  eflfects  of  such  actions,  by  the  conducting  power  of 
the  parts  m  which  they  occur  and  of  the  bodies  around  them,  such  electric 
disturbances  could  scarcely  fail  to  exert  an  important  influence  on  the 
organic  functions. 

455.  Electricity  in  Vegetables.— Thai  the  ordinary  processes  of  Vege- 
table growth  are  attended  with  a  disturbance  of  electric  equilibrium, 
which  is  manifested  when  the  bodies  in  which  it  takes  place  are  effectually 
insulated,  seems  to  have  been  proved  by  the  experiments  of  Pouillet. 
Several  pots  filled  with  earth,  and  containing  different  seeds,  were  placed 
on  an  insulated  stand  in  a  chamber,  the  air  of  which  was  kept  dry  by 
quick-lime ;  and  the  stand  was  placed  in  connection  with  a  condensing 
electrometer.    During  germination,  no  electric  disturbance  was  mani- 
fested :  but  the  seeds  had  scarcely  sprouted,  when  signs  of  it  were  evident ; 
and  when  the  young  plants  were  in  a  complete  state  of  growth,  they  se- 
parated the  gold  leaves  of  the  electrometer  half  an  inch  from  each  other 
It  was  calculated  by  him  that  a  vegetating  surface  of  100  square  metres 
in  extent  produces  in  a  day  more  electricity  than  would  be  sufficient  to 
charge  the  strongest  battery ;  and  he  not  unreasonably  considered  that 
the  growth  of  plants  may  be  one  of  the  most  constant  and  powerful  soiu-ces 
of  atmospheric  electricity.    The  disengagement  of  vapour  from  the  surface 
of  the  leaves  would  alone  be  sufficient  to  produce  such  a  disturbance,  as 
the  fluid  from  which  it  is  given-off  is  always  charged  with  sahne  and 
other  ingredients;  and  the  gaseous  changes  which  are  effected  by  the 
leaves,  upon  the  oxygen  and  carbonic  acid  of  the  atmosphere,  may  be  regarded 
as  additional  sources  of  its  development.    During  the  various  processes  of 
decomposition  and  recomposition  which  take  place  in  the  assimilation  of 
the  Yegetable  juices,  we  should  expect  that  electric  equilibriimi  would  be 
sometimes  disturbed,  sometimes  restored.    Of  this,  the  following  facts, 
amongst  others,  appear  to  be  sufficient  evidence.    If  a  wire  be  placed  in 
apposition  with  the  bark  of  a  growing  plant,  and  another  be  passed  into 
the  pith,  contrary  electrical  states  are  indicated,  when  they  are  applied  to 
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an  electrometer.  If  platinum  wires  be  passed  into  tlie  two  extremities 
of  a  fruit  tliey  also  will  be  found  to  present  opposite  conditions.  In  some 
fruits,  as  the  apple  or  pear,  the  stalk  is  negative,  the  eye  positive;  whilst 
in  such  as  the  peach  or  apricot,  a  contraiy  state  exists.  If  a  pmne 
be  divided  equatorially,  and  the  juice  be  squeezed  from  its  two  halves 
into  separate  vessels,  its  portions  will  in  like  manner  indicate  opposite  elec- 
trical states,  although  no  difference  can  be  perceived  m  their  chemical 

^"^m^^Eledncity  in  AniDials.—AW  that  has  been  said  of  the  eflfects  of 
vecretation  in  producing  a  disturbance  of  Electric  equilibrium,  will  mani- 
festly apply  to  the  nutritive  processes  of  Animals  also;  and  there  is  no 
deficiency  of  indications  that  such  is  the  case.  Thus,  Donn6  found  that 
the  skin  and  most  of  the  internal  membranes  are  m  opposite  electrical 
states;  and  Matteucci  has  seen  a  deviation  of  the  needle  amounting^ to 
15°  or  20°,  when  the  liver  and  stomach  of  a  rabbit  were  connected  with 
the  platinum  ends  of  the  wires  of  a  delicate  galvanometer.  It  may  be 
questioned  whether  the  differences  in  the  secretions  of  these  _  parts 
were  the  causes  or  the  effects  of  their  electric  conditions.  According  to 
Matteucci,  it  could  not  be  by  their  chemical  action  on  the  wires  that  the 
manifestation  was  produced,  since  it  became  very  feeble  or  entu-ely  ceased 
on  the  death  of  the  animal.  The  more  recent  experiments  of  Mr.  Baxter,t 
which  were  directed  to  the  determination  of  the  relative  electrical  con- 
dition of  secreting  surfaces,  and  of  the  blood  in  the  veins  returning  from 
them,  seem  to  confirm  the  belief  that  an  electric  disturbance  takes  place 
in  the  very  act  of  secretion.  He  found  that  when  one  of  the  electrodes 
was  placed  on  the  intestinal  surface,  and  the  other  inserted  into  the 
branch  of  the  mesenteric  vein  proceeding  from  it,  a  deflection  of  the  needle 
to  the  extent  of  4°  or  5°  was  produced,  indicating  a  positive  condition  of 
the  blood;  no  effect,  on  the  other  hand,  was  produced,  when  the  second 
electrode  was  inserted  into  the  artery  of  the  part.  These  effects  cease 
soon  after  the  death  of  the  animal,  which  is  not  the  case  with  those  which 
proceed  from  simple  chemical  differences  between  the  blood  and  the 
secreted  product.  J — The  researches  of  M.  du  Bois-Reymond,  taken  in 
connection  with  the  preceding,  have  now  made  it  apparent  that  there  are 
no  two  parts  of  the  body,  save  those  which  correspond  on  opposite  sides,  § 
whose  electric  condition  is  precisely  the  same ;  and  that  the  differences 
between  them  are  greater,  in  proportion  to  the  diversity  of  the  vital  pro- 

*  "  Annales  de  CMmie,"  Tom.  LVII. 
t  "  Pliilosophical  Transactions,"  1848,  p.  243. 

X  These  experiments  may  seem  confirmatory  of  tlie  theory  respecting  Secretion  proposed 
by  Dr.  Wollaston;  who,  observing  the  connection  between  electricity  and  chemical  action, 
was  led  to  think  that  all  the  secretions  in  the  body  are  the  effect  of  electrical  agency  acting 
in  various  modes,  and  that  the  qualities  of  each  secretion  point-out  what  species  of  elec- 
tricity preponderated  in  the  organ  which  forms  it ; — the  existence  of  free  acid  in  the  lu-ine 
and  gastric  juice,  and  of  free  alkali  in  the  bile  and  saliva,  marking  the  prevalence  of  posi- 
tive electricity  in  the  kidneys  and  stomach,  whilst  an  excess  of  negative  electricity  is 
indicated  in  the  liver  and  salivary  glands.  IBut  it  is  more  likely  that  the  distm-bance  of 
Electricity  is  the  result  of  chemical  changes,  whose  source  is  the  Vital  force,  than  that  it 
is  itself  the  cause  of  those  changes. 

§  A  wonderfully-minute  difference  in  the  respective  conditions  of  these,  is  sufficient  to 
produce  a  very  decided  efi'ect  upon  a  delicate  galvanometer ;  thus  in  the  performance  of 
M.  du  Bois-Reymond's  experiment  (§  458),  it  is  found  that  the  slightest  abrasion  of  the 
skin  of  one  of  the  immersed  fingers  produces  a  considerable  deflection  in  the  needle. 


EVOMTIOK  OP  LiailT,  HEAT,  AND  ELECTRICITY. 

rraTe"ctrS-of  "  *°  the  activity  with  which 

457.  The  influence  of  active  molecular  changes  in  producing  Electric 
tUsturbance,  is  pecuHarly  well  seen  in  the  case  of  Muscles  and  Nex-ves- 
wiiosc  substance  undergoes  more  rapid  changes,  alike  of  disintegration 
and  01  nutritive  reparation,  than  does  that  of  any  other  tissues  in  the 
body.— It  has  been  shown  by  Matteucci,*  that  if  an  incision  be  made 
into  a  Muscle  of  a  hving  animal,  and  the  nerve  of  a  '  galvanoscopic  frog't 
be  introduced  into  the  wound,  in  such  a  manner  that  its  extremity  Ls 
applied  to  the  deepest  part,  and  another  portion  to  the  Hps  or  to  the  sur- 
face of  the  miiscle,  the  leg  of  the  frog  is  thrown  into  contraction;  thus  prov- 
ing that  a  difference  exists  in  the  electric  condition  of  the  deeper  and  the 
more  superficial  parts  of  the  animal.  Tliis  phenomenon  is  exiiibited  even 
when  the  muscle  is  separated  from  the  body;  but  when  the  experiment 
IS  many  times  repeated,  the  contractions  are  observed  to  become  feebler 
and  feebler,  and  at  last  to  cease  altogether,  their  duration  being  greater 
when  a  muscle  of  a  cold-blooded  animal,  than  when  that  of  a  warm-blooded 
ammal  is  employed.  A  galvanic  pUe  may  even  be  formed  of  pieces  of  fresli 
muscle,  provided  they  be  so  arranged  that  the  internal  substance  of  each 
IS  m  contact  with  the  external  surface  of  the  next;  and  thus  it  may  be 
shown,  by  the  galvanometer,  that  a  current  is  continually  proceeding  from 
the  interior  to  the  surface  of  every  muscle.  This  cm-rent  exists  when 
the  muscle  is  in  a  completely  passive  state ;  and  its  intensity  seems  then  to 
depend  upon  the  activity  of  the  nutrient  changes  taking  jilace  in  it.  Its 
phenomena  have  been  carefully  investigated  by  M.  du  Bois-Reymond, 
who  has  arrived  at  the  general  conclusion,  that  "when  any  point  of 
the  longitudinal  section  of  a  muscle  is  connected  by  a  conductor  with  any 
point  of  its^  transverse  section,  an  electric  current  is  established,  which 
is  directed,  in  the  muscle,  from  its  longitudinal  to  its  transverse  section."^ 
The  most  powerful  influence  on  the  galvanometer  is  produced,  when  a. 
portion  of  the  outer  surface  (or  natural  longitudinal  section)  of  a  muscle 
is  laid  upon  one  of  the  electrodes,  and  a  portion  of  its  internal  part  ex- 
posed by  cutting  it  across  (or  artificial  transverse  section)  is  placed  against 

*  "  Lectiu-es  upon  the  Physical  Phenomena  of  Living  Beings;"  Lect  ix. 

t  The  'galvanoscopic  frog,'  which  has  been  contiaually  employed  by  Prof.  Matteucci  to 
test  minute  electric  disturbances  which  are  scarcely  appreciable  by  a  galvanometer,  is 
simply  the  leg  of  a  recently-killed  frog,  with  the  crural  nerve,  dissected  out  of  the  body, 
remaining  in  connection  with  it ;  the  leg  being  enclosed  in  a  glass  tube  covered  with  an 
insulating  varnish,  and  the  nerve  being  allowed  to  hang  freely  from  its  open  end,  when  two 
points  of  the  nerve  are  brought  in  contact  with  any  two  substances  in  a  diiFerent  electrical 
state,  the  muscles  which  it  supplies  are  thrown  into  contraction. 

J  See  Dr.  Bence  Jones's  "Abstract  of  the  Discoveries  in  Animal  Electricity  by  M. 
Emil  du  Bois-Eeymond,"  p.  90. — For  the  precise  comprehension  of  the  above  law,  it  is 
requisite  that  the  terms  of  its  enunciation  should  be  fully  understood.  The  entire  muscle 
being  composed  of  a  mass  of  fibres  having  a  generally-parallel  direction,  and  attached  at 
their  extremities  to  tendinous  structure  (which  has  in  itself  little  or  no  electro-motor 
power,  but  is  a  conductor  of  electricity),  it  foUows  that  the  tendon  or  tendinous  portion  of 
a  muscle  represents  a  surface  formed  by  the  bases  of  the  muscular  fibres  considered  as 
prisms,  which  may  be  designated  as  its  natural  transverse  section.  On  the  other  hand, 
the  fleshy  surface  of  the  muscle,  which  is  formed  only  by  the  sides  of  the  fibres  considered 
as  prisms,  may  be  regarded  as  the  natural  longitudinal  section  of  the  muscle.  Again,  if 
a  miiscle  be  divided  in  a  direction  more  or  less  jjerpendicular  to  its  fibres,  an  iirtifici(d 
transverse  section  will  be  made;  whilst,  if  the  muscle  be  torn  lengthways  in  the  direetiuu 
of  its  fibres,  an  artificial  longitudinal  section  will  be  jnade. 
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the  other  The  same  results  may  be  obtained,  not  merely  with  the  entire 
muscle  but  with  insulated  portions  of  it,  and  even  with  a  single  primitive 
fasciculus;  so  that  every  integral  particle  of  the  muscular  substance  must 
be  an  independent  centre  of  electro-motor  action. 

458  The  existence  of  an  Electrical  current  in  the  Frog,  passing  during 
its  whole  life  from  its  extremities  towards  its  head,  has  been  known  since 
NobHi  applied  the  galvanometer  to  the  elucidation  of  the  phenomena 
first  observed  by  Galvani;  but  it  was  at  first  supposed  to  be  peculiar  to 
this  animal.  Even  Matteucci,  for  some  time  after  his  discovery  of  the 
'  muscular  ciu-reut,'  regarded  the  '  proper  current  of  the  frog'  as  somethmg 
essentiaUy  different.  More  recently,  however,  it  has  been  shown  that 
the  latter  is  but  a  special  case  of  the  former,  being  dependent  upon  the 
particular  aiTangement  of  the  muscles  and  tendons  in  the  limbs  and  body 
of  this  animal.  The  community  of  origin  of  the  'muscular  current'  and 
of  the  '  proper  ciuTent  of  the  frog,'  is  further  indicated  by  the  circum- 
stance that  they  are  both  modified  in  the  same  manner  by  agents  which 
afiect  the  vitality  of  the  muscle ;  and  it  is  particularly  remarkable  that 
poisoning  with  sulphuretted  hydrogen  should  almost  immediately  put  an 
end  to  both,  although  narcotic  poisons  have  very  little  influence. 
The  'proper  current  of  the  frog'  bears  this  curious  analogy  to  the  electric 
discharges  of  Eishes  presently  to  be  described; — ^that  it  is  not  manifested 
if  the  connection  be  made  between  corresponding  points  of  the  opposite 
sides ;  but  that  it  shows  itself  when  the  communication  is  made  between 
points  higher  or  lower  in  the  body,  whether  on  the  same  or  opposite 
sides. 

459.  That  a  change  in  the  electric  state  of  Muscles  takes  place  in  the  act 
of  contraction,  had  been  ascertained  by  the  experiments  of  Prof  Matteucci; 
but  as  he  was  only  able  to  detect  this  by  the  '  galvanoscopic  frog '  (the  gal- 
vanometer he  employed  not  giving  unquestionable  indications  of  it),  he 
was  not  able  to  determine  its  nature  with  accuracy.  This  determination 
has  been  accomplished,  however,  by  M.  du  Bois-Reymond ;  who  has  shown 
that  (contrary  to  the  belief  of  Matteucci)  the  contraction  of  a  muscle  is 
attended  with  a  marhed  diminution  of  its  electro-motive  2yower,th.e  muscular 
ciu'rent  being  diminished,  or  even  reduced  to  zero.  This  alteration  has 
been  demonstrated  by  M.  du  Bois-Reymond  in  the  living  animal,  after 
the  following  manner.  The  two  feet  of  a  live  Frog  were  immersed  in  the 
two  connecting  vessels,  but  one  of  the  legs  was  paralysed  by  division  of 
its  sciatic  plexus ;  the  muscular  currents  of  the  muscles  of  the  two  limbs 
neutralised  each  other,  so  long  as  they  remained  at  rest;  but  upon  the 
frog  being  poisoned  with  strychnia,  so  that  tetanic  convulsions  occurred 
in  one  limb,  whilst  the  other  remained  motionless,  the  current  in  the  for- 
mer limb  was  weakened,  whilst  that  of  the  latter  remained  unaffected, 
and  a  deflection  of  the  needle  took  place,  indicating  an  upward  current  in 
the  paralysed  limb,  and  a  downward  current  in  the  tetanized  one.  The 
same  thing  may  be  shown  in  the  Human  subject,  by  dipping  the  fore- 
fingers of  the  two  hands  into  the  two  conducting  vessels  connected  with 
the  galvanometer,  so  that  the  two  arms  are  included  in  opposite  directions 
in  the  circuit ;  when  if,  after  the  needle  (which  usually  imdergoes  a  tem- 
porary disturbance  on  their  first  immersion)  has  come  to  a  state  of  rest, 
all  the  muscles  of  one  of  the  arms  be  strongly  and  pennanently  contracted, 
so  as  to  give  them  the  greatest  possible  tension  without  changing  the 
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position  of  the  arm,  the  needle  is  instantly  deflected,  always  indicating  a 
ciu-rent  from  the  hand  to  the  shoulder,  that  is,  an  %vpward  cuirent  in  the 
contracted  arm.  This  change,  however,  is  so  extremely  slight,  that  a  very 
delicate  galvanometer  is  requisite  to  render  it  perceptible.  Its  intensity 
depends  very  much  on  the  muscular  energy  of  the  experimenter;  and 
even  the  greater  power  which  the  right  arm  usually  possesses,  becomes 
perceptible  in  the  greater  deflection  of  the  needle  when  it  is  put  in 
action.* 

_  460.  The  discovery  that  an  electric  current  exists  in  Nerves,  the  condi- 
tions of  which  are  in  most  respects  similar  to  that  of  the  muscular 
current,  is  entirely  due  to  M.  du  Bois-Reymond.  When  a  small  piece 
of  a  nerve-trunk  is  cut-out  from  the  recently-killed  body,  and  is  so 
placed  upon  the  electrodes  that  it  touches  one  of  them  with  its  surface 
(or  natural  longitudinal  section),  and  the  other  with  its  cut  extremity  (or 
artificial  transverse  section),  a  considerable  deflection  of  the  index  is  pro- 
duced, the  direction  of  which  always  indicates  the  passage  of  a  ciuTent 
from  the  interior  to  the  exterior  of  the  nerve-trunk.  It  is  indifiereut  in 
regard  to  the  direction  of  the  current,  whether  the  central  or  the  peri- 
pheral cut  extremity  be  applied  to  the  electrode ;  and  in  fact,  the  most 
powerful  effect  is  obtained  by  doubling  the  nerve  in  the  middle,  and  ap- 
plying both  transverse  sections  to  one  electrode,  whilst  the  loop  is  ajDplied 
to  the  other.  On  the  other  hand,  if  the  two  cut  extremities  be  ajDplied 
to  the  two  electrodes  respectively,  no  decided  effect  is  produced ;  and  the 
same  neutrality  exists  between  any  two  points  of  the  surface  of  the 
trunk,  equidistant  from  the  middle  of  its  length ;  but  if  the  points  be  not 
equidistant,  then  a  slight  deflection  is  produced,  indicating  that  the  jmrts 
nearer  the  middle  are  positive  to  those  nearer  the  extremities.  It  has 
not  been  found  possible,  owing  to  the  small  size  of  the  nerve-trunks  ex- 
perimented-on,  to  test  in  a  similar  manner  the  relative  state  of  different 
points  of  theu'  transverse  section ;  but  there  can  be  little  doubt,  from  the 
complete  conformity  which  exists  in  other  respects  between  the  nervous 
and  muscular  currents,  that  the  same  law  would  be  found  to  prevail  in  this 
as  in  the  former  case;  namely,  that  the  points  nearer  the  surface  are 
positive  to  those  nearer  the  centre.  There  is  no  difference  between  the 
motor  and  the  sensory  nerves  in  regard  to  the  direction  of  this  current, 
the  existence  of  wliich,  like  that  of  the  muscular,  must  be  considered  as 
derived  from  the  electromotive  action  of  the  molecules  of  the  nerve. — 
Now  the  state  of  activity  which  is  induced  in  a  nerve-trunk  by  passing 
an  electric  current  through  a  portion  of  it,  is  easily  proved  to  be,  not  the 
direct  consequence  of  the  electric  force,  but  the  result  of  the  excitement 
of  the  proper  force  of  the  nerve  by  the  agency  of  Electricity.  Thus,  as 
Prof  Matteucci  has  shown,  when  an  electric  current  is  transmitted 
through  the  muscles  of  the  thighs  of  a  living  animal,  the  positive  pole 

*  Of  tMs  very  remarkable  experiment,  which  was  first  made  by  M.  du  Bois-Eeymond, 
the  Author  has  himself  (through  that  gentleman's  kindness)  been  a  witness;  and  he  gladly 
bears  his  testimony  to  its  highly  satisfkctoi-y  character.  The  success  of  M.  du  Bois-Eey- 
mond in  these  and  similar  investigations,  is  doubtless  due  in  gi-eat  part  to  the  marvellous 
sensitiveness  of  the  galvanometer  he  employs,  the  coUs  of  which  consist  of  three  miles  of 
wire,  as  well  as  to  the  perfection  of  the  various  an-angements  by  which  he  is  enabled  to 
avoid  or  eliminate  sources  of  error ;  but  it  must  be  attributed  in  great  part  also  to  the 
philosophic  method  on  which  his  inquiries  are  planned,  and  to  the  skill  and  perseverance 
with  which  they  are  carried-out. 
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heia^  placed  above  and  the  negative  pole  below,  so  that  the  current 
passes  in  the  direction  of  the  efferent  or  motor  nei-ves,  there  is  not  only 
a  strong  contraction  of  the  muscle  traversed,  but  also  of  the  muscles  of 
the  leer  below:  indicating  that  an  influence  is  transmitted  through  the 
nerves"  which  proceed  to  them.  On  the  other  hand,  when  the  current  ls 
transmitted  in  the  inverse  direction,  the  positive  pole  being  below,  so 
that  it  is  cUrected  along  the  course  of  the  afferent  nerves,  or  towards  the 
nei-vous  centres,  pain  is  produced,  without  any  muscular  contraction  save 
in  the  muscle  traversed;  showing  that  the  influence  is  now  transmitted 
towards  the  nervous  centres.*  Again,  it  has  been  clearly  established  by 
other  experiments,  that  an  electric  current  traversing  a  muscle,  never 
quits  its  substance  to  travel  along  the  fllaments  of  the  nerves  distributed 
thi-ough  it;  so  that  it  is  obvious  that  the  influence  which  in  the  one  case 
excites  muscular  contraction,  and  in  the  other  case  occasions  pain,  is  not 
Electricity,  but  Nervous  Force  generated  by  the  passage  of  the  electric 
current  through  the  muscle,  in  the  nerves  which  are  distributed  to  it. 

 ^When  an  '  electrotonic '  state  is  thus  induced  in  a  nerve,  by  the  agency 

of  a  continued  electric  current  transmitted  through  a  part  of  its  trimk, 
it  is  found  that  the  'nervous  current'  just  described  is  increased  if 
the  electric  current  have  the  same  direction  as  that  between  the  trans- 
verse and  longitudinal  sections  of  the  nerve,  and  is  diminished  if  its. 
direction  be  contrary.  When,  on  the  other  hand,  a  nerve  is  '  tetanized ' 
by  passing  an  interruj)ted  and  alternating  current  through  a  portion  of 
it,  the  effect  is,  as  in  the  case  of  muscle,  to  produce  a  diminution,  or  even 
a  complete  suspension,  of  its  own  proper  current.  A  similar  diminution, 
or  even  a  reversal  of  the  current,  has  been  found  by  M.  du  Bois-Keymond 
to  follow  severe  injuries  of  the  nerve,  by  mechanical,  chemical,  or  thermal 
agencies. 

461.  There  are  certain  animals  which  possess  the  power  of  accumulating 
Electric  force  within  their  bodies,  and  of  discharging  it  at-will  in  a  violent 
form ;  and  with  the  exception  of  some  Insects  and  Mollusca,  which  have 
been  said  (though  this  is  doubtful)  to  communicate  sensible  shocks,  these- 
animals  are  all  included  in  the  class  of  Fishes.  Above  seven  species  of 
this  class,  belonging  to  five  genera,  are  known  to  possess  electric  proper- 
ties ;  and  it  is  curious  that  these  genera  belong  to  tribes  very  dissimilar 
from  one  another,  and  that,  though  each  has  a  limited  geographical  range, 
one  species  or  other  is  found  in  almost  every  part  of  the  world.  Thus,  the 
three  species  of  Torpedo,  belonging  to  the  Ray  tribe,  are  found  on  most  of 
the  coasts  of  the  Atlantic  and  Mediterranean,  and  sometimes  so  abundantly 
as  to  be  a  staple  article  of  food.  The  Oymnotus,  or  electric  Eel,  is  con- 
fined to  the  rivers  of  South  America.  The  Silurus  (more  correctly  the 
Malapterurus),  which  approaches  more  nearly  to  the  Salmon  tribe,  occurs 
in  the  Niger,  the  Senegal,  and  the  Nile.  The  Trichiurus,\  or  Indian 
Sword-fish,  is  an  inhabitant  of  the  Indian  Seas.  And  the  Tetraodon  (one 
of  a  genus  allied  to  the  Diodon  or  globe-fish)  has  only  been  met-with  on 
the  coral  banks  of  Johana,  one  of  the  Comoro  Islands.— Tliese  Fishes 
have  not  all  been  examined  with  the  same  degree  of  attention ;  but  it 
seems  probable  that  the  phenomena  which  they  exhibit,  and  the  structural 

*  "Philosophical  Trcansactions,"  1850,  p.  295. 
+  There  is  some  doubt,  however,  as  to  the  real  character  of  the  fish  to  which  this  name 
has  been  given. 
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peculiarities  witli  which  these  are  connected,  are  essentiaUy  the  same 
tni'oughout.  The  peculiar  characteristic  of  all  is  the  power  of  giving  to 
any  luojig  body  which  touches  them,  a  shock  resembling  in  its  effects  that 
produced  by  the  cUscharge  of  a  Leyden  jar.  Tliis  is  of  very  variable  in- 
tensity m  different  species  and  individuals,  and  at  different  times.  The 
Gymnotus  will  attack  and  paralyse  horses,  as  well  as  kill  small  animals  • 
and  the  discharges  of  large  fish  (which  are  20  feet  long)  sometimes  prove 
sufficient  to  deprive  men  of  sense  and  motion.  The  effects  of  the  contact 
of  the  Torpedo  are  less  severe  and  soon  pass  off;  but  the  shock  is  attended 
with  considerable  pain  when  the  fish  is  vigorous.  The  electrical  oi-gans 
appear  to  be  charged  and  discharged  to  a  certain  extent  at  the  mil  of 
the  animals.  Their  power  is  generally  exerted  by  the  approach  of  some 
other  animal,  or  by  some  external  irritation ;  but  it  is  not  always  possible 
to^  call  it  into  action,  even  in  vigorous  individuals.  It  usually  diminishes 
with  the  general  feebleness  of  the  system,  though  sometimes  a  dying  fish 
exerts  considerable  power.  All  electrical  fishes  have  their  energy 
exhaiisted  by  a  continual  series  of  discharges;  hence  it  is  a  common 
practice  with  convoys  in  South  America,  to  collect  a  number  of  wild 
horses  and  drive  them  into  the  rivers,  in  order  to  save  themselves,  when 
they  pass,  from  being  injured  by  the  fish.  If  excessively  exhausted,  the 
animals  may  even  die;  but  they  usually  recover  their  electrical  energy 
after  a  few  hours'  rest. 

462.  The  Torpedo,  from  its  proximity  to  European  shores,  has  been 
most  frequently  made  the  subject  of  observation  and  experiment;  and  the 
following  are  the  most  important  results  of  the  investigations  which  have 
been  made  upon  it  by  various  enquirers. — That  the  shock  perceived  by 
the  organs  of  sensation  in  Man  is  really  the  result  of  an  Electric  discharge, 
has  now  been  fully  established.  Although  no  one  has  ever  seen  a  sjoark 
emitted  from  the  body  of  one  of  the  fish,  it  may  be  easily  made  manifest, 
by  causing  the  Torpedo  or  Gymnotus  to  send  its  discharge  through  a 
slightly-interrupted  circuit.  The  galvanometer  is  influenced  by  the  dis- 
charge of  the  Torpedo,  and  chemical  decomposition  may  be  effected  by  it, 
as  well  as  magnetic  properties  communicated  to  needles.  It  seems  essen- 
tial to  the  proper  reception  of  the  shock,  that  two  parts  of  the  body  should 
be  touched  at  the  same  time,  and  that  these  two  should  be  in  different 
electrical  states.  The  most  energetic  discharge  is  j^rocured  from  the  Tor- 
pedo, by  touching  the  back  and  beUy  simultaneously,  the  electricity  of 
the  dorsal  siu'face  being  positive,  and  that  of  the  ventral  negative ;  and 
by  this  means  the  galvanometer  may  be  strongly  affected,  every  jjart  of 
the  back  being  positive  with  respect  to  every  jDart  of  the  opposite  surface. 
When  the  two  wires  of  the  galvanometer  are  aj)plied  to  the  corresponding 
parts  of  the  two  sides  of  the  same  surface,  no  influence  is  manifested ;  but, 
if  the  two  points  do  not  correspond  in  situation,  whether  they  be  both  on 
tlie  back  or  both  on  the  belly,  the  index  of  the  galvanometer  is  made  to 
deviate.  The  degree  of  proximity  to  the  electric  organ  appears  to  be  the 
soui'ce  of  the  difference  in  the  relative  state  of  different  parts  of  the  body ; 
those  which  are  near  to  it  being  always  jDositive  in  respect  to  those  more 
distant.  Dr.  Davy  found  that  however  much  Torpedos  were  irritated 
through  a  single  point,  no  discharge  took  place ;  and  he  states  that  when 
one  surface  only  is  touched  and  irritated,  the  fish  themselves  ai)peai'  to 
make  an  effort  to  bring  the  border  of  the  other  surface,  by  muscular  con- 
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traction,  into  contact  >yitli  tlie  offending  body;  and  that  this  is  even  done 
bv  fojtal  fish  If  a  fish  be  placed  between  two  plates  of  metal,  the  edges 
of  which  are  in  contact,  no  shock  is  perceived  by  the  hands  placed  upon 
them  since  the  metal  is  a  better  conductor  than  the  human  body;  but, 
if  the' plates  be  separated,  and,  while  still  in  contact  with  the  opposite 
sides  of  the  body,  the  hands  be  applied  to  them,  the  discharge  is  at  once 
rendered  perceptible,  and  it  may  be  passed  through  a  line  formed  by  the 
moistened  hands  of  two  or  more  persons,  the  extremities  being  brougOit 
into  relation  with  the  opposite  plates.— The  electrical  phenomena  of  the 
Gymnotiis  ai-e  essentiaUy  the  same  with  those  of  the  Torpedo;  but  the 
opposite  electrical  states  are  found  to  exist,  not  between  the  dorsal  and 
ventral  stu-faces,  but  between  the  head  and  the  taU;  so  that  the  shock  is 
most  powerful,  when  the  connection  is  formed  between  these  two  extreme 

^°463.  It  has  been  ascertained  by  experiment,  that  the  manifestation  of 
this  peculiar  power  depends  upon  p^^^  ^^^^ 

the  integrity  of  the  connection 
between  the  l^ervous  centres 
and  certain  organs  peculiar  to 
Electrical  fishes.  In  the  Torpedo 
the  Electric  organs  are  of  flattened 
shape  (Fig.  190,  e),  and  occupy  the 
front  and  sides  of  the  body,  form- 
ing two  large  masses,  which  extend 
backwards  and  outwards  from  each 
side  of  the  head.  They  are  com- 
posed of  two  layers  of  membrane, 
between  which  is  a  whitish  soft 
pullj,  divided  into  columns  by  pro- 
cesses of  the  membrane  sent-off  so 
as  to  form  partitions  like  the  cells 
of  a  honey-comb;  the  ends  of  these 
columns  being  directed  towards 
the  two  surfaces  of  the  body.  The 
columns  are  again  subdivided  hori- 
zontally by  more  delicate  parti- 
tions, which  form  each  into  a 
number  of  distinct  cells ;  the  par- 
titions are  extremely  vascular,  and 
are  profusely  supplied  with  nerves, 
of  which  the  fibres  seem  to  break 
up  into  minuter  fibrillte  to  form 
plexuses  upon  these  membranes. 
The  fluid  contained  in  the  electrical  organs  forms  so  large  a  proportion  of 
them,  that  the  specific  gravity  of  the  mass  is  only  1026,  whilst  that  of  the 
body  in  general  is  about  1060;  and,  from  a  chemical  examination  of  its 
constituents,  it  seems  to  be  little  else  than  water,  holding  one-tenth  part 
of  albumen  in  solution,  with  a  little  chloride  of  sodium. — The  electrical 
organs  of  the  Gymnotus  are  essentially  the  same  in  structure,  though 
differing  in  shape  in  accordance  with  the  conformation  of  the  animal ; 
they  occupy  one-third  of  its  whole  bulk,  and  run  along  nearly  its  entire 


Electrical  Apparatus  of  Torpedo: — i,  branchitej 
e,  brain ;  e,  electric  organ ;  g,  cartilage  of  cranium ; 
me,  spinal  cord;  «,  nerves  to  the  pectoral  fins;  nl, 
lateral  nerves  to  the  body ;  mjj,  large  nerves  (pneumo- 
gastric)  to  the  electric  organ ;  o,  eye. 


470  EVOLUTION  OP  LIGHT,  HEAT,  AND  ELECTRICITY. 

ntW^^  ^r^^''^  ^«^^y«^''  distinct  paii-s,  one  much  larger  than  the 
ouiei .  ihe  pnsms  are  here  less  numerous,  but  are  much  longer ;  for  thev 
run  m  the  direction  of  the  length  of  the  body,  a  difierence  which  is  pro- 
?wrrx        considerable  modification  of  the  character  of  the  discharge 

4:00).— In  the  Silurus  there  is  not  any  electrical  organ  so  definite  as 
those  just  described;  but  the  thick  layer  of  dense  areolar  tissue,  whicli 
completely  surrounds  the  body,  appears  to  be  subservient  to  this  function  • 
It  IS  composed  of  tendinous  fibres  interwoven  together,  and  of  an  albu- 
mmous  substance  contained  in  their  interstices,  so  as  to  bear  a  close 
analogy  with  the  cellular  partitions  in  the  special  organs  of  the  Torpedo 
and  Gymnotus.— The  organs  of  the  other  Fishes  said  to  electrical,  have 
not  yet  come  under  the  notice  of  any  anatomist. 

464.  In  all  these  instances,  the  Electrical  Organs  are  supplied  with 
r^erves  of  very  great  size,  larger  than  any  others  in  the  same  animals 
and  larger  than  any  nerve  in  other  animals  of  like  bulk.    They  all  arise 
m  the  Torpedo  from  a  ganglionic  mass  situated  behind  the  Cerebellum 
and  connected  with  the  Medulla  Oblongata,  to  which  the  name  of 'electric 
lobe  has  been  given;  the  first  two  of  them  issue  from  t'le  cranium  in 
close  proximity  with  the  5th  pair,  and  have  been  regarded  as  belongino- 
to  It,  although  thefr  real  origin  is  different;  whilst,  from  ths  distribution 
of  the  third  electrical  nerve  to  the  stomach,  after  sending  its  principal  por- 
tion to  the  electrical  organ,  it  would  seem  analogous  to  the  8th  pair  or 
pneumogastric  (Fig.  190,  n  ^).— The  electrical  nerves  in  the  Gymnotus 
are  believed  to  arise  from  the  spinal  marrow  alone;  while  those  of  the 
Silurus  are  partly  intercostals  and  partly  belong  to  the  5th  pair.  —The 
integrity  of  the  nerves  is  essential  to  the  full  action  of  the  electrical  organs. 
If  all  the  trunks  be  cut  on  one  side,  the  power  of  that  organ  will  be  de- 
stroyed, but  that  of  the  other  may  remain  uninjiu-ed.    If  the  nerves  be 
partially  destroyed  on  either  or  both  sides,  the  power  is  retained  by  the 
portion  of  the  organs  still  in  connection  with  the  centres.    The  same  effects 
are  produced  by  tying  the  nerves,  as  by  cutting  them.  Even  sHces  of  the 
organ  entirely  separated  from  the  body,  except  by  a  nervous  fibre,  may  ex- 
hibit electrical  properties.    Discharges  may  be  excited  by  irritation  of  the 
brain  when  the  nerves  are  entire,  or  of  the  part  of  the  divided  trunk  dis- 
tributed on  the  organ;  but  on  destroying  the  '  electric  lobe'  of  the  brain, 
the  electric  power  of  the  animal  ceases  entirely,  although  all  the  other 
ganglionic  centres  may  be  removed  without  impairing  it.    It  is  remark- 
able, however,  that  after  the  section  of  the  electrical  nerves,  Torpedos 
appear  more  lively  than  before  the  operation,  and  actually  live  longer 
than  others,  not  so  injiu-ed,  which  are  excited  to  discharge  frequently. — 
Poisons  which  act  violently  on  the  nervous  system,  have  a  sti-iking  efiect 
upon  the  electrical  manifestations  of  these  fish;  thus,  two  grains  of 
muriate  of  Morphia  were  found  by  Matteucci  to  produce  death  after  about 
ten  minutes,  during  which  time  the  discharges  were  very  numerous  and 
powerful;  and  Strychnia  also  excited  powerful  discharges  at  first,  suc- 
ceeded by  weaker  ones,  the  animals  dying  in  violent  convulsions.  When 
the  animals  were  under  the  influence  of  strychnia,  it  was  observed  that 
the  slightest  irritation  occasioned  discharges ;  a  blow  given  to  the  table 
on  which  the  animal  was  placed,  being  sufiicient  to  produce  this  effect. 
If  the  spinal  cord  were  divided,  however,  no  irritation  of  the  parts  situ- 
ated below  the  section  called-forth  a  shock. — It  has  also  been  ascertauied 
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hv  Matteucci  that  the  electric  power  is  suspended  when  the  Torpedo  is 
by  Matteucci,  xuai.  ^  recovered  again  when  it  is  immersed  m 

phmged  mto  water  at  32  ,  and  ^  recoverea  alternation  may 

water  of  a  temperatui-e  from  58  to  60     and  tna  , 

JisTtf  ' 

""trSZ  :i  littcttrs^an  almost  unavoidahle  laference,  that 
the  E^cti-:  force  is  developed  in  the  electric  organ,  ^7  ^ 
its  eouilibrium  consequent  upon  Nervous  Agency.    Such  a  disturbance 
mav  be  conXed  to  take  place  in  every  one  of  those  minute  ce  Is,  into 
which  tJe  prim  is  cUvided  by  transverse  partitions;  the  two  electricities 
lo  use  he  ?un.ent  phraseology)  being  separated  by  nervous  agency  as  they 
L  in  the  tourmaline  by  heat.    Now  by  the  multiplication  of  such  ^e  Is 
S  eich  prism,  a '  pile'  would  be  produced,  at  the  two  extremes  of  which  the 
"eSestSS^nces  in  the  electric  condition  would  be  found ;  and  the  ^nte^ 
sity  of  the  cUscharge  would  thus  depend  upon  the  number  of  elements  m 
the  pile,  whUe  its  quantity  would  be  proportional  to  the  multiplication 
of  the  separate  prisms.    This  is  precisely  what  holds  good  m  nature ;  for 
the  electric  discharge  of  the  Gymnotus  is  far  more  intense  than  that  ot 
the  Torpedo,  as  might  be  expected  from  the  multiplication  of  its  cells; 
so  that,  according  to  Prof  Faraday,  a  single  medium  discharge  from  this 
animal  gives  a  shock  equal  to  that  of  a  battery  of  fifteen  Leyden  jars,  con. 
taining  3500  square  inches,  charged  to  its  highest  degree.— Further  evi- 
dence that  the  force  which  enables  the  Electric  Fishes  to  give  sensible 
manifestations  of  Electricity,  is  the  same  as  that  which  excites  Contraction 
Avhen  transmitted  to  the  Muscles,  is  derived  from  the  close  confor- 
mity between  the  conditions  under  which  the  two  phenomena  respectively 
occur.    The  connection  of  the  organs  specially  appropriated  to  each  of 
these  actions,  with  the  Nervous  System,  the  dependence  of  their  functions 
upon  the  integrity  of  this  connection  and  upon  the  will  of  the  animal,  the 
influence  of  stimulation  applied  to  the  nervous  centres  or  trunks,  the 
effect  of  ligature  or  section  of  the  nerve,  and  the  results  of  poisonous 
agents,  are  all  so  remarkably  analogous  in  the  two  cases,  that  it  seems 
scarcely  possible  to  refuse  assent  to  the  proposition,  that  the  Nervous 
power  is  the  agent  which  is  instrumental  in  producing  both  sets  of  pheno. 
mena.    Still,  however,  no  proof  whatever  can  be  derived  from  this  source, 
of  the  identity  of  Nervous  influence  with  any  form  of  Electricity ;  since 
all  that  can  be  inferred  from  it  is,  that  as,  by  the  influence  of  the  Nervous 
system  on  one  class  of  organs,  sensible  Contraction  is  produced,  so  by  its 
influence  on  another  class  of  organs.  Electricity  is  generated.    On  the 
other  hand,  all  the  experiments  of  Prof  Matteucci  confirm  the  conclusion 
based  on  other  grounds,  that  the  two  forces  are  not  identical,  but  that 
they  are  '  correlated,'  each  being  able  to  generate  the  other,  t 

466.  Kegarding  the  uses  of  the  Electrical  organs  to  the  animals  pos- 
sessing them,  no  very  certain  information  can  be  given.  It  is  doubtful  to 
what  extent  their  power  is  subservient  to  the  prehension  of  food,  which 
was  once  supposed  to  have  been  their  principal  object;  since  it  is  known 

*  See  Prof.  Matteucci's  "Lectures  on  the  Physical  Phenomena  of  Living  Beings," 
p.  216. 

+  See  the  Author's  Memoir  '  On  the  Mutual  Relations  of  the  Vital  and  Physical  Forces,' 
in  "Philos.  Transact.,"  1850. 
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owd?^  ^y^^ot^s  eats  veiy  few  of  the  fishes  whicli  it  kiUs  by  its  dis 
charge;  and  young  Torpedos  kept  by  Dr.  Davy  for  five  mLlhs  X 
nothing,  though  supplied  with  small  fishes  both  Tad  and  aU^e  but 
nevertheless  increased  in  strength  and  in  electrical  energy     The  eLtdc 
aZlS-tl-^'""^  T-r"^-  -  --1^  exhaustible  tfan  that  of  th 

^hP  t  '"''^'^-^  accounted-for  by  the  fact  of  the  greater  energy  of 

the  vital  processes  m  young  than  in  old  animals.    dS  D  experienced 

parett     Z  Tf  ''V^l  ''V'^  ''^'^       abdoiXof  the 

Chatio?  bv  dr''  assist  the  function  of 

lespiiation,  by  decomposing  the  water  in  the  neighbourhood  of  the  ffiUs 

ThrreauL'tr'  '  1 '"f  ^^"'^  ^«  --^le  to  obtain 

the  requisite  supply  of  oxygen  m  the  ordinary  way;  but  its  chief  use  he 
considers  to  be  to  guard  the  fish  from  its  enemies.  Another  function 
however,  may  not  improbably  be  influenced  by  it,-that  of  Digestion^ 
aiid  this  m  two  ways.  It  is  well  known  that  the  vital  properties  of  livin- 
tissues  are  so  completely  destroyed  by  a  violent  electric  discharge,  that 
they  are  chsposed  to  pass  more  readily  than  in  other  cases  into  decom- 
position, the  incipient  stage  of  which  is  favom-able  to  digestion:  the 
shortness  of  the  intestinal  canal  of  the  Torpedo  would  seem  to  render 
some  assistance  of  tins  kind  peculiarly  necessary.  The  process  of  cUges- 
tion  may  also  be  aided  by  the  continued  action  of  electricity  thi-ough 
the  nerves  of  the  stomach,  which  have  been  mentioned  to  be  pecuHarty 
connected  m  the  Torpedo  with  those  of  the  Electrical  organs;  a  suppo- 
sition which  derives  some  support  from  the  fact  mentioned  by  Dr 
Davy,  that  digestion  appeared  to  be  arrested  in  an  individual  wliich  had 
been  exhausted  by  frequent  excitement  to  discharge  itself:  it  should  be 
kept  in  view,  however,  that  the  general  depression  of  the  vital  powers  may 
have  been  the  cause  of  the  check  put  to  the  process.*  It  is  not  impossible, 
as  Dr.  Eoget  has  suggested,  that  the  electrical  organs  may  communicate 
to  the  fish  perceptions  of  electrical  states  and  changes  in  the  sui-rounding 
bodies  (very  cUfierent  from  any  that  we  can  feel),  in  the  same  way  as 
other  organs  of  sense  convey  perceptions  with  regard  to  light  andsound.t 


CHAPTER  XI. 


OF  GENERATION  AND  DEVELOPMENT. 


1.  General  GonsideraiioTis. 

.  467.  If  the  changes  which  Living  Beings  undergo  during  the  period  of 
their  existence,  and  the  tennination  of  that  existence  by  the  separation 
of  their  elements  at  a  period  more  or  less  remote  from  theii-  first  com- 
bination, be  regarded  as  distinguishing  them  in  a  striking  and  evident 

*  See  Dr.  J.  Davy's  'Experiments  and  Observations  on  the  Toi'pedo'  in  "Philos. 
Trans.,"  1832,  and  "Kesearches,  Pliysiological  and  Anatomical." 

f  For  some  curious  instances  of  an  unusual  development  of  Electricity  in  the  Human 
Subject,  see  the  Author's  "Human  Physiology,"  4th  Edit.,  §  673. 
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manner  from  the  masses  of  Inert  Matter  which  siuTOund  them,  stiU  more 
is  their  difference  manifested  in  that  series  of  processes,  which  constitute 
the  function  of  Generation.  A  veiy  unnecessaiy  degree  of  mystery  has 
been  spread  around  the  exercise  of  this  function,  not  only  by  general 
enquu-ers,  but  by  scientific  physiologists.  It  has  been  regarded  as  a 
process  never  to  be  comprehended  by  man,  of  which  the  nature  and  the 
laws  are  alike  insciiitable.  A  fair  comparison  of  it,  however,  with  other 
functions,  will  show  that  it  is  not  in  reaUty  less  comprehensible  or  more 
recondite  than  any  one  of  them ;— that  our  acquaintance  with  each 
depends  upon  the  facility  with  which  it  may  be  submitted  to  mvestiga. 
tion  —and  that,  if  properly  enquired-into  by  an  extensive  survey  ol  the 
animated  world,  the  real  character  of  the  process,  its  conditions,  and  its 
mode  of  operation,  may  be  understood  as  completely  as  those  of  any  other 
vital  phenomenon.  .  ,    .  , 

468.  It  may  be  considered  as  a  fundamental  truth  _ot  I'hysiologicai 
Science,  that  every  living  organism  has  had  its  origin  in  a  23re -existing 
organism.  The  doctrine  of  'spontaneous  generation,'  or  the  supposed  origi- 
nation of  Organised  structures,  de  novo,  out  of  assemblages  of  Inorganic 
particles,  although  at  different  times  sustained  with  a  considerable  show 
of  arg-ument,  based  on  a  specious  array  of  facts,  cannot  now  be  said  to 
have  any  claim  whatever  to  be  received  as  even  a  possible  hypothesis ;  all 
the  facts  on  which  it  claimed  to  rest  having  either  been  themselves  dis- 
proved, or  having  been  found  satisfactorily  explicable  on  the  general 
principle  omne  vivvm  ex  ova.    Thus,  the  appearance  of  Animalcules  in 
infusions  of  decaying  organic  matter,  the  springing-up  of  Fungi  in  spots 
to  which  it  would  not  have  been  supposed  that  their  germs  could  have 
been  conveyed,  the  occurrence  of  Entozoa  in  the  bodies  of  various  animals 
into  which  it  seemed  almost  beyond  possibility  that  their  eggs  could 
have  been  introduced,  with  other  facts  of  a  like  nature,  may  now  be 
accounted-for,  without  any  violation  of  probability,  by  our  increased 
knowledge  of  the  mode  in  which  these  organisms  are  propagated.  For 
it  is  now  well  ascertained,  that  the  germs  of  Fungi  and  of  many  kinds  of 
Animalcules  are  diffused  through  the  atmosphere,  and  are  conveyed  by 
its  movements  in  every  direction:  and  if  to  decomposing  substances, 
of  a  kind  that  would  otherwise  have  been  most  abundantly  peopled  by 
these  organisms,  such  air  only  be  allowed  to  have  access,  as  has  been 
deprived  of  its  organic  germs  by  filtration  (so  to  speak)  through  a  red-hot 
tube  or  through  strong  sulphuric  acid,  no  living  organisms  will  make  their 
appearance  in  them ;  whilst,  in  a  few  hours  after  the  exposure  of  the  very 
same  substances  to  ordinary  atmospheric  air,  it  is  found  to  be  crowded 
with  life.*    And  when  it  is  borne  in  mind  in  the  case  of  the  Entozoa, 
that  the  members  of  this  class  are  remarkable  for  the  immense  number  of 
eggs  which  most  of  them  produce,  for  the  metamorphoses  which  many  of 
them  are  known  to  undergo,  and  for  the  varieties  of  form  under  which 
there  is  reason  to  suspect  that  the  same  germs  may  develope  themselves, 
it  becomes  obvious  that  no  adequate  proof  has  yet  been  afforded  that  they 
have  been,  in  any  particular  case,  otherwise  than  the  products  of  a  pre- 
existing living  organism. — This,  again,  is  the  conclusion  to  which  all  the 
most  general  doctrines  of  Physiology  necessarily  conduct  us.    For  it  is 


*  See  the  experiments  of  Scliulze,  in  the  "Edinb.  New  Phil.  Journ."  1837,  p.  165. 
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most  certain  that  we  know  nothing  of  Vital  Force,  save  as  manifested 
tniough  Organised  structures;  whilst,  on  the  other  hand,  the  combination 
oi  inorganic  matter  into  Organised  structures  is  one  of  the  most  charac- 
teristic operations  of  Vital  Force;  hence  it  is  scarcely  conceivable  that 
any  operation  of  Physical  Forces  upon  Inorganic  matter  should  evolve  a 
liymg  Organism.  Nor  is  such  a  conception  rendered  more  feasible  by  the 
admission  that  Vital  Force  stands  in  such  a  relation  to  the  Physical  Forces 
that  we  may  regard  the  former  as  a  manifestation  of  the  latter  when 
acting  through  Organised  structures;  since  according  to  this  view  also  no 
V  ital  force  can  be  manifested,  and  no  Organisation  can  take  place,  except 
through  a  pre-existing  Organism.— (See  General  Physiology.) 

469.   lb  may  be  further  considered  as  an  established  Physiological 
truth,  that,  when  placed  under  circumstances  favourable  to  its  complete 
evolution,  every  germ  will  develope  itself  into  the  likeness  of  its  parent; 
drawing  into  itself,  and  appropriating  by  its  own  assimilative  and  forma- 
tive operations,  the  nutrient  materials  supplied  to  it;  and  repeating  the 
entire  series  of  phases  through  which  its  parent  may  have  passed,  how- 
ever multiform  these  may  be.*     Now  the  germs  of  all  tribes  of  Plants 
and  Animals  whatever,  bear  an  extremely  close  relation  to  each  other  in 
their  earliest  condition;    so  that  there  is  no  appreciable  distinction 
amongst  them,  which  would  enable  it  to  be  determined  whether  a  par- 
ticular molecule  is  the  germ  of  a  Conferva  or  of  an  Oak,  of  a  Zoophyte 
or  of  a  Man.    But  let  each  be  placed  in  the  conditions  it  requires;  and 
a  gradual  evolution  of  the  germ  into  a  complex  fabric  will  take  place, 
the  more  general  characters  of  the  new  organism  preceding  the  more 
special,  as  already  explained  (§§  73,  74).    These  conditions  are  not  dif- 
ferent in  kind  fi-om  those  which  are  essential  to  the  process  of  Nutrition 
in  the  adult;  for  they  consist,  on  the  one  hand,  in  a  due  supply  of 
Aliment  in  the  condition  in  which  it  can  be  appropriated;  and,  on  the 
other  hand,  in  the  operation  of  certain  external  agencies,  especially  Heat 
which  seems  to  supply  the  force  requisite  for  the  developmental  process 
(§  342).    Now  although  we  may  not  be  able  to  discern  any  such  osten- 
sible differences  in  the  germs  of  different  orders  of  living  beings,  as  can 
enable  us  to  discriminate  them  one  from  another,  yet,  seeing  so  marked  a 
diversity  in  their  operations  under  circumstances  essentially  the  same, 
we  cannot  do  otherwise  than  attribute  to  them  distinct  properties :  and 
it  will  be  convenient  to  adopt  the  phrase  germinal  capacity  as  a  com- 
prehensive expression  of  that  peculiar  endowment,  in  virtue  of  which 
each  germ  developes  itself  into  a  structure  of  its  own  specific  type,  when 
the  requisite  forces  are  brought  to  bear  upon  it,  and  the  requisite  mate- 
rials are  supplied  to  it.+    Thus,  then,  every  act  of  Development  may  be 

*  The  apparent  exceptions  to  this  rule,  which  have  been  brought  together  Tinder  the 
collective  term  'Alternation  of  Generations,'  will  be  presently  considered,  and  will  be 
shown  to  be  only  exceptional  when  misinterpreted  (§  478). 

"t*  This  term  is  prefen-ed  to  that  of  '  germ-power'  suggested  by  Mr.  Paget,  because  the 
latter  seems  to  imply  that  the  force  of  development  exists  in  the  germ  itself.  Now  if  this 
were  true,  not  only  must  the  whole  formative  power  of  the  adult  have  been  possessed  by 
its  first  cell-germ,  but  the  whole  formative  power  of  all  the  beings  simultaneously  belonging 
to  any  one  race,  must  have  been  concentrated  in  the  first  cell-germ  of  their  original  pro- 
genitor. This  seems  a  recluctio  ad  ahsurdum  of  any  such  doctrine ;  and  we  are  driven 
back  on  the  assumption  (which  all  observation  coniirms),  that  the  force  of  development  is 
derived  from  external  agencies. 
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considered  as  due  to  the  force  supplied  by  Heat  or  some  otlier  physical 
a<-ency,  which,  operating  through  the  Organic  germ,  exerts  itself  as  for- 
mative power;  whilst  the  mode  in  which  it  takes  eflfect  is  dependent 
upon  the  properties  or  endowments  of  the  substances  through  which  it 
acts  namely,  the  germ  on  the  one  hand,  the  alimentary  materials  on  the 
other,— i^ist  as  an  Electric  cun-ent  transmitted  through  the  diflferent 
nerves  of  sense,  produces  the  sensory  impressions  which  are  charac- 
teristic of  each  respectively;  or,  as  the  same  current,  transmitted  through 
one  form  of  Inorganic  matter,  produces  Light  and  Heat,  through  another. 
Chemical  change,  or  through  another.  Magnetism. 

470.  In  the  development  of  any  living  being,  therefore,  from  its  pri- 
mordial germ,  we  have  three  sets  of  conditions  to  study; — namely, 
the  physical  forces  wliich  are  in  operation ;  second,  the  properties  of  the 
germ,  which  these  forces  call  into  activity;  and  third,  the  propei-ties  of 
the  alimentary  materials,  which  are  incorporated  in  the  organism  during 
its  development.    There  is  evidence  that  each  of  these  may  have  a  consi- 
derable influence  on  the  result ;  but  in  the  higher  organisms  it  would 
seem  that  the  second  is  more  dominant  than  it  is  in  the  lower.  For 
among  many  of  the  lower  tribes,  both  of  Plants  and  Animals,  there  is 
reason  to  believe  that  the  range  of  departure  from  the  characters  of  its 
parent,  which  the  organism  may  present,  is  considerably  greater  than 
that  of  the  higher;  and  that  this  is  chiefly  due  to  the  external  conditions 
imder  which  it  has  been  developed.    The  forms  of  a  number  of  species 
of  the  lower  Fungi,  for  example,  appear  to  be  in  great  part  dependent  on 
the  nature  of  their  aliment  (§  26,  note) ;  so  among  the  Entozoa,  it  is  now 
fully  established  that  those  which  were  formerly  disting-uished  as  Cystica, 
are  only  Gestoidea  that  are  prevented  by  the  circumstances  under  which 
they  exist  from  attaining  their  full  development  (§  570) ;  and  the  pro- 
duction of  a  fertile  'queen'  or  of  an  imperfect  'worker,'  among  the 
Hive-bees,  appears  to  be  entirely  determined  by  the  food  with  which  the 
larva  is  supplied  (§  119).    IsTo  such  variations  have  been  observed  among 
the  higher  classes;  in  which  it  would  seem  as  if  the  form  attained  by 
each  germ  is  more  rigidly  determined  by  its  own  endowments ;  a  modifi- 
cation in  the  other  conditions,  which  in  the  lower  tribes  would  consider- 
ably affect  the  result,  being  in  them  unproductive  of  any  corresponding 
change.    For  if  such  modification  be  considerable,  the  organism  is  unable 
to  adapt  itself  to  it,  and  consequently  either  perishes  or  is  imperfectly 
developed;  whilst,  if  it  be  less  potent,  it  produces  no  obvious  eflfect. 
Thus,  a  deficiency  of  Food  in  the  growing  state  of  the  higher  Animal, 
will  necessarily  prevent  the  attainment  of  the  full  size;  but  it  will  not 
exert  that  influence  on  the  relative  development  of  diSerent  parts,  which 
it  does  among  Plants  (in  which  it  favours  the  production  of  flowers  and 
fruit  in  place  of  leaves,  §  92),  or  which  it  seems  to  exercise  in  several 
parallel  cases  among  Animals  (§  118).    So,  again,  a  deficiency  of  Heat 
may  slightly  retard  the  development  of  the  Chick;  but  if  the  egg  be 
allowed  to  remain  long  without  the  requisite  warmth,  the  embryo  dies, 
instead  of  passing  into  a  state  of  inactivity  like  that  of  Reptiles  or 
Insects. 

471.  The  extent,  indeed,  to  which  these  external  conditions  may  affect 
the  development  of  the  inferior  organisms,  must  not  be  in  the  least 
judged-of  by  that  to  which  their  operation  is  restricted  in  the  higher; 
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present'  P;^^^^lV^'V'%^"^'^  ^^^^^^  ^^-l*^^^"^  «^  «^^l^ject.  At 
fiC'w  ''^.^'^^       ^  1^™^^^°^         detennination;  whetht 

fiom  a  being  of  superior  organization,  lower  forms  of  living  structure 

^^^T^"^"^^       independent  existence,  and  of  ^a^ttrg 
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powers  (§  566).    Yanous  morbid  growths,  such  as  Cancer-cells,  to  which 

the  higher  organisms  are  liable,  have  been  looked-upon  in  this  light- 
these  have  certainly  a  powerful  vitality  of  their  own,  which  enables  them 
to  increase  and  multiply  at  the  expense  of  the  organism  which  they 
mtest;  and  they  have  also  an  energetic  reproductive  power,  by  which 
they  can  propagate  their  kind,  so  as  to  transmit  the  disease  to  other 
organisms,  or  to  remote  parts  of  the  same  organism:  but  such  growths 
are  not  independent;  they  cannot  maintain  their  own  existence,  when 
detached  from  the  organism  in  which  they  are  developed;  and  they  have 
not,  therefore,  the  attribute  of  a  separate  individuality.     Various  phe- 
nomena hereafter  to  be  detailed,  however,  respecting  the  '  gemmiparous ' 
production  of  living  beings,  when  taken  in  connection  with  that  iust 
cited,  seem  to  render  it  by  no  means  impossible  that  the  individualiza- 
tion may  be  more  complete  in  other  cases,  so  that  independent  beings  of 
a  lower  tyj^e  ma^j  i^ossihhj  originate  in  a  perverted  condition  of  the 
formative  operations  in  the  higher.     But  no  satisfactory  evidence  has 
ever  been  aflforded  by  experience,  that  such  '  equivocal  generation'  has 
actually  taken-place;*  and  its  possibiUty  is  here  aUuded-to,  only  as  a  con- 
tingency which  it  is  right  to  keep  in  view.    That  no  higher  type  has  ever 
originated  through  an  advance  in  developmental  power,  may  be  safely 
asserted;  for,  although  various  instances  have  been  brought  foi-ward  to 
justify  the  assertion  that  such  is  possible,  yet  these  instances  enth-ely  fail 
to  establish  the  analogy  that  is  sought  to  he  drawn  from  them.t 

472.  The  developmental  power  which  each  germ  possesses,  under  the 

*  A  large  number  of  eases  of  this  kind  are  enumerated  by  M.  le  Dr.  Gros,  in  his  '  Note 
sur  la  Generation  Spontanee  et  I'Embryogenie  Ascendante,'  in  "Ann.  des  Sci.  Nat.," 
3*  Ser.,  Zool.,  Tom.  XVII.,  p.  193  ;  but  no  satisfactory  evidence  is  given  by  him  in  regard 
to  any  one  of  these. 

t  Thus  the  Author  of  the  "  Vestiges  of  the  Natural  History  of  Creation"  refers  to  the 
various  modifications  which  have  taken  place  in  our  cultivated  Plants  and  domesticated 
Animals,  in  proof  that  such  elevation  is  possible ;  quite  overlooking  the  fact  that  these 
external  influences  merely  modify  the  development,  without  elevating  it,  and  that  these 
races,  if  left  to  themselves,  speedily  revert  to  their  common  specific  type.  And  he  adduces 
the  phenomena  of  metamoi-phosis — the  transformation  of  the  worm-like  larva  into  an 
Insect,  and  of  a  fish-like  tadpole  into  a  Frog, — as  giving  some  analogical  sanction  to  the 
same  doctrine  ;  totally  overlooking  the  fact,  that  these  transformations  are  only  part  of  the 
ordinary  developmental  process,  by  which  the  complete  form  of  the  species  is  evolved, 
instead  of  being  transitions  from  the  perfected  type  of  one  class  to  the  perfected  type  of  one 
above  it.    So,  again,  he  quotes  the  transformation  of  the  worker-grub  of  the  Hive-Bee, 
into  the  fertile  Queen,  as  an  example  of  a  similar  advance ;  without  regarding  the  circum- 
stance that  the  worker  is  psijcMcalbj  higher  (according  to  human  ideas,  at  least, )  than  the 
queen,  whose  instincts  appear  limited  to  the  performance  of  her  sexual  functions ;  and 
that  the  utmost  which  the  fact  is  capable  of  proving  is,  that  the  same  germ  may  be  deve- 
loped into  two  different  forms,  according  to  the  circumstances  of  its  early  growth.  It  must 
always  be  borne  in  mind,  that  the  character  of  a  species,  to  be  complete,  should  include  all 
its  forms,  perfect  and  imperfect,  modified  and  unmodified ;  since  in  this  mode  alone  can 
that  'capacity  for  variation'  be  determined,  which  is  so  remarkable  a  feature  in  many 
cases,  and  which  specially  distinguishes  the  races  of  plants  and  animals  that  have 
been  subjected  to  human  influence.  In  no  instance  has  this  variation  tended  to  confuse  the 
limits  of  well-ascertained  species ;  it  has  merely  increased  our  acquaintance  with  the  number 
of  diversified  forms  into  which  similar  germs  may  develope  themselves. 
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concUtions  just  now  detaUed,  is  primarily  manifested  in  the  evolution  of 
the  '^erm  into  its  complete  specific  type,  in  the  maintenance  of  its  perfect 
form  and  Avithin  certain  Umits,  by  the  re2^roduction  of  pai-ts  that  have 
been' destroyed  by  injury  or  disease.  Whatever  may  be  the  vanety  of 
forms  which  any  organism  presents  at  different  phases  of  its  existence, 
these  always  occur  in  a  regular  series,  each  term  of  which  may  be  con- 
sidered as  preparatory  to  the  next.  In  most  instances,  the  earher  forms 
are  so  obviously  incomplete,  that  their  embryonic  nature  is  very  plain; 
and  the  specific  type  may  be  considered  to  be  represented  by  the  fimy- 
developed  organism,  in  which  the  process  of  evolution  culminates.  J3ut 
we  shall  meet  Avith  certain  cases,  in  which  the  earher  forms  have  so  many 
of  the  attributes  of  fully-developed  organisms,  that  their  incompleteness 
woidd  scarcely  be  suspected,  save  from  the  want  of  the  true  Generative 
apparatus,  which  is  usually  the  last  set  of  organs  to  be  evolved;  and  it  is 
impossible,  in  some  of  these, '  to  single-out  any  particular  phase  as  that 
wliich  shall  be  accounted  the  specific  tyi^e,  the  last  or  culminating  phase 
being  often  marked  by  the  deficiency  of  organs  of  great  importance, 
which  were  present  in  the  earlier  forms.  There  is  always  a  period, 
however,  at  which  the  developmental  power  may  be  said  to  be  expended; 
and  to  this  succeeds,  in  the  first  instance,  a  stage  wherein  the  condition 
last  attained  is  preserved  for  a  while,  after  which  degeneration  and  decay 
supervene. — The  reproduction  of  parts  that  have  been  lost  or  destroyed, 
as  Mr.  Paget  has  pointed-out,*  differs  from  the  ordinary  process  of 
nutrition  in  this,  that  '  in  grave  injuries  and  diseases,  the  parts  that 
might  serve  as  models  for  the  new  materials  to  be  assimilated-to,  or  as 
tissue-germs  to  develope  new  structures,  are  lost  or  spoiled ;  yet  the  effects 
of  such  injury  and  disease  are  recovered-from,  and  the  right  specific  form 
and  composition  are  retained;'  and,  again,  'that  the  reproduced  parts 
are  formed,  not  according  to  any  present  model,  but  according  to  the 
appropriate  specific  form,  and  often  with  a  more  strikingly-evident  design 
towards  that  form,  as  an  end  or  purpose,  than  we  can  discern  in  the 
natural  construction  of  the  body.'  In  the  reproduction  of  the  leg  of  a 
full-grown  Salamander  after  amputation,  which  was  observed  to  take 
place  by  Spallanzani,  it  is  clear  that  whilst  the  process  was  from  the  first 
of  a  nature  essentially  similar  to  that  by  which  its  original  development 
took  place,  it  tended  to  produce,  not  the  leg  of  a  larva,  but  that  of  an 
adult  animal.  Hence,  it  is  obvious  that,  through  the  whole  of  life,  the 
formative  processes  are  so  directed,  as  to  maintain  the  perfection  of  the 
organism,  by  keeping  it  up,  so  far  as  possible,  to  the  model  or  archety]3e 
that  is  proper  to  the  epoch  of  its  life  which  it  has  attained. 

473.  The  amount  of  this  Regenerating  power,  however,  varies  greatly 
in  different  classes  of  organized  beings,  and  at  different  stages  of  the 
existence  of  the  same  being ;  and,  as  Mr.  Paget  has  remarked  (loc.  cit.),  it 
seems  to  bear  an  inverse  ratio  to  the  degree  of  development  which  has 
previously  taken  place  in  each  case.  Thus  it  is  greatest  in  the  Yegetable 
kingdom,  and  in  the  Zoophytic  tribes  of  Animals  wliich  most  closely  cor- 
respond with  it  in  the  general  homogeneousness  of  their  structure  and  in 
the  vegetative  repetition  of  their  organs.  The  Hydra  and  Actinia  have 
been  especially  made  the  subjects  of  experiment;  and  by  the  subdivision 


*  "Lectures  ou  Surgical  Patliology,"  Vol.  I.,  p.  151. 
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SocwT^^T^  ^^^^^^^"^1  Of  tlie  former,  no  fewer  than  fifty  were 

pioduced.    In  this  as  probably  in  all  the  cases  in  which  new  indivirals 
have  been  obtained  by  artificial  subdivision,  there  is  some  nZral  ten 
dency  to  then- production  by  the  vegetative  process  of  gemmation  (S  534V 

tS'tieTT'  fr  r'/^"'^^  "^""^'^^^     ^'^^  curioriit; 

that  the  fiist  attempt  at  regeneration,  in  some  of  these  cases,  is  not 
always  complete;  but  that  successive  efi-orts  are  made,  each  of  wMch 
approximates  more  and  more  closely  to  the  perfect  type.  This  was  well 
seen  m  one  of  Sir  J.  G.  Dalyell's  experiments ;  for  he  obse^Id  tia 

naWl  fa?l  of  > '  f  ^      "  ^"^f  ^^^^^^  Zoophyte),  after  the 

natuial  fall  of  its  head,  an  imperfect  head  was  at  first  produced,  which 
soon  feU-ofi;  and  was  succeeded  by  another  more  folly  formed:  this  in  its 
turn  was  succeeded  by  another;  and  so  on,  untU  the  fifth  head  was 
produced  which  was  as  complete  as  the  original*     Of  the  reparative 
power  of  the  Acalephce,  nothing  whatever  is  known;  but  their  Zoophvtic 
relations,  and  the  tendency  which  many  of  them  exhibit  to  multiplv  bv 
gemmation,  make  it  almost  certain  that  they  must  possess  a  large  meiui4 
of  this  regenerative  capacity.     Notwithstanding  the  rank  wHch  the 
J^chmodermata  possess,  as  the  highest  among  Radiated  animals  yet  in 
point  of  development  they  still  rank  low ;  their  bodies  being  made-up  in 
a  great  degree  of  a  repetition  of  simHar  parts  (§  19).    Thus  among  Star- 
fishes we  find  that  one,  two,  or  more  of  the  'rays'  may  be  removed 
without  the  destruction  of  life,  and  that  they  are  gradually  regenerated  • 
this  not  taking  place,  however,  unless  the  central  disk  be  preserved! 
Certain  of  the  Holothuriada  occasionally  eject  the  entii-e  visceral  mass 
under  the  influence  of  alarm;  yet  they  continue  to  move-about  as  if 
nothing  had  happened;  and,  under  favoui-able  circumstances  (as  a^Dpears 
from  the  observations  of  Sir  J.  G.  Dalyell),  they  regenerate  the  whole  of 
the  digestive  and  generative  apparatus  thus  parted-with.t 
_  474.  Next  to  Zoophytes,  there  are  no  animals  in  which  the  regenera- 
tive power  is  known  to  be  so  strong,  as  it  is  in  the  lower  Articulata,  such 
as  the  Cestoid  and  Trematoid  Entozoa,  the  inferior  Annelida,  and  the 
Turhellaria  (of  which  the  Planarise  are  examples)  which  closely  approxi- 
mate to  the  latter  of  these  groups ;  and  here,  again,  we  seethatalowgradeof 
general  development  is  favourable  to  its  exercise,  and  that  the  spontaneous 
multiplication  which  occasionally  takes  place  in  these  animals  by  fission 
or  gemmation,  is  only  another  form  of  the  same  process.    In  the  higher 
forms  of  both  these  sub-kingdoms,  as  we  no  longer  meet  with  multiplica- 
tion by  gemmation,  so  do  we  find  that  the  reparative  power  is  much  more 
limited;  the  only  manifestation  of  it  among  the  fully-formed  Arachnida 
and  Crustacea  being  the  reproduction  of  limbs,  and  the  power  of  effecting 
even  this  being  usually  deficient  in  perfect  Insects.    The  enquiries  of  Mr. 
Newport,  however,  upon  the  reproductive  powers  of  Ilyriajwds  and 
Insects,  in  different  stages  of  their  development,!  confirm  the  general 
principle  already  stated ;  for  he  has  ascertained  that  in  their  larval  con- 
dition. Insects  can  usually  reproduce  limbs  or  antennae;  and  that  Myi*iapods, 

*  "Rare  and  Remarkable  Animals  of  Scotland,"  Vol.  I.,  p.  28. 
+  See  Prof.  E.  Forbes's  "British  Starfishes,"  p.  199;  and  Sir  J.  G.  Dalyell's  "Powers 
of  the  Creator  displayed  in  the  Creation,"  Vol.  I.,  chap.  i. 
t  "Philosophical  Transactions,"  1844. 


REPARATIVE  POWER  IN  DIFFERENT  ANIMALS. 


479 


whose  highest  development  scarcely  carries  them  beyond  the  larvae  of 
perfect  insects,  can  regenerate  limbs  or  antenna,  up  to  the  time  of  their 
last  moult,  when,  their  normal  development  being  completed,  the  regenera- 
tive power  seems  entirely  expended.    The  PhasmidcB  and  some  other 
Insects  of  the  order  Orthoptera  retain  a  similar  degi-ee  of  this  power  m 
their  perfect  state;  but  these  are  remarkable  for  the  similarity  of  their 
lai-val  and  imago  states,  the  latter  being  attained,  as  m  Arachnida,  by  a 
direct  course  of  development,  without  anything  that  can  be  called  a  '  me- 
tamorahosis.'— Little  is  known  of  the  regenerative  power  in  the  higher 
Mollusca;  but  it  has  been  affirmed  that  the  head  of  the  Snail  may  be  re- 
produced after  being  cut-off,  provided  the  cephalic  ganglion  be  not  injured, 
and  an  adequate  amount  of  heat  be  supplied.— In  Vertebrata,  again,  it  is 
observable  that  the  greatest  reparative  power  is  found  among  £atrachian 
Repliles,  whose  development  is  altogether  lower,  and  whose  life  is 
altogether  more  vegetative,  than  that  of  probably  any  other  group  in  this 
sub-kingdom.    In  Fishes  it  has  been  found  that  portions  of  the  fins, 
which  have  been  lost  by  disease  or  accident,  are  the  only  parts  that  are 
reproduced.    But  in  the  Salamander,  entire  new  legs,  with  perfect  bones, 
nerves,  muscles,  &c.,  are  reproduced  after  loss  or  severe  injury  of  the 
original  members ;  and  in  the  Triton  a  perfect  eye  has  been  formed,  in 
place  of  one  which  had  been  removed.    In  the  true  Lizards,  an  imperfect 
reproduction  of  the  tail  takes  place,  when  a  part  of  it  has  been  broken 
off;  but  the  newly-developed  portion  contains  no  perfect  vertebrte,  its 
centre  being  occupied  by  a  carfUaginous  column,  like  that  of  the  lowest 
Fishes. 

475.  In  the  warm-blooded  Yerfebrata  generally,  as  in  Man,  the  power 
of  true  reproduction  after  loss  or  injury  seems  limited,  as  Mr.  Paget  has 
pointed-out  (Op.  cit.,  p.  164),'to  three  classes  of  parts : — namely,  (1).  "Those 
which  are  formed  entirely  by  nutritive  repetition,  like  the  blood  and 
epithelia,  their  germs  being  continually  generated  de  novo  in  the  ordinary 
condition  of  the  body;  (2).  Those  which  are  of  lowest  organisation,  and 
(which  seems  of  more  importance)  of  lowest  chemical  character,  as  the 
gelatinous  tissues,  the  areolar  and  tendinous,  and  the  bones ;  (3).  Those 
which  are  inserted  in  other  tissues,  not  as  essential  to  their  structure, 
but  as  accessories,  as  connecting  or  incorporating  them  with  the  other 
structures  of  vegetative  or  animal  life,  such  as  nerve-fibres  and  blood- 
vessels. With  these  exceptions,  injiu-ies  or  losses  are  capable  of  no  more 
than  repair,  in  its  more  limited  sense;  i.  e.,  in  the  place  of  what  is  lost, 
some  lowly-organised  tissue  is  formed,  which  fills-up  the  breach,  and 
suffices  for  the  maintenance  of  a  less  perfect  life." — Yet,  restricted  as  this 
power  is,  its  operations  are  frequently  most  remarkable ;  and  are  in  no 
instance,  perhaps,  more  strikingly  displayed,  than  in  the  re-formation  of 
a  whole  bone  when  the  original  one  has  been  destroyed  by  disease.  The 
new  bony  matter  is  thrown  out,  sometimes  within,  and  sometimes  around, 
the  dead  shaft ;  and  when  the  latter  has  been  removed,  the  new  structure 
gradually  assumes  the  regular  form,  and  all  the  attachments  of  muscles, 
ligaments,  &c.,  become  as  complete  as  before.  A  much  greater  variety 
and  complexity  of  actions  are  involved  in  this  process,  than  in  the  repro- 
duction of  entire  organs  in  the  simpler  animals;  though  its  effects  do 
not  appear  so  striking.    It  would  seem  that  in  some  individuals  this  re- 
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generating  power  is  retained  to  a  greater  degi-ec  than  it  is  by  the  class  at 
large;  and  here  agam  we  find,  that  in  the  early  period  of  development 
the  power  is  more  strongly-exerted  than  in  the  adult  condition  The 
most  remarkable  pit)of  of  its  pei-sistence,  even  in  Man,  has  been  collected 
by  Frof.  Simpson  j  who  has  brought-together  numerous  cases,  in  which 
after  "  spontaneous  amputation  of  the  limbs  of  a  fffitus-in-utero,"  occur- 
ring at  an  early  period  of  gestation,  there  has  obviously  been  an  imperfect 
effort  at  the  re-formation  of  the  amputated  part  from  the  stump,  t  By  the 
knowledge  of  these  facts  and  principles,  we  seem  justified  in  the  conclusion, 
that  the  occurrence  of  supernumerary  or  multiple  parts,  even  when  it  ex- 
tends to  complete  duplicity  of  the  body,  is  not  due  (as  usually  supposed) 
to  the  '  fusion'  of  two  germs,  but  that  it  results  from  the  subdivision  of  one. 
And  that  such  is  really  the  case,  may  be  inferred  from  observations  recently 
made  upon  the  early  phases  of  development  of  '  double  monsters;'  fi-om 
which  it  appears  that  their  production  is  due  to  the  spontaneous  divari- 
cation of  the  embryonic  mass  into  two  halves,  at  a  grade  of  development 
which  may  be  considered  as  corresponding  (in  regard  to  the  homogeneity 
of  its  organisation)  with  the  Hydra  or  Planaria.j 

476.  There  are  many  tribes,  both  of  Plants  and  Animals,  in  which 
multiplication  is  effected  not  only  artificially  but  siwntaneously,  by  the 
separation  of  parts,  which,  though  developed  from  the  same  germ  in 
perfect  continuity  with  each  other,  are  capable  of  maintaining  an  inde- 
pendent existence,  and  which,  when  thus  separated,  commonly  take  rank 
as  distinct  individuals.  This  process,  which  is  obviously  to  be  regarded, 
no  less  than  the  preceding,  as  a  peculiar  manifestation  of  the  ordinary 
operations  of  Nutrition,  may  take  place  in  either  of  four  different  modes : 
— 1.  In  the  lowest  Cellular  Plants,  and  the  simplest  Protozoa,  every 
component  ceU  of  the  aggregate  mass  that  sj)rings  from  a  single  germ, 
is  capable  of  existing  independently  of  the  rest ;  and  thus  every  act  of 
growth  which  consists  in  the  multiplication  of  cells  (§  349),  makes  a 

*  One  of  tlie  most  curious  and  well-autlienticated  instances  of  this  kind  is  related  by 
Mr.  Wliite  in  Ms  work  on  the  "  Kegeneration  of  Animal  and  Vegetable  Substances,"  1785, 
p.  16.  "Some  years  ago,  I  delivered  a  lady  of  rank  of  a  fine  boy,  who  had  two  thumbs 
upon  one  hand,  or  rather,  a  thumb  double  from  the  first  joint,  the  outer  one  less  than  the 
other,  each  part  having  a  perfect  nail.  When  he  was  about  three  years  old,  I  was  desii-ed 
to  take  off  the  lesser  one,  which  I  did ;  but  to  my  great  astonishment  it  grew  again,  and 
along  with  it,  the  naU.  The  family  afterwards  went  to  reside  ia  London,  where  his  father 
showed  it  to  that  excellent  operator,  William  Bromfield,  Esq.,  surgeon  to  the  Queen's 
household ;  who  said,  he  supposed  Mr.  White,  being  afraid  of  damaging  the  joint,  had  not 
taken  it  wholly  out,  but  he  would  dissect  it  out  entirely,  and  then  it  would  not  return. 
He  accordingly  executed  the  plan  he  had  described,  with  great  dexterity,  and  turned  the 
ball  fairly  out  of  the  socket ;  notwithstanding  this,  it  grew  again,  and  a  fresh  nail  was 
formed,  and  the  thumb  remained  in  this  state." — The  Author  has  been  himself  assured 
by  a  most  intelligent  Surgeon,  that  he  was  cognizant  of  a  case  in  which  the  whole  of  one 
ramus  of  the  lower  jaw  had  been  lost  by  disease  in  a  young  girl,  yet  the  jaw  had  been  com- 
pletely regenerated,  and  teeth  were  developed  and  occupied  theu-  normal  situations  in  it. 

f  These  cases  were  brought  by  Prof.  Simpson,  before  the  Physiological  Section  of  the 
British  Association,  at  its  Meeting  in  Edinburgh,  Aug.,  1850.  The  Author,  having  had 
the  opportunity  of  examining  Prof.  Simpson's  preparations,  as  well  as  two  living  examples, 
is  perfectly  satisfied  as  to  the  fact. 

t  See  on  this  subject.  Prof.  Vrolik  in  "Brit,  and  For.  Med.  Rev.,"  Vol.  XII.,  p.  374, 
and  in  "  Cycl.  ofAnat.  and  Phys.,"  Vol.  IV.,  pp.  973-5;  Prof.  Allen  Thomson,  "Edinb. 
Monthly  Journal,"  June  and  July,  1844  ;  Prof.  Valentin  in  "  Comptes  Rendus  de  la  Societe 
de  Biologie,"  1852,  p.  99;  and  M.  Lebert  in  "Memoires  1  us  ii  la  Societe  de  Biologic," 
1862,  p.  203. 
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correspondiug  augmentation  in  tlie  number  of  (so-called)  individuals. — 
2.  In  many  organisms  of  a  somewhat  liiglier  type,  in  which  the  fabric  of 
each  complete  being  is  made  up  of  several  component  pai-ts,  we  find  the 
new  growths  to  be  complete  repetitions  of  that  from  which  they  are  put 
forth;  and  thus  the  composite  organism  presents  the  semblance  of  a 
collection  of  individuals  united  together,  so  that  nothing  is  needed  but 
the  severance  of  the  connection,  to  resolve  it  into  a  number  of  separate 
and  independent  beings,  each  perfect  in  itself  The  most  characteristic 
example  of  this  is  presented  by  the  Hydra  (§  534),  which  is  continually 
imiltiplying  itself  after  this  fashion;  for  the  buds  or  'gemmte'  which  it 
throws-ofi;  are  not  merely  structurally  btit  functionally  complete  (being 
capable  of  seizing  and  digesting  their  own  prey),  previously  to  their 
detachment  from  the  original  stock.— 3.  In  by  far  the  larger  proportion  of 
cases,  on  the  other  hand,  the  'gemma'  does  not  possess  the  complete 
structure  of  the  parent,  at  the  time  of  its  detachment,  but  is  endowed 
with  the  capacity  for  developing  whatever  may  be  deficient.  Thus,  the 
'zoospore'  of  an  Ulva  or  a  Conferva  (§  351)  is  nothing  else  than  a  young 
cell,  from  which  the  entire  organism  is  to  be  evolved  after  it  has  been 
set  free;  and  even  in  the  'bulbels'  of  the  Marchantia  (§  492),  the 
advance  is  very  little  greater.  The  '  bulbels'  of  certain  Phanerogamic 
plants,  on  the  other  hand,  bear  more  resemblance  to  ordinary  leaf-buds 
(§  508) ;  and  as  these,  whilst  possessing  the  rudiments  of  leaves,  have  no 
roots,  their  capacity  for  independent  existence  depends  on  their  power  of 
evolving  those  organs. — 4.  In  the  preceding  cases,  the  organism  which  is 
develo23ed  by  this  jarocess,  resembles  that  from  which  it  has  been  put-foi*th; 
but  there  are  many  cases  in  which  the  ofiset  difiers  in  a  marked  degree  from 
the  stock,  and  evolves  itself  into  such  a  dififerent  form,  that  the  two  would 
not  be  supposed  to  have  any  mutual  relation,  if  their  affinity  were  not 
proved  by  a  knowledge  of  their  history.  Sometimes  we  find  that  the 
new  being  thus  developed,  is  in  every  respect  as  complete  as  that 
from  which  it  proceeded,  though  presenting  a  different  type  of  struc- 
ture ;  but  in  other  instances  it  is  made-up  of  little  else  than  a  genera- 
tive apparatus,  provided  with  locomotive  instruments  to  carry  it  to  a 
distance,  its  nutritive  apparatus  being  very  imperfect.  Of  the  first  plan, 
we  have  an  example  in  the  development  of  Meduste  from  the  Hydroid 
Polypes  (§§  538 — 544);  and  of  the  second,  in  the  peculiar  subdivision  of 
certain  Annelida,  hereafter  to  be  described  (§  576). — Now  it  is  obvious  that 
in  this  process,  no  agency  is  brought  into  play,  that  differs  in  any  essential 
in  mode  from  that  which  is  concerned  in  the  ordinary  nutritive  opera- 
tion. The  multiplication  of  independent  beings  is  performed  exactly, 
after  the  same  fashion  as  the  extension  of  the  original  stock ;  and  the 
very  same  parts  may  be  regarded  as  organs  belonging  to  it,  or  (in  ordi- 
nary phraseology)  as  new  individuals,  according  to  their  stage  of  develop- 
ment, and  the  relation  of  dependence  which  they  still  hold  to  it.  The 
essence  of  this  operation  is  the  multiplication  of  cells  hy  continual  suhdivi' 
sion  (§  349). 

477.  We  have  now,  on  the  other  hand,  to  enquire  into  the  nature  of 
the  time  Generative  process,  by  which  the  original  germ  is  endowed  with 
its  developmental  capacity;  and  this  we  shall  find  to  be  of  a  character 
precisely  the  opposite  of  the  preceding.  For,  under  whatever  circum- 
stances the  generative  jirocess  is  performed,  it  appears  essentially  to 
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consist  in  the  reunion  of  the  contents  of  two  cells,'''  of  which  the  germ, 
which  is  the  real  commencement  of  a  '  new  generation,'  is  the  result. 
This  process  is  performed  under  the  three  following  conditions — 1.  Any  of 
the  cells  of  the  entire  aggregate  produced  by  the  previous  subdivision, 
may  be  capable  of  tluis  uniting  with  each  other  indiscriminately  ;  there 
being  no  indication  of  any  sexual  distinction.  This  is  what  we  see  in  the 
simplest  Cellular  plants  (§  481). — 2.  Any  of  the  component  cells  of  each 
organism  may,  in  like  manner,  pair  with  other  cells,  to  produce  fertile 
germs ;  but  there  are  diflferences  in  the  shares  which  they  respectively 
take  in  the  process,  which  indicate  that  their  endowments  are  not  pre- 
cisely similar,  and  that  a  sexual  distinction  exists  between  them,  notwith- 
standing that  this  is  not  indicated  by  any  obviovis  structural  character. 
This  condition  is  seen  in  the  Zygnema  and  its  allies  (§  483). — 3.  The 
generative  power  is  restricted  to  certain  cells,  which  are  set-apart  from 
the  rest  of  the  fabric,  and  destined  to  this  piu'pose  alone;  and  the 
endowments  of  the  two  sets  are  so  far  different,  that  the  one  furnishes 
the  germ,  whilst  the  other  supplies  the  fertilizing  influence ;  whence  the 
one  set  have  been  appropriately  designated  'germ-cells,'  and  the  other 
'  sperm-cells.'  Such  is  the  case  in  all  but  those  lowest  Plants  which  have 
not  a  specialized  generative  apparatus  ;  and  also  throughout  the  Animal 
kingdom. 

478.  Th\is,  then,  in  the  entire  process  in  which  a  new  being  originates, 
possessing  like  structure  and  endowments  with  its  parent,  two  distinct 
classes  of  actions  participate, — namely,  the  act  of  Generation,  by  which 
the  germ  is  produced, — and  the  act  of  Development,  by  which  that  germ 
is  evolved  into  the  complete  organism.  The  former  is  an  oj)eration 
altogether  sui  generis  ;  the  latter  is  only  a  peculiar  modification  of  the 
Nutritive  function ;  yet  it  may  give  origin,  as  we  have  seen,  to  numerous 
independent  offsets,  by  the  separation  (natural  or  artificial)  of  the 
parts  which  are  capable  of  existing  as  such.  N"ow  between  these  two 
operations  there  would  seem  to  be  a  kind  of  antagonism.  Whilst  every 
act  of  Development  tends  to  diminish  the  '  germinal  capacity,'  the  act  of 
Generation  renews  it ;  and  thus  the  tree  which  has  continued  to  extend 
itself  by  budding  until  its  vital  energy  is  well-nigh  spent,  may  develope 
flowers,  and  mature  seeds,  from  which  a  vigorous  progeny  shall  spring-up. 
But  multiplication  does  not  directly  depend  upon  the  act  of  generation 
alone ;  it  may  be  accomplished  by  the  detachment  of  gemnice,  whose  pro- 
duction is  a  simple  act  of  development;  and  the  independent  beings  thus 
j)roduced  are  sometimes  similar,  sometimes  dissimilar,  to  those  from  which 
they  sprang.  When  they  are  dissimilar,  however,  the  original  type  is 
always  reproduced  by  an  intervening  act  of  generation ;  and  tlie  imme- 
diate products  of  the  true  generative  act  always  resemble  one  a^wther. 
Hence  the  phrase  'alternation  of  generations'  can  only  be  legitimately 
employed,  when  the  term  generation  is  used  to  designate  a  succession  of 
(so-called)  individuals,  by  whatever  process  they  have  originated;  an  appli- 
cation of  it  which  cannot  but  lead  to  a  complete  obliteration  of  the  essential 
distinction  which  the  attemj^t  has  been  here  made  to  draw,  between  the 
Generative  act  and  the  Developmental  act  of  gemmation.     For  when  it 

*  In  very  rare  instances,  it  is  the  reunion  of  tlie  two  parts  of  the  contents  of  the  same 
cell,  which  liacl  previously  tended  to  separate  from  each  other,  as  if  in  the  process  of  sub- 
division (§  482). 


GENERATION  AND  DEVELOPMENT  IN  PLANTS. 


483 


is  said  that  'generation  A  produces  generation  B,  which  is  dissimilar  to 
itself,  wlulst  generation  B  produces  generation  c,  which  is  dissimilar  to 
itself;  but  which  returns  to  the  form  of  generation  A,'  *  it  is  entirely  left 
out  of  consideration,  that  generation  A  produces  (the  so-called)  genera- 
tion B  by  a  process  of  gemmation;  whilst  the  process  by  wliich  genera- 
tion B  produces  generation  C,  is  one  of  true  generation.    So  generation  c, 
by  gemmation,  developes  D,  which  resembles  B;  and  D,   by  a  true 
generative  act,  produces  E,  which  resembles  A  and  c.    This  distinction, 
although  it  may  at  first  sight  appear  merely  verbal,  will  yet  be  found  of 
fimdamental  importance  in  the  appreciation  of  the  true  relations  of  these 
processes,  and  of  their  resulting  products. — So,  in  the_  Author's  opinion, 
the  application  of  the  term  'a  generation'  to  the  entire  product  of  the 
development  of  any  germ  origiaating  in  a  generative  act,  whether  that 
product  consist  of  a  single  individual,  or  of  a  succession,  will  be  found 
much  more  appropriate,  and  more  conducive  to  the  end  in  view,  than 
the  indiscriminate  application  of  it  to  each  succession,  whether  produced 
by  gemmation  or  by  sexual  reunion.     It  is  of  great  importance  to  the 
due  compi-ehension  of  certain  phenomena  of  Reproduction,  which  will 
come  under  consideration  in  the  Animal  kingdom,  that  the  relations 
of  the  products  of  these  two  processes  should  be  rightly  ajDpreciated ; 
and  tliis  appreciation  of  them  will,  it  is  believed,  be  best  gained  by  a 
careful  enquiry  into  the  phenomena  of  Reproduction  in  the  Vegetable 
kingdom. 

2.  Generation  and  Development  in  Plants. 

479.  Oiu"  knowledge  of  the  reproductive  process  in  the  Vegetable 
Kingdom  has  of  late  been  greatly  extended  by  Microscopic  research;  and 
although  it  is  not  possible  at  present  to  give  a  complete  sketch,  much  less 
a  full  account,  of  the  mode  in  which  it  is  performed  in  all  the  principal 
gi'oups  of  Plants,  still  enough  has  been  ascertained  in  some  of  the  most 
important,  to  make  it  probable  that  the  general  doctrines  founded  upon 
the  phenomena  which  they  present,  may  be  applied  to  those  whose  history 
has  been  less  completely  studied.  It  may  be  stated  as  a  certainty,  that 
the  true  Generative  act  is  not  confined,  as  was  long  supposed  by  most 
Physiologists,  to  the  Fhanerogamia  or  Flowering  Plants  j  but  that  it  is 
performed  by  so  many  of  the  Cryptogamia,  that  its  universality  can 
scarcely  be  a  matter  of  legitimate  doubt.  So  far  as  our  present  know- 
ledge extends,  this  generative  act  may  be  performed  in  three  distinct  modes, 
each  of  which  is  peculiar  to  a  certain  assemblage  of  Plants. — The^si!  of 
these  is  the  'conjugation'  of  two  apparently  simi^ftr  ceUs,and  the  admixture 

*  Such,  is  the  doctrine  propotmded  in  the  highly  original  and  ingenious  work  of  Prof. 
Steenstnip  on  the  "Alternation  of  Generations,"  a  translation  of  which  has  been  published 
by  the  Eay  Society.— The  Author  feels  satisfied,  from  careful  and  repeated  consideration 
of  the  phenomena  on  which  this  doctrine  is  founded,  that  it  cannot  be  accepted  in  its 
original  form,  and  that  it  requires  to  be  modified  in  the  manner  indicated  in  the  text.  His 
reasons  for  this  modification,  and  likewise  for  his  dissent  from  the  hypothesis  put  forth  by 
Ins  friend  Prof.  Owen  in  his  treatise  on  "  Parthenogenesis,"  will  be  found  in  the  "Brit, 
and  For.  Med.-Chir.  Eev."  vol.  i.  p.  183,  and  vol.  iv.  p.  436.  It  has  been  with  the 
greatest  satisfaction  that  he  has  found  his  views  on  this  subject  fully  participated-in  by 
his  friend  Mr.  T.  H.  Huxley,  who  has  adduced  various  important  considerations  in  their 
support,  in  his  Memoir  'On  the  Anatomy  of  Salpa  and  Pyrosoma,'  "Philos.  Transact  " 
1851,  pp5|  6—579;  see  also  the  outline  of  his  Lecture  'On  Animal  IndividuaHty'  in 

Ann.  of  Nat,  Hist."  2nd  Ser.  Vol.  IX.,  p.  505. 
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of  their  contents,  whereby  a  new  body,  the  '  primordial  embryo-cell',  is 
produced ;  a  method  which  seems  peculiar  to  the  Protophyla.  This  con- 
jugation, however,  may  occur  in  one  of  three  distinct  modes  (Fig.  191,  a). 

Fig.  191. 


A  B 


Diagram  represeuting  the  three  principal  forms  of  the  Generative  Process  in  Plants : — A,  con- 
jugation of  ini'erior  Cryptogamia;  formation  of  the  embryo-cell,  b,  by  admixture  of  the  dis- 
charged endochromes  of  the  parent-cells,  a,  a;  2,  production  of  the  embryo-cell,  i,  within  a 
dilatation  formed  by  the  vinion  of  the  two  parent-cells;  3,  production  of  the  embryo-cell,  b,  by 
the  passage  of  the  eudochrome  of  cell  a  into  that  of  cell  a*,  marking-out  a  sexual  difference. — 
B,  fertilization  of  germ  in  higher  Cryptogamia;  a,  sperm-cell  discharging  its  spiral  filament, 
a*,  germ-ceU,  against  which  one  of  these  filaments  is  impinging;  b,  embryo-cell  produced  by  their 
contact. — c,  fertilization  of  germ  in  Phanerogamia ;  a,  sperm-ceU,  or  poUen-grain,  sending  its 
prolonged  tube  down  the  style,  untU  it  reaches  a*  the  germ-cell,  inclosed  in  the  ovule,  the 
section  of  whose  coats  is  shown  at  c  ;  from  the  contact  of  the  two  is  produced  the  embryo-cell  b. 


Both  the  cells  (1,  a,  a)  may  rupture  and  discharge  their  contents;  and 
aroimd  the  mass  (6)  formed  by  their  intermixtm^e,  the  cell-wall,  by 
which  it  is  constituted  the  '  embryo-cell,'  is  developed.  The  union  of 
the  contents  of  the  conjugating  cells  may  take  place,  on  the  other  hand, 
without  their  external  discharge,  by  the  establishment  of  a  direct  passage 
between  them ;  and  the  intermixture  may  occur,  either  within  the  con- 
necting channel  (2),  or  in  one  of  the  cells  of  the  pair  (3),  the  new  cell- 
wall  being  formed,  as  before,  around  the  blended  mass.  In  this  last 
form,  the  *  embryo-cell'  being  developed  within  one  of  the  conjugating 
cells,  the  distinction  between  '  sperm-cells'  and  '  germ-cells'  is  apparently 
foreshadowed. — In  the  second  case,  the  generative  act  is  effected  by  the 
ao-ency  of  cells  which  are  manifestly  dissimilar  in  their  endowments;  for 
the  one  set  develope  within  themselves  certain  moving  filaments,  that 
convey  their  influence  to  the  cells  of  the  other  set,  within  which  last  the 
'  embryo-ceir  originates ;  so  that  the  distinction  between  '  sperm-cells' 
and  'germ-cells'  is  here  characteristically  shown  (Fig.  191,  b).^  This  is 
the  mode  in  which  the  generative  act  seems  to  be  performed  in  all  the 
Cryptogamia  save  the  Protophytes;  the  embryo-cell  being  at  once 
thrown  upon  the  world  in  the  inferior  groups,  and  being  dependent  for 
its  supply  of  food  upon  its  own  absorbing  and  assimilating  powers;  whilst 
in  the  superior,  it  is  supplied  for  a  time  vnth  nutriment  prepared  and 
imparted  to  it  by  its  parent.— In  the  tJiird  form  of  the  generative  process 
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Fig.  192. 


(Ficr  191  c)  which  is  peculiar  to  Phanerogamia,  there  is  the  same  dis- 
tinction between  '  sperm-cells'  and  '  germ-cells/  but  the  mode  in  which 
the  action  of  the  former  upon  the  latter  is  brought-about  is  clifFerent; 
forthe 'sperm-ceir(a)  does  not  evolve  self-moving  filaments  but  puts 
forth  loni  tubes,  which  extend  themselves  until  they  reach  the  germ- 
cell'  (a*),  and  thus  convey  to  it  the  fertHizing  influence  Moreover  the 
aerm,  which  takes  its  origin  from  the  'embryo-cell  developed  withm 
the'  germ-celV  is  supplied  with  nutriment  by  its  parent,  not  merely 
whilst  it  remains  in  coimection  with  the  organism  which  evolved  it,  but 
for  some  time  subsequently;  its  continued  growth  being  provided-for  by 
the  store  laid-up  aroimd  it  in  the  seed;  and  it  being  at  the  expense  of  the 
materials  which  it  thence  obtains,  that  the  germ  is  enabled  to  deveiope 
and  put-forth  the  first  of  those  organs,  which  are  subsequently  to  act  as 
its  own  instruments  of  absorption  and  assimilation.— Each  of  these  pro- 
cesses will  now  be  described  in  more  detail. 

480.  It  is  among  the  lowest  tribes  of  Plants,  that  we  see  the  closest 
relation  between  the  functions  of  Nutrition  and  Keproduction.    For  we 
do  not  here  find,  as  in  the  higher  Plants,  that  the  development  of  distinct 
orgam  is  requisite,  to  enable  the  descendants  of  the  original  germ-cell  to 
exist  independently  of  each  other;  since  this  power  is  possessed  by  every 
one  of  the  cells  that  are  produced  by  its  fission  (§  349),  so  that  they  have 
the  same  title  to  be  accounted  independent  existences,  as  have  the  leaf- 
buds  of  the  Flowering-plant.  Thus, 
a  frond  of  the  Coccochloris  cystifera, 
one  of  the  simple  Alg£e  belonging 
to  the  family  Palinellece,  presents  us 
with  a  mass  of  independent  cells, 
held  together  by  a  common  mucous 
investment  (Fig.  192);  and  Lu  such 
a  mass  we  usually  find  cells  in  various 
stages  of  development.    At  a  is  seen 
a  simple  globular  cell,  surrounded  by 
a  well-defined  mucous  envelope :  at  b 
are  cells  which  present  an  elongated 
form,  and  are  evidently  about  to  un- 
dergo subdivision :  at  c  we  observe  a 
pair  of  cells,  whose  separation  has 
apparently  been  recent,  as  they  are 
still  surroimded  by  the  same  mucous 
envelope :  at  d  we  have  a  group  of  three  cells,  each  having  its  own  mucous 
envelope,  but  all  of  them  still  held-together  by  the  original  investment ; 
the  two  smaller  of  these  cells  are  obviously  produced  by  a  secondary  sub- 
division of  one  of  the  first  pair;  whilst  the  other  shows  by  its  elongated 
form  that  it  is  about  to  subdivide :  and  at  e  is  a  group  of  small  cells  formed 
by  a  continuance  of  the  same  subdividing  process,  each  of  them  subse- 
quently increasing  in  size,  acquiring  a  mucous  envelope  of  its  own  (as  at  a), 
and  ia  its  turn  going  through  the  same  series  of  changes.  And  as  this  will 
take  place  equally,  whether  tlie  cell  be  detached  from  the  general  mass, 
or  remain  as  a  component  part  of  it,  it  must  be  accounted  a  distinct 
'  individual,'  in  the  ordinary  acceptation  of  that  term.    But  as  it  will  be 
shown  hereafter,  that  the  entire  mass  of  independent  cells  thus  generated  is 


Multiplication  of  Coccochloris  cystifera  by  sub- 
division of  cells;  a,  h,  c,  d,  e,  varioxis  stages  of 
development. 
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the  homological  equivalent  of  the  ainglc  einbiyo  of  a  Phanerogamic  iilant 
the  component  cells  of  which  are  mutually  dependent,  the  term  '  indi- 
vidual' cannot  be  legitimately  applied  to  both  alike;  and  it  will  be  found 
convenient,  therefore,  to  distinguish  the  independent  beings  wliich  are 
thus  related  as  the  products  of  a  single  generative  act,  by  the  appellation 
of  '  phytoids'  (see  §  51G.)— To  what  extent  this  method  of  multiplication 
may  proceed,  has  not  been  ascertained.  There  is  reason  to  think  that 
there  is  a  limit  to  its  performance,  since  we  find  it  giving  place,  at  a 
certain  period  of  the  year,  to  the  converse  process ;  namely,  the'  true 
Generative  act.  But  upon  the  principle  already  laid  down,  we  should 
expect  that  it  may  be  carried-on  to  a  vast  extent,  under  favourable  cir- 
cumstances; since  there  is  here  no  advance  upon  the  very  simplest 
condition  of  an  organised  structure,  and  consequently  but  little  exhaustion 
of  the  'germinal  capacity'  (§  469). 

481.  As  amongst  the  independent  cells  of  which  the  simplest  Algfe 
are  composed,  each  seems  capable  of  going  through  the  whole  series  of 
Nutritive  operations /or  and  63/ itself,  so  there  is  no  perceptible  difierence 
in  their  endowments  as  regards  the  Generative  act ;  the  process  of  '  con- 
jugation' appearing  to  take  place  indifferently  amongst  any  pair  of  them. 
As  examples  of  this  process,  two  instances  will  be  first  selected  from  the 
families  oi  Desmidece  and  Diatomacece ;  in  which  its  occiu-rence  is  a  fact 
of  peculiar  interest,  as  tending  to  show  their  close  alliance  to  the  simpler 
Algfe,  from  which  they  have  been  separated  by  Prof  Ehrenberg  and 

other  naturalists,  who  have  consi- 


FiG.  193. 

A 


dered  them  deserving  of  a  j)lace  in 
the  Animal  kingdom. — The  Desmi- 
decu  are  characterised  by  the  peculiar 
structure  of  their  cells ;  for  the  wall 
of  each  consists  of  two  distinct  and 
symmetrical  valves,  united  to  each 
other  by  a  transverse  suture ;  and  the 
endochi'ome  shows  a  tendency  to 
separation  into  two  equal  halves  at 
the  same  part.  In  some  instances 
there  is  a  constriction  at  the  suture, 
so  that  the  two  portions  of  the  cell  are 
connected  only  by  a  narrow  neck,  as 
in  Euastrum  (Pig.  193  a);  but  in 
other  cases,  as  in  Glosteriuvi,  the 
median  portion  traversed  by  the  su- 
ture is  the  broadest  part  of  the  cell. 
The  plants  of  this  family  are  gene- 
rally met-with  in  the  condition  of 
detached  cells  or  'fronds;'  but  in 
some  instances,  these  are  associated 
into  confervoid  filaments;  the  dif- 
fei'ence  simjjly  aiising  from  the  conti- 
nuance, in  the  latter  case,  of  that  con- 
nection between  the  cells  that  have 
been  multij)lied  by  subdivision,  which  is  broken  in  the  former  by  then- 
separation.  The  first  stage  in  the  conjugating  process  is  tlie  ajiproximation 


Euastrum  ohlongum: — a,  single  frond; — b,  two 
fronds  in  conjugation,  showing  the  spore  iu  the 
centre  between  the  f'om"  emptied  valves. 
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of  two  cells,  in  whose  contained  gi-anules  an  active  movement  is  often 
seen  at  the  same  time.    Each  of  the  two  ce  Is  then  gives  way  at  the 
plane  of  its  transverse  division  (b),  and  the  four  halves  discharge  then- 
contained  'endochromes'  into  the  central  space,  so  that  those  of  the  two 
cells  are  thus  completely  incorporated.    At  first  the  new  masses  merely 
siuTounded  by  the  mucous  envelope,  and  has  no  definite  shape ;  but  it  soon 
becomes  invested  by  a  distinct  cell-wall,  wliicli  presents  a  regular  form, 
usually  globular  or  spheroidal;  and  this  cell-wall,  wliich  is  generally  very 
firm,  is  often  fiu-nished  with  curious  prolongations  which  give  it  a  hispid 
surface  (as  seen  at  b),  these  being  sometimes  very  long,  and  furnished 
with  hooks  at  their  extremities.    The  new  body  thus  formed  is  properly 
the  'primordial  cell'  of  the  embryo;*  and  it  origmates  a  new  generation 
by  the  orcUnary  process  of  subcHvision,  the  firm  outer  case  first  giving 
way  to  allow  of  the  expansion  of  its  contents,  around  which  a  new  and 
more  deHcate  cell-wall  has  been  previously  developed.  It  has  been  remarked 
that  the  spores  of  the  Desmideaj  (wHch  are  for  the  most  part  inhabitants 
of  small  coUections  of  fresh  water,  that  are  liable  to  be  dried-np  by  the 
heat  of  summer,)  are  most  abundant  in  spring;  so  that  it  may  be  sur- 
mised that  they  are  not  killed  by  desiccation,  like  the  growing  fronds, 
bnt  are  enabled  to  regenerate  the  race  after  the  period  of  drought  has 
passed  away. — The  mode  in  wMch  the  conjugation  and  development  of 
the  spores  take  place  in  the  entire  family  of  Besmidece,  is  essentially  the 
same;  and  even  where  the  cells  that  have  been  multiplied  by  subdivision 
remain  in  continuity  with  each  other,  so  as  to  form  a  filament,  they 
dissociate  themselves  before  the  conjugation  takes  place.  Sometimes 
it  is  observable,  that  instead  of  the  complete  separation  of  the  two 
halves  of  each  cell  in  the  act  of  conjugation,  they  only  partially  open 
for  the  discharge  of  the  endochrome ;  and  in  some  of  the  higher  forms  of 
this  family,  we  find  the  mixture  to  take  place  in  one  of  the  conjugating 
cells,  within  which  the  spore  is  developed.    This  happens  especially  in 
the  genus  Desmidium,  which  approaches  closely  to  the  conjugating  Con- 
fervse.t 

482.  In  the  family  Diatomacece,  the  membranous  envelope  of  each  cell 
is  covered  by  a  siliceous  incrustation,  which  usually  presents  very  beau- 
tiful and  regular  markings;  and  this  hai-d  'shell'  is  composed  of  two 
'  valves,'  which  are  divided  longitudinally,  and  are  capable  of  being  sepa- 
rated from  each  other.  Like  the  plants  of  the  preceding  family,  the  cells 
may  occur  either  singly  (Fig.  194,  A,  b),  or  in  connection  with  each  other; 
in  the  first  case  they  are  known  as  '  frustules ;'  in  the  second  they  form 
bands  or  filaments  composed  of  several  cells  adherent  by  their  long  sides, 
which  cells  have  all  been  produced  by  subdivision  from  a  single  one, 
and  have  not  become  detached  from  each  other.  When  two  frustules 
(as  in  JSunotia  tv/rgida)  are  about  to  enter  into  conjugation,  they  move 
towards  each  other,  and  come  into  close  approximation  by  their  con- 
cave edges  (c);  the  valves  of  each  frustule  separate  from  each  other  (d), 
and  the  inner  membrane  forms  two  protuberances,  which  meet  two 

*  This  body  is  commonly  termed  the  '  sporangium ;'  but  the  author  agrees  with  his 
friend  the  Rev.  W.  Smith,  in  considering  that  where  only  a  single  cell  is  formed  as  the 
immediate  product  of  the  conjugating  act,  this  has  no  just  claim  to  the  title.  (See 
"Transact,  of  Microsc.  Soc,"  2nd  Ser.,  Vol.  I.,  p.  68). 

+  See  Mr.  Ralfs's  admirable  Monograph  on  the  "British  Desmidere." 
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Fig.  194. 


B 


similar  ones  of  the  other  frustule.  These  protuberances  soon  give  way 
and  the  enclochromes  of  the  two  frustules  discharge  themselves  and 

mingle,  not,  how- 
ever, into  one 
mass,  but  into 
two;  these  masses 
are  at  first  irre- 
gular in  shape; 
but  they  shortly- 
become  covered 
with  a  smooth 
membrane,  and 
possess  a  symme- 
trical elongated 
form  (e,  p),  which 
presents  some  re- 
semblance to  that 
of  the  parent 
frustule.  These 
spore-cells  conti- 
nue to  increase 
in  length  (g),  and 
at  last  they  ac- 
quire the  trans- 
verse markings  of 
the  parent  frus- 
tules, which  they 
greatly  exceed  in 
dimensions  (h). 
These  large  em- 
biyonic  frustides 
seem  to  give  origin 
to  a  new  brood, 
by  the  ordinary 
fissiparous  multi- 
plication; and  it 
may  be  conjec- 
tured that  this 
process  cannot 
take  place  inde- 
finitely, but  that 
the  race  would  die 
out,  were  it  not 
for  the  renewal 

Conjugation  of  Umiotia  turaida: — a,  single  frustule;  B,  side  view  of  the  of  the  powerS  of 
same;  o,  two  frustules  with  their  concave  surfaces  in  close  apposition;  D,  ,  .  i  i  xi  j. 
front  view  of  the  same,  shovring  the  separation  of  each  frustule  longitudinally   grOWtn  Dy  tne  aCt 

into  two  halves;  E  and  p,  side  and  front  views  after  the  foi'mation  of  the   of  COniufation  

embryo-cells;  G,  the  embryonic  frustules  more  advanced,  exceeding  the    -i-  -iP j 

parent-frustules  in  size;  n,  completion  of  the  embryonic  frustules.  i-HtllQ  JileloseiTeCBy 

which  constitute 

a  filamentous  tribe  of  Diatomacese,  there  is  a  curious  departure  from 
the  ordinary  type ;  for  no  conjugation  can  be  here  seen  to  occiu"  between 
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Development  of  spores,  or  primordial  embryo-oeUs,  in  Aulacoseira  ct-emc- 
lata: — 1,  simple  filament,  2,  iuament  developing  spores ;  a,  b,  e,  successive 
stages  in  the  formation  of  spores; — 3,  embryonic  frustvdes,  a,b,e,  in  suc- 
cessive stages  of  multiplication. 


two  distinct  frustules;  but  a  disturbance  of  a  somewhat  equivalent  nature 
takes  place  in  the  endochrome  of  a  single  frustule,  its  particles  moving 
from  the  extre- 
mities towards  Pi<*-  l^^- 
the  centre,  rapid- 
ly increasing  in 
quantity,  and  ag- 
gregating into  a 
mass, round  which 
a  new  envelope 
is  developed,  so 
that  it  becomes  a 
'  primordial-cell ' 
resembling  that 
of  other  plants  of 
itskind(Fig.l95). 
At  first  sight, 
this  might  seem 
an  exception  to 
the  general  rule 
of  the  reunion  of 

the  contents  of  two  cells ;  but  it  is  more  so  in  appearance  than  in  reality. 
For  in  some  of  the  group  of  Gonjiigatece,  whose  conjugation  will  be  pre- 
sently described  (§  483),  the  union  of  endochromes  takes  place,  not  between 
the  cells  of  distinct  filaments,  but  between  two  contiguoiis  cells  of  the 
same  filament;  and  as  these  two  cells  formed  part  of  one  and  the  same 
cell  previously  to  their  separation  by  its  subdivision,  it  is  obvious  that 
the  reunion  of  the  two  halves  of  the  endochrome  in  the  Meloseirese  is 
only  the  performance  of  the  same  process  at  an  earlier  period.  The  spore 
thus  formed  is  gradually  developed  into  a  filament  resembling  that  of 
the  parent,  by  progressive  fissiparous  multiplication  (Fig.  195,  3,  a,  h,  c).* 
483.  The  process  of  '  conjugation '  has  now  been  seen  to  occur  in  so 
many  species  of  the  family  of  PalmellecB,  which  includes  the  uni-cellular 
forms  of  the  ordinary  Algse  (such  as  the  Hcematococcus,  Fig.  162,  the  Pro- 
tococcus,  to  which  the  'red  snow'  belongs,  the  CoccocMoris,  Fig.  192,  the 
Pahnella,  of  which  one  species  is  known  as  the  '  gory  dew,'  and  many 
others),  that  it  may  be  regarded  as  a  part  of  the  regular  series  of  vital 
actions  in  every  member  of  that  group. — It  is,  however,  in  the  Zygnema 
and  its  allies,  constituting  the  family  of  Conjugatece,  that  this  phenomenon 
has  been  longest  knoAvn  and  most  attentively  studied.  All  these  plants 
are  filamentous ;  that  is,  the  process  of  subdivision  always  takes  place  in 
the  same  direction,  and  the  cells  thus  produced  remain  in  continuity  with 
each  other;  so  that,  from  a  single  cell,  a  long  filament  is  evolved  (Fig. 
196,  a).  Still  the  component  cells  of  this  filament  for  the  most  part 
retain  their  common  relation  to  the  generative  as  well  as  to  the  nutritive 
function,  so  that  they  may  all  take  a  share  in  the  conjugating  process : 
the  only  exception  to  this  yet  noticed,  being  in  the  case  of  two  species  of 
Zygnerrui,  in  which  the  alternate  cells  alone  conjugate.t    The  conjuo'a- 


See  Mr  Thwaitess  valuable  Memoirs  'On  the  Conjugation  of  the  Diatomacea, 
Ann.  of  Nat.  Hist.,"  Vol.  XX.,  and  2nd  Ser.,  Vol.  I.  ' 
t  See  Dr.  Hassall's  "British  Fresh-water  AlgiB,"  p.  139. 
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tion  orcUnarily  takes  jilace  between  tlie  cells  of  distinct  filaments;  these 
aj)proxnnate  each  other,  and  put-forth  little  protub  erances  that  coalesce 
and  establish  a  free  passage  between  the  cavities  of  the  cells,  whose  con- 
tents then  interniiugle  (b).    In  the  true  Zygnema,  the  endochi-ome  of  one 

Fio.  196. 


Various  stages  in  the  Generation  of  Zi/gnema  quininitm : — a,  three  cells  n,  6,  e,  of  a  young  fila- 
ment, of  which  b  is  undergoing  subdivision;  u,  two  filaments  in  the  first  stage  of  conjugation, 
showing  the  spiral  disposition  of  their  endoohromes,  and  the  protuberances  from  the  conjugat- 
ing cefis ;  0,  completion  of  the  act  of  conjugation,  the  endoehromes  of  the  cells  of  the  filament  a 
having  entirely  passed  over  to  those  of  filament  h,  in  which  the  spores  are  fonned. 

cell  passes-over  entirely  into  the  cavity  of  the  other ;  and  it  is  within  the 
latter  that  the  embryo-cells  are  formed  (c).  Further,  it  may  generally 
be  observed  that  all  the  cells  of  one  filament  thus  empty  themselves, 
whilst  all  the  cells  of  the  other  filament  become  the  recipients :  here, 
therefore,  we  seem  to  have  a  foreshadowing  of  the  sexual  distinction  of 
the  generative  cells,  which  manifests  itself  more  fully  in  the  higher 
organisms.*  In  the  genus  Mesocarpus,  however,  and  some  other  Con- 
jugatefe,  the  two  cells  poiu-  their  endoehromes  into  a  dilatation  of  the 
passage  that  has  been  formed  between  them;  and  it  is  there  that  the  spore 
is  formed. — There  are  several  tribes  of  the  family  Conjugatese,  in  which 
the  conjugation  takes  place  between  the  adjacent  cells  of  the  same  fila- 
ment ;  each  cell  of  the  conjugating  pair  putting-forth  a  conical  protuber- 
ance near  the  septum,  and  the  two  protuberances  uniting,  so  as  to  permit 
the  mixture  of  endoehromes,  as  in  other  instances,  the  spore  being  formed 
within  one  of  the  cells.  Hence,  when  one  of  these  filaments  is  '  in  fruit,' 
the  alternate  cells  will  be  found  to  contain  spores,  whilst  the  intermediate 
ones  will  be  entirely  empty.— In  all  these  cases,  the  development  of  the  new 
filament  appears  to  take  place  by  the  subdivision  of  the  '  primordial  cell,' 

*  It  is  afiirmed  by  Itzigsolin,  that  within  certain  of  the  filaments  of  Spirogyra,  the 
endochrome  breaks  up  into  little  spherical  aggregations,  which  are  graduaUy  converted 
into  nearly-colourless  spiral  filaments  having  au  active  spontaneous  motion  and  thereiore 
analogous  to  the  ' antherozoids'  of  the  higher  Algts.  (See  "Ann.  des  Sci.  Nat.,  »  ber., 
Botan.  Tom.  XVII.,  p.  150.)  More  precise  observations,  however,  are  needed,  to  deter- 
mine the  relation  of  this  phenomenon  to  the  generative  process. 
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as  in  the  instances  already  described;  and  this  subdivision  occurs  in  some 
instances  ia  the  immediate  product  of  the  conjugation,  so  that  a  number 
of  smaller  cells  are  formed,  in  the  stead  of  a  single  large  one.* 

484.  In  a  considerable  proportion  of  the  inferior  Algce,  a  multiplica- 
tion of  'phytoids'  is  effected  by  a  very  different  process;  namely,  the 
separation  and  dispersion  of  '  zoospores.'  These  bodies  are  formed  with- 
out any  conjugation,  and  they  originate,  in  fact,  in  the  subdivision  of 
the  cells  fi-om  which  they  are  set-free  (§  351).  The  whole  history  of  these 
bodies  shows,  that  they  are  not  products  of  a  true  generative  act,  but  are 
merely  to  be  regarded  as  detached  gemmce,  formed  by  a  developmental 
process.  For  whilst,  in  the  ordinary  process  of  subdivision,  the  endo- 
chrome  of  each  cell  divides  into  only  two  parts,  and  these,  when  com- 
pletely separated  by  a  new  cell-wall,  remain  in  contiguity  within  their 
common  envelope,  the  '  zoospores '  are  formed  by  a  subdivision  of  the 
endochrome  into  a  greater  number  of  parts,  each  of  which  acquires  a 
cell- wall  of  its  own;  and  all  the  young  cells  thus  produced  escape  from  the 
general  investment,  and  undergo  dispersion  by  the  exercise  of  the  loco- 
motive power  with  which  they  are  endowed. — Such  is  the  only  method 
of  reproduction  which  has  yet  been  observed  in  the  Ulvce  and  a  consider- 
able munber  of  Gonfervce.  But  there  is  a  strong  probability  from 
analogy,  that  a  conjugating  process  takes  place  even  amongst  these  at  some 
stage  of  their  existence;  for  it  does  not  seem  possible  that  the  midtipli- 
cation  by  gemmation  can  go-on  to  an  unlimited  extent  in  these  lower 
organisms,  any  more  than  in  the  higher.  It  may  perhaps  be  surmised 
without  any  great  imjorobability,  that  the  process  of  conjugation  does  not 
take  place  among  the  cells  of  the  complete  plant,  but  in  some  earlier  stage 
of  development.  In  fact,  the  early  stage  of  the  Gonfervce  and  Ulvce  so 
strongly  resembles  the  permanent  condition  of  the  Palmellece  (Fig.  192), 
that  it  is  not  impossible  that  some  of  what  have  been  supposed  to  be 
conjugating  cells  of  the  latter  group,  may  really  belong  to  the  former. 
For  the  complete  history  of  the  development  of  the  embryo-cells  is  as  yet 
so  far  from  having  been  made  out,  that  it  is  by  no  means  certain  that 
those  which  result  from  the  conjugation  of  a  supposed  Palmella  or  Cocco- 
chloris,  may  not  develope  themselves  into  an  TJlva  or  Conferva;  and  when 
the  phenomena  of  reproduction  in  the  higher  Algae  (§  485)  are  compared 
with  those  which  present  themselves  in  the  Ferns  (§  494),  it  will  be  seen 

that  there  is  a  strong  analogical  probability  in  favour  of  such  a  view.  

This  point  is  one  peculiarly  deserving  of  further  investigation. 

485.  In  passing  to  the  higher  AlgcB,  we  encounter  a  very  marked 
change  in  the  mode  in  which  the  Generative  act  is  performed;  the  essen- 

*  See  Dr.  Pringsheim  'On  tte  Germination  of  tlie  Spores  of  Sinrogyra,'  in  "Ann  of 
Nat.  Hist.,"  2nd  Ser.,  Vol.  XI.,  pp.  210,  292;  also  the  Rev.  W.  Smith  'On  the  Germi- 
nation of  the  Spore  in  the  Conjugatece,'  Op.  cit.,  Vol.  VIII.,  p.  480,  and  'On  the  Stellate 
Bodies  occurring  m  the  Cells  of  Fresh-water  Algas,'  in  "Microsc.  Transact.,"  2ndSer.,  Vol  I 
\  ^^'T^*  ^  '^^''^  curious  feature  in  the  history  of  these  humble  Plants,  thkt  there 
should  be  such  an  absence  of  constancy  in  the  mode  in  which  this  function  is  performed 
It  IS  remarked  by  Dr.  Pringsheim  that  various  forms  of  spore  may  be  formed  in  the  same 
plant,  and  out  of  the  same  contents  destined  for  reproduction,  although  there  is  for  each 
species  one  normal  form,  that  is  distinguished  by  the  preponderating  frequency  of  its  occur- 
rence. So  It  is  observed  by  Mr.  Smith,  of  the  very  act  of  conjugation,  that  "  although  one 
mode  of  effecting  the  umon  of  the  cells  seems  to  be  pretty  general  in  the  same  Algf  iJ  is 
by  no  means  constant  as  tubes  connecting  contiguous  ceUs  of  the  same  filament  or 
uniting  apposed  cells  of  other  filaments,  will  bo  found  in  connection  with  the  same  species  " 
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tial  character  of  it,  however,  still  remaining  the  same.  In  the  stmcture 
ot  these  plants,  as  formerly  pointed-out  (§  249),  we  no  longer  meet  with 


A,  vertical  section  of  a  conceptacle  of  Fucus  plafi/carpns  :—-b,  braiieliiiig  articulated  hairs, 
detached  from  the  wall  of  the  conceptacle,  bearing  antUeridia  in  dili'erent  stages  of  development : 
— o,  antherozoids,  some  of  them  free,  others  still  included  in  their  nutbcridin. 
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the  same  homogeneousness  as  in  the  simpler  tribes;  the  frond  has  a  defi- 
nite form  and  structure  in  each  species,  instead  of  being  a  mere  amorphous 
mass  •  the  several  cells  composing  it  no  longer  repeat  each  other,  but 
exliibit  a  oreat  variety  of  forms  and  modes  of  aggregation;  and  they  no 
louc^er  possess  a  capacity  for  independent  existence.    The  Generative 
function  is  now  limited  to  particular  portions  of  the  fabric;  and  the 
sexual  distinction  between  the  '  sperm-cells '  and  the  '  germ-cells '  be- 
comes apparent.    The  '  germ-ceUs,'  within  which  the  '  embryo-cells '  that 
aive  orio-in  to  the  new  generation  are  to  be  formed,  are  commonly  found 
in  the  interior  of  '  conceptacles '  (Fig.  197,  a)  lined  with  filamentous 
cells,  the  contents  of  which  appear  to  be  gradually  absorbed  into  the 
crerm-cells,  so  that  whilst  the  latter  increase,  the  former  are  emptied  and 
shrink,  sometimes  at  last  disappearing  altogether.    The  'sperm-cells'  (b) 
are  distinguished,  towards  the  period  of  their  maturity,  by  the  peculiar 
appearance  of  their  granular  contents,  which  present  an  orange-hue,  and 
ca-adually  shape  themselves  into  oval  bodies,  each  with  an  orange-coloui-ed 
spot,  and  with  two  long  filiform  appendages  (c),  which,  when  discharged 
by  the  mpture  of  the  containing  cell,  have  for  a  time  a  rapid  undulating 
motion,  whereby  these  spermatoid  particles  or  '  antherozoids '  are  dis- 
persed through  the  surrounding  water.    The  '  sperm-cells'  are  sometimes 
contained  within  the  same  conceptacles  as  the  '  germ-cells '  (as  iu  Fucus 
canaliculatus),  though  they  may  occupy  difi'erent  parts  of  their  cavity  (as 
in  F.  tuherculatus) ;  when  developed  within  distinct  conceptacles,  these 
two  sets  of  organs,  which  may  then  be  designated  'antheridia'  and  'pis- 
tillidia/  are  sometimes  developed  upon  the  same  individuals  (as  occa- 
sionally in  F.  nodosus),  in  other  cases  upon  difi'erent  plants  (as  in  the 
common  F.  vesiculosus*).    These  variations  foreshadow  the  diversities  in 
the  disposition  of  the  sexual  organs  in  the  Phanerogamia ;  and  it  is  highly 
rateresting  to  see  the  monoecious,  the  dioecious,  and  the  hermaphrodite 
arrangements  thus  presenting  themselves  in  the  very  lowest  plants  in 
which  a  distinction  of  sexes  is  clearly  manifested. — Although  the  precise 
manner  in  which  the  influence  of  the  '  antherozoids '  is  exerted  upon  the 
contents  of  the  '  germ-cells  '  has  not  yet  been  made-out,  the  fact  seems  to 
have  been  demonstrated,  that  such  influence  is  necessary  for  the  produc- 
tion of  fertile  spores.    For  it  has  been  found  by  M.  Thuret,  that  if  the 
'  sperm-cells '  and  '  germ-cells '  of  the  dioecious  species  of  Fuci  be  collected 
and  kept  separate,  no  development  occurs  from  the  latter,  although  they 
may  put  forth  irregular  prolongations  as  if  about  to  germinate.    But  when 
they  are  mingled  together,  the  'antherozoids'  attach  themselves  to  the 
'  germ-cells,'  crawl  as  it  were  on  their  surface,  and  communicate  to  them  a 
rotatory  movement  by  the  vibration  of  their  own  filaments.  In  the  course 
of  a  day  or  two,  the  '  primordial  cell'  or  '  spore'  formed  within  the  germ- 
cell  becomes  invested  with  a  distinct  membrane  or  '  perispore,'  and  soon 
begins  to  undergo  duplicative  subdivision ;  by  the  continuance  of  which 
process,  a  cellular  mass  with  a  kind  of  radical  filament  is  formed,  from 

*  It  -was  at  first  stated  by  MM.  Thuret  and  Decaisne,  tliat  Fucus  vesiculosus  sometimes 
has  its  '  sperm-cells'  and  '  germ-cells'  associated  in  the  same  conceptacles,  sometimes 
limited  to  different  individuals ;  but  they  now  athrm  that  the  latter  condition  only  is  pre- 
sented by  the  true  F.  vesiculosus,  the  former  being  characteristic  of  another  species  F 
plntycarpus,  previously  confounded  with  it.  ' 
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wliich  the  young  plant  is  progressively  evolved*  In  some  instances 
Jiowever,  tlie  first  cells  formed  by  this  process  separate  from  one  another 
being  set-free  by  the  rupture  of  the  perispore;  and  each  of  them  may  give 
origin  to  an  independent  plant  or  '  phytoid.'  In  this  manner,  2,  4,  or  8 
phytoids'  may  be  produced,  according  as  the  separation  takes  place' after 
the  hi-st,  the  second,  or  the  third  subdivision,  t — It  is  only  in  the  liitrher 
Algse,  however,  that  -sperm-ceUs'  and  'germ-cells'  are  thus  included 
withm  distinct  conceptacles,  developed  from  particular  portions  of  the 
frond;  for  these,  in  the  lower  tribes,  are  neither  distinctly  separated  from 
the  surrounding  tissues,  nor  are  they  limited  to  any  special  parts  of  the 
surface  of  the  frond. 

486.  Besides  the  time  generative  process  which  has  been  now  described, 
the  Algae  are  generaUy  (probably  universally)  furnished  with  a  means  of 
midtijihcation,  by  the  production  of  gemrnce,  which  detach  themselves  from 
the  stock,  and  are  developed  into  separate  '  phytoids.'  In  a  large  propor- 
tion of  the  group,  these  gemmae  correspond  with  the  '  zoospores'  of  the 
Protophyta  (§  484);  being  provided  with  numerous  vibratile  filaments, 
or  cilia,  by  the  movements  of  which  they  are  dispersed  through  the  water. ;]: 
There  is  such  a  resemblance,  in  some  instances,  between  these  'zoospores' 
and  the  '  antherozoids'  just  described,  that  they  might  be  readUy  con- 
founded together;  their  physiological  difference,  however,  is  most  com- 
plete, since  every  'zoospore'  may  develope  itself  into  a  new  'phytoid,' 
whilst  the  '  antherozoids'  can  themselves  produce  nothing,  their  influence 
being  only  exerted  in  fertilizing  the  'germ-cells.' — But  in  the  large 
order  Floridecs,  the  plants  comjDOsing  which  are  for  the  most  part  of  a 
red  or  reddish  colour,  the  gemmae  have  no  self-moving  j^ower ;  and  in 
consequence  of  their  usually  occurring  in  groups  of  four  (Fig.  198,  b), 
they  are  known  as  '  tetraspores.'§    These  are  generally  immersed  in  the 

*  "Comptes  Eendus,"  Avril  25,  1853,  and  "Aim.  of  Nat.  Hist."  2ndSer.,  Vol.  XII., 
p.  64. 

•Y  The  first  great  advance  towards  our  present  knowledge  of  the  sexual  reproduction  of 
the  higher  Algce,  was  the  discovery  of  the  anthericlial  character  of  certain  of  the  concep- 
tacles of  the  Fucaceoe,  made  by  MM.  Decaisne  and  Thuret  in  1844  ("  Ann.  des  Sci.  Nat.," 
3"  Ser.,  Botan.,  Tom.  III.) ;  and  on  this  discovery  Dr.  Harvey  proceeded,  so  far  as  he  was 
justified  in  doiag,  in  remodelling  the  arrangement  of  the  class  ("Manual  of  the  British 
Marine  Algse,"  1849).  A  most  valuable  series  of  observations  has  been  subsequently 
made  by  M.  Thuret  and  MM.  Derbes  and  Soiilier  ("  Ann.  des  Sci.  Nat.,"  3"=  Ser.,  Botan., 
Tom.  XIV.,  XVI.) ;  and  the  experiments  of  the  former  of  these  excellent  observers  have 
now  furnished  the  pi-oof  of  sexuality  which  was  previously  deficient. 

X  The  discovery  that  a  large  proportion  of  the  highest  Algoe  (iacluding  the  Fucacece 
and  their  allies)  multiply,  like  the  Protophyta  by  'zoospores,'  has  been  recently  made  by 
M.  Thuret.  See  his  'Recherches  sur  les  Zoospores  des  Algues,'  in  "Ann.  des  Sci.  Nat.," 
3^  Ser.,  Botan.,  Tom.  XIV. 

§  Much  discrepancy  of  opinion  has  existed  in  regard  to  the  homology  of  the  '  tetra- 
spores'  of  the  Floridece;  the  history  of  their  evolution  not  having  been  accurately  fol- 
lowed-out.  By  Agardh,  Decaisne,  and  some  other  distinguished  Algologists,  they  have 
been  regarded  as  the  generative  spores ;  whilst  the  conceptacular  spores  have  been  regarded 
as  gemmse.  The  view  taken  above,  which  is  that  first  propounded  by  Mr.  Thwaites,  and 
adopted  by  Dr.  Harvey  ("Manual  of  British  Marine  Algje,"  2nd  Edit.,  p.  68),  is  sup- 
ported by  the  fact  since  established  by  M.  Thuret  ("  Ann.  des  Sci.  Nat.,"  3"  Ser.,  Botan., 
Tom.  XVI.,  p.  14),  that  the  antheridia  and  the  generative  (conceptacular)  spores  occupy 
corresponding  parts  of  difi'erent  plants.  It  is  remarkable  that,  according  to  the  observa- 
tions of  M.  Thuret,  the  '  antherozoids'  of  the  Floridem  should  agree  mth  their  '  tetra- 
spores,'  in  being  destitute  of  the  cilia  possessed  alike  by  the  '  antherozoids'  and  by  the 
'  zoospores'  of  the  Fucacece. 


GENERATIVE  PBOCESS  IN  CHARACEiE. 


495 


substance  of  tlie  frond,  sometimes  congregating,  bowever,  in  particular 
parts,  or  being 


Fro.  198. 


re- 
stricted to  a  special 
branch  (Fig.  14); 
they  are  seldom  in- 
cluded in  distinct 
conceptacles,  and 
are  in  this  respect 
unlike  the  true 
generative  spores. 
Each  group  seems 
to  be  evolved  within 
one  of  the  ordinary 
cells  of  the  frond, 
which  undergoes  a 
duplicative  subdi- 
vision; the  four  se- 
condary cells  thus 
foi-med,  however,  re- 
main enclosed  with- 
in their  pi-imary  cell 
imtil  the  period  of 
maturity,  a  new 
envelope  of  a  semi- 
gelatinous  charac- 
ter, the  '  peri- 
spore,'  being  formed 
around  them.  The 
dispersion  of  these  tetraspores  can  only  be  efiected  by  the  movements  of 
the  water  into  which  they  are  emitted  by  the  rupture  of  the  j)erispore. 

487.  The  Generative  apparatus  of  the  little  group  of  Chcm-acece  presents 
us  with  a  closer  approximation  than  we  have  as  yet  seen  among  the  or- 
dinary Algse,  to  that  of  the  higher  Cryptogamia,  and  even,  in  some  par- 
ticulars to  that  of  Flowering  Plants ;  and  this  notwithstanding  that  the 
Nutritive  organs  are  as  simple  in  their  character  as  are  those  of  Confervse. 
The  generative  apparatus  consists  of  two  sets  of  bodies,  both  of  which  grow 
at  the  bases  of  the  branches  (Fig.  199,  b);  one  set  (6)  is  known  by  the 
designation  of  'globules,'  and  the  other  (a)  by  that  of 'nucu.les.' — The 
'globules,'  which  are  nearly  spherical,  have  an  envelope  made  up  of  eight  tri- 
angular valves,  often  curiously  marked,  which  enclose  a  'nucleus'  of  a  light 
reddish  colour.  This  nucleus  (c)  is  principally  composed  of  a  mass  of 
filaments,  roUed-up  compactly  together;  and  each  of  these  filaments  (d) 
is  formed,  like  a  Conferva,  of  a  linear  succession  of  cells.  In  every  one  of 
these  cells  there  is  seen,  at  the  period  of  maturity  of  the  organ,  a  spiral 
thread  of  two  or  three  coils,  (e),  which,  at  first  motionless,  after  a  time 
begins  to  move  and  revolve  within  the  cell ;  and  at  last  the  cell- wall 
gives  way,  and  the  spiral  thread  makes  its  way  out,  partially  straightens 
itself,  and  moves  actively  through  the  water  for  some  time,  in  a  tolerably 
deteiTuinate  direction,  by  the  lashing  action  of  two  long  and  very  delicate 
filaments,  with  which  these  bodies,  like  the  'antherozoids'  of  the  Fucaceas,  are 
furnished. — The  germ-cell  is  contained  within  the  'micule;'  the  exterior 


structure  of  Carpoeaulon  mediierraneim : 
tudinal  section  of  braneh,  with  tetraspores. 


-A,  entire  plant;  b,  loiigitii- 
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of  wlucli  body  is  formed  by  five  spirally-twisted  tubes,  that  give  to  it  a 
very  peculiar  aspect.  What  is  the  precise  nature  of  its  nucleus,  is  as  yet 
uncertain;  it  would  seem  probable  that  this  cliiefly  consists  of  a  mass  of 
starchy  matter  (resembling  that  of  the  '  albumen'  of  a  true  seed)  in  which 


Fia.  199. 


A  Charafoetida.—-B,  its  fructifloation;  a,  nucule;  b,  globule:— o,  globule  laid  open:— D,  one 
of  ita  contained  antheridial  tubes :— e,  discharged  antberozoids. 

a  sino-le  germ-cell  is  imbedded.  For  when  the  nucule  is  cut  across,  or  is 
ruptured  by  pressure,  a  multitude  of  little  grains  are  forced  out,  which  are 
proved  by  the  iodine-test  to  consist  of  starch;  and  it  has  been  determined 
by  the  observations  of  Yaucher,  that  only  one  embryo  is  developed  from 
each  nucule,  and  this  by  a  process  that  much  resembles  the  germination 
of  a  Phanerogamic  Plant.* — The  CAamceoe  may  be  multiplied  by  artificial 

*  It  is  somewhat  remarkable  that,  although  the  Characece  have  long  been  favourite 
subiects  for  observation  amongst  Microscopists,  much  should  still  remam  to  be  determmed 
respectms  the  structure  of  the  nucule,  and  the  mode  m  which  the  generative  act  is  accom- 
Sished  The  'antherozoids'  were  first  seen  by  Bischoif  in  1828;  but  were  regarded  by 
him  as  independent  Infusoria.  Their  exit  from  the  antheridial  iilaments  ^yas  fii^t  dis- 
crered  by  Mr.  Varley,  who  described  them  in  the  "  Transactions  of  the  Society  of  Art* 
fori834    they  were  ^terwards  independently  discovered  by  M.  Thuret,  and  described  by 
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subdivision,  the  separated  parts  contimiing  to  vegetate  under  favourable 
cii-cumstauces,  and  developing  the  entire  structure;  and  under  particular 
conditions,  they  develope  '  bulbels,'  or  gemmce  of  a  peculiar  kind,  being 
little  clusters  of  cells  fiUed  with  starch,  which  sprout  from  the  side  of  the 
central  axis,  and  then,  falling  off,  evolve  the  long  tubiform  cells  charac- 
teristic of  this  gi-oup* 

488.  Although  the  existence  of  a  true  Generative  process  in  Lichens 
cannot  be  yet  said  to  have  been  completely  established  by  observation, 
yet  there  seems  every  jjrobability  that  here,  as  elsewhere,  the  concurrence 
of ' sperm-ceUs'  and  'germ  cells'  is  requisite,  and  that  these  are  respec- 
tively developed  within  separate  organs,  which  usually  coexist,  however, 
in  the  same  plants;  that  which  has  long  been  known  as  the  '  fructification' 
of  the  Lichens,  being  in  reality,  only  the  female  portion  of  the  apparatus. 
From  the  researches  of  M.  Tulasne,t  it  appears  that  Lichens  nearly  always 
Ijossess,  in  addition  to  the  '  fructification '  which  is  commonly  recognised 
by  its  projection  from  the  thallus  (Figs.  16, 17,  200,  A,  B,  a  a),  a  set  of  pecu- 
liar organs  of  much  smaller  size  (Fig.  200,  A,  B,  s  s)  commonly  imbedded 
in  the  substance  of  the  thallus,  to  which  he  has  given  the  distinctive  ap- 
pellation oi  spermogonia.X  These  '  spermogonia,'  when  traversed  by  a 
section  (d),  are  found  to  be  cavities  lined  with  a  filamentous  tissue,  whose 
component  filaments  are  sometimes  simple,  sometimes  ramose;  and  from 
the  exterior  of  the  cells  of  these  filaments  (e),  a  vast  number  of  minute 
ovoid  bodies  are  (so  to  speak)  budded-ofi".  These  bodies,  termed  speronatia 
by  M.  Tulasne,  drop  when  mature  from  the  filaments  on  which  tliey  have 
pullulated,  and  escape  in  great  numbers  by  the  orifice  of  the  sper- 
mogonium;  like  the  antherozoids  of  Floridece,  they  are  destitute  of 
any  power  of  spontaneous  movement;  and  as  their  participation  in  the 
production  of  fertUe  spores  has  not  yet  been  demonstrated,  we  cannot  yet 
indubitably  assign  to  them  the  character  of  '  sperm-cells,'  although  their 
possession  of  this  attribute  is  rendered  highly  probable  by  the  considera- 
tions add^^ced  by  M.  Tulasne.  § — The  female  portion  of  the  generative  ap- 
paratus, though  sometimes  dispersed  through  the  thallus,  is  usually  collected 
into  special  aggregations,  which  form  projections  of  various  shapes;  these, 
although  they  have  received  a  variety  of  designations  according  to  their 
-particular  conformation,  may  all  be  included  imder  the  general  term 
apothecia  (Fig.  200,  A,  b,  a,  a).  When  these  bodies  are  divided  by  a 
vertical  section  (c)  they  are  found  to  contain,  at  their  maturity,  a  number 
of  asci,  or  spore-cases,  arranged  vertically  in  the  midst  of  a  mass  of  straight 
elongated  cells  or  filaments,  which  are  termed  '  paraphyses.'    Each  of 

him  in  the  "  Ann.  des  Sci.  Nat."  for  1840.  The  precise  relation  of  the  'nucule'  to  the 
'  archegonium'  (pistillidium)  of  higher  Cryptogainia,  is  still  a  matter  of  discussion.— See 
a  Memoir  by  Braun,  translated  ia  the  "Ann.  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  XII.,  p.  297. 

*  The  multiplication  by  bulbels  was  described  by  Amici  in  1827  ;  but  his  observations 
seem  to  have  been  forgotten  by  Botanists,  until  the  fact  was  re-discovered  by  M.  Montame 
("Ann.  des  Sci.  Nat.,"  3°  Ser.,  Botan.,  Tom  XVIII.,  p.  65). 

+  "Ann  des  Sci.  Nat.,"  3=  Ser.,  Botan.,  Tom.  XVII. 

t  The  peculiarities  of  these  bodies  and  of  their  products,  are  considered  by  M.  Tulasne 
as  sufficing  to  distinguish  them  from  the  '  antheridia'  and  '  antherozoids'  of  higher  Cryp- 
togamia,  although  their  functions  may  be  essentially  the  same. 

§  It  does  not  seem  at  all  improbable  that  these  spermatia  hold  much  the  same  relation 
to  the  ordinai7  antherozoids,  that  the  seminal  particles  of  some  of  the  Entozoa  do  to  the 
ordmary  spermatozoa ;  being,  in  fact,  the  secondary  sperm-cells  themselves,  instead  of 
being  filaments  developed  within  tliose  spcrm-cells. 

K  K 
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the  asci  contains  a  certain  number  of  'spores'  (vaiying  from  four  to 
sixteen,  but  being  always  a  multiple  of  two),  wliicli  is  constant  for  each 

Fig.  .200. 


.-I  i-  „  A„„„^o+„=  nf  CnUema  vulvosim:—k,  fragment  of  the  plant  enlarged,  sho\vmg 
fl,?!nXla  andXt^rmogS^  thflarge  flat  expansions,  and  the  latter 

the  souteUa  and  tne  SP''™"^  „  '  '         ,     „  ,,  ^       frond:—!),  vertical  section  of  a 

the  minuter  protuherance^^  to  scuteSa,  t  Tand  two  spermogoiia,  «:-C,  vertical 
portion  ol  the  *™J,^ff    -     souteUuin.  enciosing  the  spores  ;-D,  vortical  section  of  a 

section  of  the  '^^Tl^^^'^l  ^  a  mulS^  "e  befng  ejected:-ii,  portion  of  the 

TsrSgThis^a^ty^ttd^^^^^^^ 
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species;  the  spores  themselves  (f)  are  sometimes  multilocular.  Each 
of  these  spores,  when  set  free  from  its  containing  capsule,  may  give  origin, 
by  the  usual  process  of  duplicative  subdivision,  to  a  new  plant.  It 
seems  probable,  from  the  analogy  of  higher  Cryiitogamia,  that  eveiy  one 
of  the  'asci'  originates  from  a  single  '  embryo-cell,'  which  has  been  deve- 
loped within  a  'germ-cell'  as  a  consequence  of  the  fertilizing  influence  of 
the  'spermatoid'  bodies  evolved  from  the  spermogonia;  but  nothing  certain 
can  as  yet  be  stated  on  this  point. — Lichens  multiply  also  by  a  method  of 
gemmiparous  reproduction,  wliich  reminds  us  of  the  '  tetraspores '  of  the 
FloridecG  (§  486);  for  between  their  medullary  and  their  ujiper  cortical 
layers,  there  is  found  a  layer  of  rounded  gi-een-cells,  sometimes  nearly 
continuous,  in  other  cases  more  interrupted,  the  cells  being  aggregated  in 
little  masses  of  variable  size,  which  are  termed  gonidia.  These  gradually 
find  their  way  through  the  cortical  layer,  so  as  to  appear  on  the  surface 
as  little  pulverulent  masses,  which  are  termed  soredia;  and,  when  dis- 
persed and  separated,  each  of  the  component  cells  is  capable  of  developing 
itself  into  a  new  '  phytoid.' 

489.  Our  knowledge  of  the  Generative  process  in  Fimgi  is  nearly  on 

FiQ.  201. 


hZ^^  f  f  ?!  %  f'^P^'*?';!  and  fertUe  tissue  of  Tremella  mesentm-ica,  showinir  the 
olnninf'  dilTerent  atfiges  of  development;  h,  h,  the  same  putting  forth  sporouCro,  or 

elongated  filaments  beanng  spores,  c,  c,  at  tlieir  extremities;  d,  spores  mSZtinn' 
ments  Bpermatia.  developed  at  the  extremltie^  of  social  braSnffllai 
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the  same  grade  with  our  acquaintance  with  this  function  in  the  Lichens. 
For  although  the  reproductive  apjDaratus  of  the  Fvmgi  is  so  extraordinarily- 
developed,  as  to  constitute  the  great  bidk  of  the  ostensible  plant,  yet  it  is 
only  of  late  that  any  evidence  has  been  afforded,  by  the  researches  of  M. 
Tulasne,*  of  the  existence  of  distinct  sexes  in  this  group.  By  the 
examination  of  a  large  number  of  species  belonging  to  different  orders, 
he  has  ascertained  that  the  presence  of  bodies  resembling  the  sper- 
matia  of  Lichens  is  probably  universal  in  the  organs  of  fmctification, 
at  an  early  period  of  their  development.  These  bodies  (Fig.  201,  e,e)  are 
budded-off  (so  to  speak)  from  ramifying  filaments,  which  are  sometimes 
developed  in  the  midst  of  those  that  bear  the  '  spores,'  and  are  sometimes 
found  on  other  parts  of  the  plant,  being  occasionally  included  within 
distinct  conceptacles,  or  spermogonia,  as  in  Lichens. — The  ordinary  mode 
in  which  the  '  spores'  are  developed,  is  within  prolongations  from  certain 
cells  termed  basidia,  which  may  be  either  borne  on  long  filamentous 
stalks,  as  in  Tremella  (Fig.  201,  a  a),  or  may  be  more  compactly  clustered 
together  in  the  substance  of  a  membrane  (Fig.  202,  B,  a).  These  basidia 
themselves  put  forth  extensions,  commonly  four  in  number,  which  some- 
times attain  a  considerable  length  (Fig.  201,  h,  h)  ;  and  it  is  within  the 
extremities  of  these  tubular  extensions,  according  to  Schleiden,+  that  the 
spores  are  developed  as  'free  cells,'  which  afterwards  become  detached  by 
the  rupture  of  the  basidial  filaments. — ^With  a  great  degree  of  constancy 

in  these  essential 
Fig.  202.^  features   of  the 

structure  of  the 
Generative  aj)pa- 
ratus,  this  class 
j)resents  an  im- 
mense variety  in 
the  forms  of  the 
organs  which  con- 
tain the  spores. 
The  highest  type 
is  generally  con- 
sidered t£)  be  that 
of  the  Hymeno- 
mycetous  grouj), 
of  which  the  A  ga- 
rics  ai'e  charac- 
teristic examples. 
In  these,  when 
the  fructification 
is  fully  develop- 
ed, we  see  a  dome- 
shaped  body, 
tei'med  the  2nleiis 

(Fig  202  A,  a),  surmounted  upon  a  sti2yes  or  stem  (c),  which  rises  from  the 
mycelium  (d),  that  constitutes  the  nutritive  portion  of  the  fabric.  The  pileus 
is  composed  of  two  membranes,  of  which  the  upper  and  outer  is  smiple  and 

*  "Ann.  desSci.  Nat.,"      Ser.  Botan.,  Tom.  XIX.,  p.  193,  Tom.  XX  ,  p.  129. 
+  "Principles  of  Scientific  Botany,"  translated  by  Dr.  Lankester,  pp.  16d— iOO. 


Structxire  of  Anaricus  campestris  vertical  section  of  the  entire 
plant;  showing  a,  the  pileus;  b,  the  lameUaj  covered  by  the  hymeniiun;  c,  the 
stipes  •  d  the  myceUum:— B,  portions  of  the  fructification  enlarged;  a,  section 
through  the  lamellre,  showing  the  investing  hyraenium,  and  the  spores  clus- 
tered  uponit;  J,  portion  of  hymenium  with  basidia  m  four  ditterent  stages 
of  formation;  c,  basidium  somewhat  more  developed,  one  of  the  processes 
showing  the  spore  in  its  first  stage,  the  other  more  advanced;  d,  basidiuni 
with  four  processes  and  as  many  half-developed  spores;  e,  the  upper  part  ot 
a  basidium  with  a  fuUy-developed  spore  on  one  ot  its  processes. 
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sterHe,  like  the  coi-tical  layer  of  the  Lichens;  whilst  the  inner  and  lower, 
which  is  termed  the  hymenium,  contains  the  basidia.  The  surface  of  this 
membrane  is  usuaUy  extended  by  duplication  or  involution;  thus  m  the 
Aqm-ics  it  forms  vertical  plates  termed  lamelloi  or  gills,  which  radiate  from 
the  stipes  towards  the  cii-cumference  of  the  pHeus  (a  6,  and  B  a) ;  m  Boletus 
and  Polyporus  it  lines  a  mass  of  vertical  tubes  arranged  like  the  cells  ol  a 
honeycomb ;  and  in  Eydnum  it  covers  the  exterior  of  a  similarly-arranged 
series  of  soUd  columns.  Of  the  time  at  which  the  act  of  fecundation  is 
performed,  and  of  the  mode  in  which  it  is  effected,  we  have  as  yet  no  know- 
ledge.—It  has  long  been  known  that  from  the  same  myGelivm,YQYj  different 
forms  of  fructification  (constituting  in  this  group  the  ostensible  Plants) 
might  be  evolved;  and  it  has  been  recently  shown  by  M.  Tulasne,  who  has 
added  greatly  to  oiu-  knowledge  of  these,  that  even  the  ThecasporecB  (which, 
on  account  of  their  bearing  distinct  spore-cases  or  thecse  resembling  the 
asci  of  Lichens,  have  been  regarded  as  a  very  distinct  group,  and  have  even 
been  referred  by  Schleiden  to  the  class  of  Lichens),  are  basidiosporous  .a,t 
one  period  of  theii-  evolution.  It  may  be  reasonably  suspected  that 
some  of  these  forms  of  fructification  are  rather  destined  for  the  multipli- 
cation of  the  plant  by  gemmoe,  than  for  the  evolution  of  true  generative 
products. 

490.  The  usual  mode  of  the  evolution  of  the  new  plant  from  the  spores 
detached  from  the  parent  seems  to  be,  in  the  first  place,  the  protrusion  of 
one  or  more  long  tubes  formed  by  the  inner  coat,  through  apertures  or 
fissures  in  the  outer  coat.  These  tubiform  cells  branch  and  subdivide,  so 
as  to  form  the  mycelium  or  vegetative  thaUus,  which  seems  common  to 
nearly  all  Fungi  (§  26).  In  the  Uredinece,  however,  and  perhaps  in 
some  other  groups,  the  first  j)roduct  of  the  germination  of  the  spores  is  a 
promycelium,  which  buds-off  vesicles  that  form  the  true  mycelium,  and 
then  itself  ceases  to  exist.* — In  their  early  stage  of  development,  it 
would  seem  as  if  these  plants  could  multiply  indefinitely  by  the  sepa- 
ration of  their  component  cells.  This  has  been  especially  noticed  in 
regard  to  the  Torula  cerevisice  or  'yeast-plant,'  which  is  found  in  Yeast  in 
the  condition  of  isolated  cells  (Fig.  203  a);  constituting,  in  fact,  a 
type  of  vegetation  closely  analogous  to  that  of  the  simplest  Protophyta. 
When  placed  in  a  fermentible  fluid,  these  cells  rapidly  multiply;  not, 
however,  by  that  process  of  duplicative  subdivision  which  prevails  among 
the  lower  Algse,  but  by  the  budding-forth  of  young  cells  from  their 

Fig.  [203. 


0  (3^Qi        ^'^  '^K 


a  d  c  (I 

Different  stages  of  the  vegetation  of  Torula  Cerevisics,  or  Yeast  Plant  ;— a,  single  cellsrof  which 
it  at  first  consists;  b,  ceUs  with  buds;  c,  the  same  more  advanced;  d,  rows  of  cells  produced  by 
continuance  of  the  budding  process, 

parietes  (h).  These,  in  the  course  of  a  short  time,  become  complete  cells, 
and  again  perform  the  same  process  (c) ;  and  in  this  way,  the  single  cells 

*  Sec  Tulasne,  in  "Comptes  Rendus,"  .June  20,  1853, 
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of  yeast  develope  themselves  in  the  course  of  a  few  hours,  into  rows  of 
foiu-,  five,  or  six,  which  remain  in  continuity  with  each  other  while  the 
plant  is  still  growing,  but  which  separate  if  the  fermenting  process  be 
checked,  and  return  to  the  condition  of  those  which  originally  constituted 
the  yeast.  Thus  it  is  that  the  quantity  of  yeast  first  introduced  into 
the  fermentible  fluid,  is  increased  by  many  times  during  the  process.  If 

the  process  of  fermentation  be  allowed  to 
continue,  however,  each  of  the  necklace- 
like filaments  extends  itself  by  the  pro- 
duction of  new  cells  in  continuity  with 
the  preceding;  and  the  fructification  cha- 
racteristic of  the  species  is  at  last  evolved. 

491.  In  the  HepaticcB  and  Mosses,  we 
have  no  difiiculty  in  recognizing  two  dis- 
tinct sets  of  sexual  organs,  besides  a  pro- 
vision for  the  production  and  detachment 
of  free  gemmae  or  '  bulbels.'  The  anthe- 
ridia, — wMch  are  sometimes  buried  in  the 
substance  of  the  frond,  but  in  the  higher 
forms  project  as  stalked  bodies  from  its 
surface  (Fig.  23), — contain  sperm-cells, 
within  which  are  developed  'antherozoids,' 
that  closely  approximate  in  appearance 
and  in  the  nature  of  their  movements 
to  those  of  the  Characese.  The  archegonia 
(or  pistillidia)*  are  usually  minute  fiask- 
shajaed  bodies  (Fig.  204),  which,  like  the 
antheridia,  are  imbedded  in  the  substance 
of  the  frond  among  the  lower  tribes,  but 
project  above  it  in  the  higher,  several 
being  very  commonly  included  within  one 
'  involucrum :'  at  first  they  are  solid,  but 
the  partitions  between  the  interior  cells 
subsequently  disappear,  and  a  canal  is  thus 
formed  (Fig.  205,  a  a),  leading  to  a  space 
at  the  lower  part,  within  which  a  free 
cell  is  evolved.  It  is  by  a  process  of  sub- 
sequent development  from  the  archegonia, 

female  generative  organs  of  Jzinger-   that  those  '  Capsules'  containing  '  Spores' 

,  „        ,.„n,r,«t<.    ^jij^gg_  24,  25,  206)  are  evolved,  which 

commonly  regarded  as  constituting 


Successive  stages  of  Archegonia  (pistilli- 
dia)  of  Mwrcha7itia  poli/morpjia. 

Fig.  205. 


mannia  bicuspidata  : — a,  unimx^regnated 
archegonium,  contaiiung  germ-cell;  b,  ar- 
chegonium,  containing  fertilized  embryo- 
cell  becoming  double  by  subdivision ;  c,  sper- 
matic filaments  contained  within  the  peri- 
anth enclosing  the  archegonium,  andmovmg 
in  the  directions  indicated  by  the  arrows  : 
— B,  more  advanced  embryo,  from  the  m- 
terior  of  an  older  archegonium. 


are 


the  proper  'fructification'  of  these  tribes 
of  Plants.  And  there  is  eveiy  reason  for 
the  belief,  that  this  developmental  process 
originates  in  a  true  generative  act;  the 
'germ-ceir  within  the  archegonium  being  fertilized  by  the  '  antherozoids,' 
and  the  '  primordial  cell '  resulting  from  this  operation  evolving  itself  by 

*  Tlie  term  ' pistillidium'  is  objectionable,  as  implying  a  homology  with  the  'pistil'  of 
Phanerogamia,  which  does  not  exist.  For  whilst  the  pistil  contains  ovules,  the  archego- 
nium contains  but  a  single  'germ -cell,'  and  is  itself,  perhaps,  to  be  likened  to  the  ovule 
containing  the  embryonic  vesicle  (§  505). 
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duplicative  siibdiviBion  (Fig.  205,  A h,  b)  into  tlie  spore-capsule  or  fruit  (§  27). 
For  tlic  antlierozoids  have  been  often  observed  by  Hofmeister  swimming 

Fia.  206. 


Inferior  aspect,  a,  and  sectional  view,  b,  of  one  of  the  lobed  receptacles  of  Man-chantia  poly- 
morplia,  showing  the  sporangia  on  its  under  surface. 

about  around  tlie  archegonia  within  their  involucrum ;  and  it  has  been 
ascertained  that  when  the  antheridia  and  archegonia  are  developed  upon 
different  individuals,  as  happens  in  some  species  of  Mosses,  the  evolution 
of  the  latter  into  capsules  does  not  take  place,  unless  the  plants  bearing 
the  former  are  in  the  neighbourhood.  Moreover,  it  has  been  shewn  by 
Mr.  Yalentin's  elaborate  investigations,*  that  no  impregnation  of  the 
contents  of  the  capsule,  by  the  introduction  of  any  external  substance 
into  its  cavity,  can  take  place  after  the  formation  of  the  spores.  In  this 
point  of  view,  such  a  mass  would  represent  the  clustered  spores  of  the 
Fuci  (§  485)  in  every  respect,  save  that  the  process  of  subdivision  has 
proceeded  much  further ;  it  would  also  represent  the  single  embryo  of 
the  Flowering-plant,  which  also  is  composed  of  a  mass  of  cells  originating 
in  the  subdivision  of  the  primordial  embryo-cell.  The  '  spores,'  however, 
are  capable  of  existing  independently  of  each  other,  like  the  cells  of  a 
Palmella ;  and  thiis  from  each  of  them  a  distinct  '  phytoid'  may  arise. — In 
the  development  of  one  of  these  cells  into  a  new  plant,  the  fii'st  stage  is 
the  ruptui-e  of  its  oxiter  coat,  and  the  protrusion  of  the  delicate  cell- 
waU  that  lined  it.  By  the  subdivision  of  this  primary  cell,  an  embry- 
onic cluster  is  soon  formed,  presenting  a  very  confervoid  aspect,  so  as 
closely  to  resemble  the  mature  condition  of  plants  miich  lower  in  the 
scale  of  organisation.  It  is  by  a  continuation  of  the  same  process,  that 
the  '  frond'  of  the  HepaticcB,  which  presents  various  gradations  from  a 
simple  and  almost  amorphous  expansion  to  an  assemblage  of  parts 
aiTanged  with  some  degree  of  regularity  upon  an  axis,  is  gradually 
evolved ;  and  from  every  part  of  its  under  surface  proceed  radical  fibres, 
which  remain  in  the  condition  of  the  simple  confervoid  filaments  first 
put  forth.  But  in  Mosses,  in  which  there  is  a  more  perfect  separation  of 
the  axis  and  its  foliaceous  appendages,  we  find  the  stem  gradually 
developed  from  one  end  of  the  primitive  confervoid  body  or  iJrothallium, 
at  first,  however,  as  a  mere  homogeneous  mass  of  cells;  the  leaves  are 


*  "Linnoean  Transcactions,"  Vol.  XVII. 
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then  put-forth  from  the  axis,  one  after  another;  and  the  sti-uctvu-e 
cJiaractenstic  of  the  perfect  organs  becomes  progressively  apparent.  No 
true  root,  or  descending  axis,  is  ever  evolved  in  Mosses;  and  the  radical 
hlameuts,  which  proceed  from  the  base  of  the  stem,  remain  in  the  simple 
condition  of  those  which  are  put  forth  from  the  prothallium.* 

492.  In  both  these  tribes  of  Crjq^togamia,  there  is  a  provision  for  the 
inultiplication  of  independent  'phytoids'  by  gemmation;  and  this  provi- 
sion is  peculiarly  elaborate  in  Marchantia.  On  various  parts  of  the  sur- 
face of  its  thallus,  there  may  very  commonly  be  found  little  basket-like 
conceptacles  (Fig.  207,  a,  b)  in  different  stages  of  growth;  and  within 

Fig.  207. 


Gemimparous  conceptacles  Marchantia polymorpha: — A,  conceptacle  fully  expanded,  rising 
from  the  surface  of  the  fi-ond  a  a,  and  containiag  disks  already  detached :— B,  first  appearance 
of  the  conceptacle  on  the  surface  of  the  frond,  showing  the  manner  in  which  its  fringe  is  formed 
by  the  splitting  of  the  cuticle :— d,  section  of  a  conceptacle  in  progress  of  expansion,  showing 
a,  a,  its  thin  fringed  edges,  h,  b,  the  thicker  walls  of  its  lower  portion,  and  c  its  base  whence 
spring  d  the  bulbels :— c,  portion  of  the  base  more  enlarged,  showing  the  bulbels  in  various 
stages  of  development ;  a,  pedicel,  b,  b,  bulbels  in  their  earUest  condition,  c,  bulbel  more  advanced . 

these  are  a  number  of  discoidal  bodies,  each  composed,  when  fully  de- 
veloped, of  two  or  more  layers  of  cells.  These  gemmse  are  at  first 
evolved  as  single  globular  cells,  supported  upon  footstalks  which  consist 
of  single  elongated  cells,  rising  from  the  base  of  the  conceptacle  (c,  d)  ; 
the  single  cells,  undergoing  multiplication  by  duj)licative  subchvision,  ai-e 
develojDed  into  the  disks;  and  these,  when  mature,  spontaneously  detach 
themselves  from  their  pedicels,  and  lie  free  within  the  cavity  of  their  con- 

*  TMs  vie-w  of  the  generative  process  in  Mosses,  first  put  forth  (1848)  by  Mr.  G-.  H.  K. 
Thwaites  ("Ann.  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  I.,  p.  105),  has  since  been  confirmed  by 
the  researches  of  Hofmeister  ("  Vergleichende  Untersuchungen  der  Keiniung,  Entfaltuug 
xmd  FiTichtbildnng  hoherer  Kryptogamen,"  &c.,  1851). 


GEMMATION  OF  MOSSES.  DEVELOPMENT  OP  PERNS. 


505 


ceptacle.  Most  commonly  they  are  at  last  washed-out  by  rain,  and  are 
thus  earned  to  different  parts  of  the  neighbouring  soil,  on  which  they 
crrow  veiy  rapidly  when  well  supplied  with  moisture;  sometimes,  how- 
ever, they  may  be  found  growing  whilst  still  contained  within  the  con- 
ceptacle,  and  seem  to  graft  themselves  (as  it  were)  on  the  stock  from 
which  they  are  developed. — Among  Mosses,  again,  there  are  several  in- 
stances in  which  buds  that  spontaneously  detach  themselves,  or  'free 
gemmffi,'  are  developed,  sometimes  from  the  stem,  sometimes  from  the 
leaves,  and  sometimes  from  the  root-fibres;  and  this  kind  of  multipli- 
cation may  even  take  place  in  the  confervoid  state  of  the  'pro- 
thallium,'  which  frequently  separates  iato  several  parts,  from  each  of 
which  a  new  'phytoid'  may  be  evolved.  There  are  certain  species 
of  Mosses,  which  rare  ly,  if  ever,  occur  with  true  fructification  in  certain 
localities,  their  propagation  being  effected  almost  solely  by  the  spon- 
taneous detachment  of  gemmae  which  are  put -forth  from  their  stems; 
and  thus  among  these  humble  plants,  the  product  of  a  single  sexual  ope- 
ration may  attain  the  age  of  our  largest  trees,  and  may  occupy  as  large  a 
space  in  the  economy  of  nature.* 

493.  It  was  by  the  discoveries  made  not  long  since  in  regard  to  the 
processes  of  Generation  and  Development  in  the  class  of  Ferns,  that  a 
new  light  was  first  thrown  upon  the  natiu'e  of  these  operations,  not  only 
in  this  particular  group,  but  in  the  Cryptogamia  in  general.  It  now  ap- 
pears that  what  had  been  previously  considered  the  '  fructification '  of  the 
Fern, — namely,  the 

collections   of  theG<B  Fig.  208. 

containing  spores, 
usually  found  on  the 
under  sides  or  at  the 


edges  of  the  fronds 
.{Fig.  27),— is  really 
an  apparatus  for  gem- 
miparous  production ; 
the  '  spore'  not  being 
the  immediate  pro- 
duct of  the  sexual  or 
tme  generative  opera- 
tion, but  being  a  fi-ee 
gemmia,  which,  when 
cast-off  by  its  parent, 
forthwith  developes 
itself  into  a  structure 
containing  sexual  or- 
gans, from  which  the 
new  generation  really 
originates.  It  will 
be  convenient,  how- 
ever, in  describing  the 
process  of  evolution, 
to  commence  with  the 

is  a  cell  of  ii-regular  form,  but  usually  somewhat  pyramKlai'(Fig?io87A)'^; 
*  Ttwaites,  Op.  cit.,  Vol.  II.,  p.  314. 


kin^^fif of  Pfem  semaata;—k,  spore  set  free  from 

"  r-io  ■ 


1  "  — j^,  protliaUium  taking  t 

a  leat-Iike  expansion;  a,  first,  and  b,  second  radical  fibre;  c,  d,  the  two 
loDes,  and  e  the  indentation  between  theni,';  //,  under  part  of  the  pro- 
tnamum;  g,  external  coat  of  the  original  spore;  h,  h,  autheridia. 

i '  spore,'  as  the  best-defined  starting-point.  This  body 
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its  outer  waU  is  formed  of  a  brownish-coloured  resisting  membrane,  in 
some  pa,rt  of  -wliich  is  a  minute  aperture;  its  inner  wall  is  extremely 
thm  and  transparent;  and  tbe  cavity  of  tbe  cell  contains  an  oleaginous 
niucilage,  in  wliicli  are  usually  found  tliree  nuclei.  Under  the  influence 
of  warnith,^  moisture,  and  light,  the  spore  begins  to  enlarge,  the  first  indi- 
cation of  its  increase  being  the  rounding-off  of  its  angles;  then  from 
the  orifice  in  its  outer  wall  is  put-forth  a  tubular  prolongation  of  the 
internal  cell-wall  (a),  which  serves  as  a  radical  fibre,  absorbing  nou- 
rishment from  the  surface  on  which  the  spore  is  lying;  and  by  this 
absorption,  the  inner  cell  is  so  distended,  that  it  bursts  the  external 
unyielding  integument,  and  is  now  directly  exposed  to  the  influence 
of  light  (b).  Its  contents  speedily  become  green;  and  the  cell  itself 
elongates  in  a  direction  opposite  to  that  of  the  root-fibre,  so  that  it 
acquires  a  cylindrical  form.  A  production  of  new  cells  then  takes  place 
from  its  extremity ;  and  this  at  first  proceeds  in  a  single  series,  so  as 
to  form  a  kind  of  confervoid  filament  (c) ;  but  the  new  growth  soon  takes 
place  laterally  as  well  as  longitudinally,  so  that  a  flattened,  leaf-like 
expansion  or  '  thallus,'  closely  resembling  that  of  a  young  Marchantia, 
is  soon  formed.    This  thallus  varies  in.  its  configuration  in  different  species 

Fig.  209. 


More  advanced  Prothallium  of  Fteris  serrulata;  b,  natural  size;  a,  magnified; — a  a,  root- 
fibres;  J,  antheridia;  e,  the  same  after  the  discharge  of  their  contents;  d,  pistiUidia. 

of  Ferns ;  in  the  species  here  figured  (d),  it  is  bilobed,  the  two  divisions 
(c,  d)  being  separated  by  a  kind  of  notch  (e) ;  but  its  essential  structure 
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is  always  the  same.  From  its  under  surface  are  developed  additional  root- 
fibres  whicli  serve  to  fix  it  in  the  soil,  and,  at  the  same  time,  to  supply 
it  with  moisture.— To  this  body,  which,  in  its  fully  developed  form,  is 
represented  in  Fig.  209,  the  name  of  prothallium  has  been  appropriately 


given 


494.  At  an  early  period  in  the  development  of  the  '  prothallium,'  certain 
pecuHar  glandulai'-looking  bodies  are  seen  iDrojecting  from  its  under  sur- 
face (Fig.  208,  D,  h,  h);  these  augment  in  number  with  the  advance  m 
oi-owthj  and  at  the  time  of  the  complete  evolution  of  the  'prothaUium, 
they  are  seen  in  considerable  numbers  (Fig.  209,  A,  b,  c),  especially  about 
its  base,  neai-  the  origins  of  the  radical  fibres  (a,  a).  These  boclies  owe 
fchcir  origin  to  a  peculiar  protrusion  which  takes  place  from  certain  of  the 


Fia.  210. 

B 


Development  of  the  Anfheridia,  oaA  Antherozoids ; — A,  one  of  the  cells  of  the  prothaUium, 
bounded  by  the  cell-waU  c  e  e,  giving  oS"  a  projection  at  a,  which  contaias  a  peculiar  secondary 
cell,  6;— B,  further  development  of  this  part;  a,  projection  of  the  primary-cell;  b,  secondary 
cell  or  antheridium  filled  vrith  a  new  generation  of  cells  e; — c,  antheridium  completely  deve- 
loped and  shown  on  a  larger  scale;  a,  waU  of  the  secondary  cell;  e,  contained  cells;  each  in- 
closing a  spiral  filament; — D,  one  of  the  spiral  filaments  (antherozoids)  highly  magnified; 
a,  large  eitremity;  i,  other  extremity,  less  dilated;  c,  cilia. 

cells  of  the  'prothallium'  (Fig.  210,  A,  «,);  this  is  at  first  entirely  filled 
with  chlorophyll;  but  soon  a  peculiar  free  cell  (6)  is  seen  in  its  interior, 
filled  with  mucilage  and  colourless  granules.  This  cell  gradually  becomes 
filled  with  another  brood  of  young  cells  (b,  e) ;  it  increases  considerably 
in  its  dimensions,  so  as  to  fill  the  projection  which  incloses  it;  this  part 
of  the  original  cavity  is  now  completely  cut-oif  from  the  primary-cell,  of 
which  it  was  an  offshoot;  and  the  antheridivm  (as  this  peculiar  cell  with 
its  contents  is  now  to  be  called)  henceforth  ranks  as  a  distinct  and  inde- 
pendent organ.  Each  of  the  secondary  cells  contained  within  the  primary 
cell  of  the  '  antheridium '  is  seen,  towards  the  period  of  maturity,  to  con- 
tain a  spirally-coiled  filament  (c) ;  and  when  these  cells  have  been  set 
free  by  the  bursting  of  the  antheridiu,m  (Fig.  209,  A,  c),  they  themselves 
burst  and  give  exit  to  their  'antherozoids,'  which  execute  rapid  movements 

*  This  " Marchantia-like  expansion"  has  been  long  known  as  the  first  production  from 
the  spore  ;  and  was  described  in  the  earlier  editions  of  this  work  as  a  cotyledon  developed 
for  the  elaboration  of  nourishment  for  the  young  Fern  which  is  afterwards  to  sprout  from 
its  centre.  It  will  be  seen  hereafter,  that  though  it  undoubtedly  performs  an  analogous 
function,  yet  that  it  cannot  be  regarded  as  homologoiis  with  a  cotyledon ;  its  relation  to  the 
young  Fern  being  that  of  a  parent  to  its  offspring,  and  not  that  of  a  temporaiy  leaf  to  a 
more  permanent  one. 
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of  rotation  on  then-  axes,  partly  dependent  upon  the  long  cilia  with  which 
they  ai-e  fm-nished  (Fig.  210,  d).  Each  of  these  spiral  filaments  makes 
irom  two  to  three  turns;  its  anterior  extremity  {a)  is  considerably  en- 
larged, and  seems  to  contain  a  minute  vesicle:  its  posterior  extremitv  (b) 
IS  also  somewhat  dilated.*  ^  ^ 

495.  Besides  these  bodies,  the  '  prothallium'  bears  a  small  number  of 
others,  cUffering  essentiaUy  from  the  preceding  in  character,  and  usually 

Pig.  211. 


Development  o{  the  Archegomum  (pistilhdium)  of  Pirns  serrulataj-x,  side  view  in  its  earlv 
state;  a  genn-cell;  b,  ceUs  of  the  arohegonium;  c,  opening  at  the  summit;— b,  archegonium  in 
more  advanced  stage,  seen  from  above;  a  a  a  a,  ceOs  surrounding  the  base  of  the  cavitv 
b,  c,  d,  successive  layers  of  cells,  the  highest  enclosing  a  quadrangular  orifice-— c  vertical 
section  at  the  tune  of  impregnation;  a  a,  cavity  contauiing  the  germ-eeU;  b  b,  wa'Us  of  the 
archegonium,  made  up  of  the  lour  layers  of  ceUs,  b,  c,  d,  e,  and  having  an  opening  on  the  sum- 
mit at/;  c  c,  spiral  hlaments;  g,  large;  extremity,  enclosing  antherozoid,  k;  its  thread-hke 
portion  h  lymg  m  the  canal  of  the  archegonium,  and  its  small  end  i  dilated  into  a  globular  form 
and  m  contact  with  the  germ-cell. 


occupying  a  different  position;  thus  in  the  bilobed  frond  of  Pteris  serrvlata, 
they  are  seen  near  the  median  indentation  (Fig.  209,  d,  d).  The  number 
of  these  bodies  seems  indeterminate;  sometimes  only  three,  in  other  in- 
stances as  many  as  eight  or  inore,  being  seen  in  prothallia  of  the  same 
species.  Each  of  them  at  its  origin  j^resents  itself  only  as  a  slight  eleva- 
tion of  the  cellular  layer  of  the  prothallium,  within  wliich  is  a  large  inter- 
cellular space,  containing  a  peculiar  cell  (Fig.  211,  a,  a),  and  ojoening 
externally  by  an  orifice  (c)  at  the  summit  of  the  projection;  but  when 
fully  developed,  it  is  composed  of  from  ten  to  twelve  cells,  built-up  in 
layers  of  four  cells  each,  one  ujDon  another  (b),  so  as  to  form  a  kind  of 
column  (c),  having  a  central  canal  which  leads  down  to  the  cavity  at  its 
base.  The  subseqiient  history  of  this  body  shows  that  it  is  to  be  consi- 
dered as  an  archegonium  or  female  organ;  and  that  the  j)eculiar  cell 
contained  in  the  cavity  at  its  base  is  to  be  regarded  as  a  '  germ-cell '  or 
'  embryonal  vesicle.'  As  the  develoj)ment  of  the  archegonium.  is  titking 
place,  it  appears  that  certain  of  the  spiral  filaments  or  '  antherozoids,'  set 

*  The  discovery  of  these  antheridia  in  the  '  pro-embryo'  of  Ferns  was  first  made  by  M. 
Naegeli  in  1846.  He  gave  an  accurate  account  of  the  production  of  the  spiral  filaments, 
but  entirely  overlooked  the  '  archegonia'  (presently  to  be  described),  which  he  seems  to  have 
regarded  as  antheridia  in  a  different  grade  of  development. 
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free  from  tlie  anthericlia,  penetrate  into  its  cavity;  and  that  one  of  these 
comes  into  peculiar  relation  with  the  embryonal  vesicle  by  its  smaller 
extremity  (c  i),  which  cUlates  into  a  globular  form,  and  becomes  detached 
from  the  remainder  of  the  filament.  The  whole  of  the  filament,  as  it  lies 
in  the  canal  of  the  archegonium,  is  seen  to  have  enlarged  considerably, 
probably  by  the  absorption  of  mucus  whilst  it  traverses  the  under-side  of 
the  prothalHum.  The  contact  of  the  dilated  end  of  the  '  antherozoid' 
with  the  '  germ-cell,'  or  embryonal  vesicle,  appears  to  constitute  an  act 
of  fecundation,  precisely  equivalent  in  all  essential  particulars  to  the  '  con- 
juf'ation'  of  the  Protophyta;  and  as  the  result  of  this  fecundation,  a  new 
body,  the  primordial  cell  of  the  true  embryo,  makes  its  appearance  in 
the  'interior  of  the  embryonal  vesicle. 

496.  The  germ  has  at  first  a  globular  form,  and  consists  of  a  homoge- 
neous mass  of  minute  cells 
(Fig.  212,  A,  a),  formed  by 
the  subdivision  of  the  pri- 
mordial embryo-cell;  but  as 
its  development  proceeds, 
rudiments  of  special  organs 
begin  to  make  their  appear- 


FiG.  212. 


ance;  it  grows  at  the  ex- 


Development  of  the  Embryo  otFolypodium  aureum : — A,  arche- 
goniimi  sometime  after  fertilization,  containing  the  germ-ceU 
A,  within  which  is  seen  the  globular  embryonic-mass  a  ;  at  b,  c,  d, 
are  shown  the  contracted  cells  of  the  archegonium,  and  at /"the 
opening  at  its  simimit :— b,  embryo  much  further  advanced,  and 
emerging  from  the  archegonium ;  a,  leaf;  t,  root ;  c  e,  d,  frag- 
ments of  the  archegonium;  e,  hairs,-/,  first  spiral  vessels;  A,  leaf- 
stalk; i,  termiaaJ  bud  or  grovfing-point ;  k,  root-sheath;  l,m, 
portion  of  prothallimn  supporting  the  embryo. 


pense  of  the  nutriment  pre- 
pared for  it  by  the  'pro- 
thallium;'  and  it  soon  bursts 
forth  fi'om  the  cavity  of  the 
archegonium,  which  organ, 
in  the  meantime,  is  becom- 
ing atrophied.  In  the  very 
beginning  of  its  develo^D- 
ment,  the  tendency  is  seen 
in  the  cells  of  one  extre- 
mity to  grow  upwards,  to 
form  the  stem  and  leaves; 
and  in  those  of  the  other 
extremity  to  grow  down- 
wards, to  form  the  root. 
The  condition  of  the  embryo  when  these  parts  are  first  distinctly  evolv- 
ing themselves,  and  its  relation  to  the  prothallium,  are  shown 
Fig.  212,  b;  in  which  we  see  the  rudiment  of  the  first  leaf  at  a,  some 
of  the  hairs  upon  its  surface  at  e,  the  first  cells  of  the  leaf-stalk  at  h,  those 
of  the  terminal  bud  or  '  growing-point '  of  the  stem  at  i,  those  of  the 
root  at  h,  those  of  the  prothallium  at  I  m,  and  the  fragments  of  the 
archegonium  at  c  c  and  d.  Already  spiral  vessels  begin  to  show  them- 
selves, as  at/ — The  fru-ther  progress  of  this  germination  may  be  readily 
apprehended.  When  the  true  root  has  been  sufficiently  evolved  to  serve 
for  the  absoi-ption  of  fluid  nutriment,  and  the  first  true  frond  has  been 
expanded  to  the  ail',  so  that  the  young  plant  can  elaborate  its  own 
alimentary  materials,  the  prothalKum,  whose  function  is  now  discharo-ed 
decays  away.  The  axis,  elongating  itself  upwards  to  form  the  stem  o-ives 
off  successive  leaves;  and  some  or  all  of  these,  when  fully  evolved  *bear 


in 
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the  son,  or  clusters  of  thecce,  which  produce  a  new  brood  of  spores.*— 
Besides  this  method  of  multiplication,  some  Ferns  possess  another,  which 
corresponds  with  the  formation  of  free  gemmae  in  the  Marchantia;  bulbels 
being  formed  from  the  tissue  of  the  leaves,  either  on  the  surface  or  in 
the  angles  of  the  lobes;  and  then  dropping-olF  and  becoming  independent 
plants. 

497.  Thus  the  history  of  the  Fern  presents  us  with  a  very  character- 
istic example  of  the  so-called  "  alternation  of  generations and  one,  too, 
which  remarkably  illustrates  the  general  principle  which  has  been  already 
laid-down  (§  478)  with  regard  to  the  true  nature  of  this  alternation. 
Starting  from  the  spore,  we  must  consider  each  prothallium  as,  properly 
speaking,  a  distinct  'phytoid'  (§  480)  j  it  is  completely  independent  of  the 
plant  from  which  the  spore  was  detached;  and  it  obtains  and  elaborates 
its  own  nutriment.  The  Kfe  of  the  prothallium  terminates,  however,  with 
the  evolution  of  the  young  Fern,  which  is  produced  from  it  by  a  tme 
process  of  sexual  generation :  whilst  the  Fern,  when  fully  evolved  as  such, 
gives  origin  to  a  new  series  of  prothallia  by  the  process  of  sporuUferous 
gemmation,  and  dies  without  having  reproduced  its  kind  in  any  other 
way.  Thus,  between  each  two  generations  of  true  Ferns,  a  prothallium 
intervenes,  springing  from  the  first  by  gemmation,  and  giving  origin  to 
the  second  by  true  sexual  reproduction;  and  in  like  manner,  between 
each  two  generations  of  prothallia,  there  is  a  true  Fern,  originating  in  the 
sexual  operations  of  the  one,  and  producing  the  other  by  gemmation. 
Hence  in  the  case  before  us,  we  have  a  complete  exemplification  of  the 
general  fact,  that  the  so-called  '  generations'  are  not  related  to  one  another 
in  the  same  way;  but  that  whilst  their  relationship  is  in  the  one  case 
that  of  offspring  to  parent,  it  is  in  the  other  that  of  ofiset  to  stock.  The 
latter  cannot  be  legitimately  held  to  constitute  a  distinct  '  generation,'  if 
that  term  be  used  in  the  signification  in  which  it  has  until  recently  been 
ordinarily  understood  in  physiology, — namely,  the  production  of  a  new 
being  by  sexual  union.  And  if  we  carefully  examine  the  case  before  us, 
we  shall  see  how  little  claim  the  prothallium  has,  to  be  considei'ed  as  a 
*  generation'  distinct  from  that  of  the  Fern  which  produces  the  original 
spore.  For  let  it  be  supposed  that  the  prothallium,  instead  of  being  cast- 
off  from  the  Fern  in  the  state  of  sj)ore,  had  been  developed  in  continuity 
with  it  (as  we  shall  find  its  equivalent  to  be  in  the  Conifer ce,  §  501),  we 

*  The  discovery  of  the  archegonia  and  of  their  contained  germ-cells,  of  the  fecundation 
of  these  by  the  spermatic  filaments,  and  of  the  true  relation  of  the  young  Fem  to  the  pro- 
thallium, is  due  to  Count  Leszczyc-Suminski,  whose  very  beautiful  Monograph  "  Zur  Ent- 
•wickelungs-Geschichte  der  Farmkriiuter,"  published  at  Berlin  in  1848,  also  contains  a 
much  more  elaborate  history  of  the  development  of  the  young  Fern,  than  had  been  pre- 
viously given.  In  one  point,  however,  he  seems  to  be  undoubtedly  in  error;  viz.,  in 
having  considered  the  primordial  cell  of  the  embryo  to  have  originated  ia  the  dQated 
extremity  of  the  antherozoid,  instead  of  being  a  new  formation  within  the  germ-cell. — In 
the  Eeport  upon  Count  Suminski's  observations,  presented  to  the  Berlin  Academy  by  Dr. 
Miinter,  he  states  that  a  part  of  the  fertilizing  process  above  described, — namely,  the  pene- 
tration of  the  moving  filaments  into  the  orifice  of  the  archegonium, — ^has  been^  repeatedly 
witnessed  by  himself  and  Prof.  Link ;  but  it  appeared  to  them  that  the  antherozoids  resolved 
themselves  into  "little  heaps  of  mucus"  after  their  motion  had  ceased.  Whichever  state- 
ment is  the  true  one  (and  the  latter  is  in  veiy  curious  accordance  -vvith  the  observations  of 
Mr.  Newport  upon  the  fertilization  of  the  ovum  of  Frogs,  §  526),  the  essence  of  the  matter 
remains  the  same;  for  in  either  case,  the  contents  of  the  sperm-cells  and  those  of  the  germ- 
cells  are  brought  into  mutual  relation. 
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should  then  have  distinctly  recognized  it  as  part  of  the  true  generative 
apparatus  of  the  Fern  itself,  like  the  flower  of  the  Flowering-plant;  the  germ 
being  the  product  of  the  joint  action  of  the  'sperm-cells'  and  the  '  germ- 
cells°which  both  alike  contain.  That  the  embryonal  vesicle  in  the  Fern 
lies  naked  in  the  cavity  of  the  archegonium,  from  the  walls  of  which  is  sup- 
plied the  nourishment  which  it  imbibes, — ^whilst  in  the  Phanerogamia  it 
is  surrounded  Avith  a  mass  of  nutriment  prepared  and  stored-up  there 
before  its  impregnation, — seems  to  constitute  the  most  important  difier- 
ence  in  the  conditions  under  which  the  germ  is  developed  in  the  two 
groups  respectively;  and  this  difference,  however 
valuable  in  a  systematic  arrangement  of  Plants,  as 
serving  for  the  separation  and  definition  of  these 
groups,  cannot  be  considered  as  having  any  funda- 
mental importance  in  a  physiological  point  of  view. 
Now  as  the  development  of  the  generative  appara- 
tus is  necessary  to  oiu-  idea  of  a  perfect '  individual,' 
we  must  regard  the  evolution  of  the  prothallium 
as  really  completing  the  preceding  Fern-generation, 
instead  of  constituting  an  entirely  new  one;  unless 
we  are  prepared  to  go  so  far  as  to  maintain  that  the 
fact  of  its  detachment  gives  it  a  title  to 


Fia.  213. 


mere 


the  appellation  '  new  generation,'  which  would  be 
to  extend  very  widely  the  usual  acceptation  of  the 
term, 

498.  The  little  group  oiEquisetacece  seems  nearly 
allied  to  the  Ferns  in  the  type  of  its  Generative 
apparatus,  although  that  of  its  vegetative  portion  is 
very  difierent ;  for  whilst  the  development  of  the 
^eo/"  preponderates  in  the  latter,  it  is  the  stem  with, 
its  ramifications  which  constitutes  the  chief  part  of 
the  spore-bearing  plant  in  the  former.  The  fracti- 
fication  forms  a  sort  of  cone  or  spike  at  the  extre- 
mity of  certain  of  the  branches  (Fig.  213,  a,  b)  ;  and 
consists  of  a  cluster  of  peltate  (shield-Uke)  disks,  each, 
of  which  (c)  carries  a  circle  of  thecse  or  spore-cases, 
that  open  by  longitudinal  slits  to  set  free  the  spores. 
Each  of  these  bodies  (d)  has  attached  to  it  a  pair 
of  elastic  filaments,  wliich  are  set  in  motion  by  the  slightest  application 
of  moistm-e ;  these  are  formed  as  spiral  fibres  on  the  interior  of  the  waU 
of  the  primary  cell  within  which  the  spore  is  generated,  and  are  set  free 
by  its  rupture ;  and  their  function  is  doubtless  to  assist  in  the  dispersion 
of  the  spores.  The  development  of  the  spores  takes  place  in  a  manner 
essentially  the  same  as  that  of  the  spores  of  Ferns,  a  prothallium  being 
first  evolved,  and  antheridia  and  archegonia  being  produced  from  this ; 
it  may  be  reasonably  surmised,  therefore,  that  the  process  of  fecundation 
is  the  same,  and  that  the  spore-bearing  plant  which  arises  from  the  pro- 
thallium is  its  real  generative  ofi'spring,  instead  of  being  a  later  phase  of 
its  own  development.* 


Fructification  o{  Equisetum 
ai'vense: — A,  spike;  B,  section 
of  its  fertile  termination ;  c, 
sporangia;  d,  spore. 


*  See  Hofmeister,  Op.  cit.,  p.  89,  et  sea. 
Botan.,  Tom.  XVI.,  p.  31. 
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499.  Among  certain  of  the  Lycopodiacece,  a  marked  difference  presents 

itself  in  the  mode 


Fia.  214. 


Generation  of  Lyeopodiacem: — A,  interior  of  large  spore  ot  Selaginella 
Martensii,  showing  the  young  prothallium  at  the  upper  end: — B,  vertical 
section  of  prothaUium  and  upper  half  of  large  spore  ot  Selaginella  denticu- 
lata,  showing  several  archegonia :— c,  an  archegonium  of  S.  Martensii, 
with  its  contained  germ-cell; — D,  archegonium  of  S.  denticulata  just 
impregnated,  with  its  embryo-cell  di^dding  into  two ;— E,  an  archegonium 
seen  from  above : — vertical  section  of  prothaUium,  and  upper  part  of 
the  large  spore  of  S.  denticulata,  in  a  more  advanced  stage;  the  embryo 
developed  from  one  of  the  archegonia  having  become  imbedded  by  do\vn- 
ward  growth  in  the  cellular  tissue  filling  the  upper  part  of  the  cavity  of 
the  spore  — G,  young  embryo  breaking  thi-ough  the  prothaUium,  and  pro- 
truding its  bud  from  the  spore  :— H,  smaU  spore  (anthendium)  of /S.  hel- 
vetica, bursting  and  discharging  ceUules  containing  antherozoids. 


in  which  the  Gene- 
rative act  is  per- 
fonned.  In  Selagi- 
nella and  its  allies, 
two  kinds  of  fructi- 
fication are  found; 
one  consisting  of 
two-valved  capsules 
containing  a  large 
number  of  what  are 
commonly  designat- 
ed as  '  small  spores,' 
whilst  to  the  other 
belong  certain  bo- 
dies termed  'ooplio- 
ridia,"  each  of  which 
produces  four  'large 
spores.'  The  small 
spores  are  really 
'sperm  -  cells;'  for 
each  includes  a  mul- 
titude of  secondary 
cells,  every  one  of 
which  contains  an 
'  antherozoid'  (Fig. 
214,  h):  hence  the 
capsules  from  which 
they  are  evolved  are 
trueantheridia.  The 
'  antherozoids'  are 
not  set  free,  by  the 


rupture  of  their  containing  cells,  tmtil  some  time  after  their  emission  from 
the  antheridia ;  and  in  the  mean  time,  each  of  the  larger  spores  gives  origin 
to  a  cellular  expansion  (a)  or  prothallium,  from  which  are  soon  developed 
archegonia  (b)  closely  resembling  those  of  the  Ferns,  each  having  a  free 
embryonal  vesicle  (c)  lying  in  a  cavity  to  which  a  passage  leads-do^vn  from 
the  quadrifid  papUla  (d)  at  its  summit.  It  may  be  presumed  that  the 
process  of  fecundation  is  the  same  as  in  Ferns;  for  two  new  cells  (d)  soon 
take  the  place  of  the  original  germ-cell;  these  divide  and  extend  them- 
selves into  a  cellular  mass  (f),  wliich  is  at  first  imbedded  in  the  substance 
of  the  prothallium,  but  which  soon  pushes-upwards  a  bud  (g),  and  at  the 
same  time  transmits  a  radicle  downwards,  bursting  thi^ough  the  prothal- 
Hum  which  speedily  disappears.— In  the  Lycopodmm  itself,  however,  and 
in  some  other  members  of  this  family,  only  one  Hnd  of  spore  (apparently 
most  resembling  the  '  small  spore'  of  SelagineUa),  has  been  yet  discovered ; 
and  it  is  suggested  by  Hofmeister  (to  whom  we  owe  the  discovery  of  the 
true  nature  of  the  generative  process  m  the  Selagmella)  that  the  process  is 
here  analogous  to  that  which  takes  place  in  the  Ferns;  the  spore  evolving 
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archegonia 


are  put 


215. 


Vertical  and  transverse  sections  of 
Sporocarp  of  Marsilea  quadrifolia. 


FlO.  216. 


a  prothallium,  from  wliicli  both,  antheridia  and 

foi-th.*  ^       .      .        ^  , 

500.  The  manner  in  which  the  Generative  function  is  performed  m 
the  little  gi'oup  of  Marsileacece  (Rhizocai-pese)  presents  so  many  points  of 
apparent  resemblance  to  that  which  is 
characteristic  of  Phanerogamia,  that  many 
Botanists  (among  them  Schleiden)  have 
transfen-ed  them  from  the  Cryptogamic  to 
the  Phanerogamic  division  of  the  Vegetable 
kingdom.  It  has  been  shown  by  Hofmeister, 
however,  that  the  generation  of  these  plants 
corresponds  in  the  most  essential  particulars 
with  that  of  Lycopodiacese.  Their  fructifi- 
cation usually  consists  of  two-valved  bodies 
termed  sporocarps ;  which,  when  cut  open, 
ai-e  found  to  include  a  number  of  larger 
and  smaller  capsules  in  close  approximation 

(Fig.  215).  The  smaller  capsules  are  'antheridia;'  for  the  small  spores 
which  they  set  free  on 
the  dehiscence  of  the 
fruit,  themselves  give 
exit  to  secondary  cells, 
each  containing  an  '  an- 
therozoid.'  On  the  other 
hand,  the  larger  capsules 
ai-e  '  oophoridia  j'  for  the 
'large  spores'  which  they 
give  out,  and  which  at 
fu'st  contain  nothing  but 
starch  and  oil-globules, 
gradually  become  filled 
with  cells  constituting 
a  'prothallium.'  Erom 
each  prothallium,  only  a 
single  archegonium,  with 
its  contained  germ-cell 
is  developed ;  and  this 
projects  at  an  aperture 
formed  by  the  se^Jaration  '  ' 

of  the  spore-coats  at  that  .  ^  ^  ° 

point,  its  extremity  being   '5™^«o'iof  in  tlu-ee  successive  stages,  A,  B,  c. 

a  quadiifid  papilla,  down  the  centre  of  which  the  fecundating  antherozoid 
can  find  its  way  to  the  germ-cell  within. t  The  embryo  is  developed 
within  the  germ-cell,  as  an  entirely  new  formation;  and  the  manner  in 
which  it  is  connected  with  the  '  large-spore'  (Fig.  216,  a),  strongly  reminds 
the  observer  of  the  germination  of  a  Phanerogamous  plant.  The  first 
leaves  of  a  Marsilea  that  are  put-forth,  are  of  very  simple  form  (a)  ;  in 
the  next  stage  (represented  on  a  smaller  scale  at  b),  some  of  the  leaves' are 

*  Op.  cit.,  p.  Ill,  c<  seq. 

+  See  Hofmeister,  Op.  oit.,  p.  103,  et  seq.— The  four  cells  of  the  archegonium  surround- 
ing the  central  canal  were  mistaken  by  Schleiden  for  pollen-tubes. 
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bifid ;  and  in  a  tliird  stage  (c),  the  quadrifid  division  cliai^acteristic  of 
the  perfect  plant  (Fig.  31)  begins  to  sliow  itself. — It  lias  been  long  since 
experimentally  proved,  that  germination  "will  not  take  place  from  the 
'  large-spores,'  unless  the  '  small  sjiorcs'  are  present ;  so  that  the  relative 
sexual  nature  of  the  'antheridia'  and  the  'archegonia'  may  be  considered 
to  be  in  this  instance  beyond  reasonable  doubt. 

501.  The  recent  researches  of  Hofmeister*  upon  the  Gymnosperimof 
(Conifers  and  Cycads),  which  confirm  and  extend  the  results  previously 
obtained  by  Dr.  Robert  Brown,  show  that  this  group  holds  a  position 
which  is  most  curiously  intermediate  between  the  Lycopodiacese  and  the 
ordinary  (Angiospermous)  Phanerogamia.  The  bodies  concerned  in  the 
generative  process  are  developed  in  distinct  organs,  wliich,  whilst  possess- 
ing the  essential  parts  of  the  'flower'  of  ordinary  Phanerogamia,  have 
no  resemblance  to  it  in  appearance.  The  '  sperm-cells'  are  now  evolved 
as  'pollen-grains'  (§  503),  diflfering  essentially  from  the  sperm-cells  of 
Cryptogamia,  in  the  mode  in  which  they  impart  their  fecundative  influ- 
ence to  the  'germ-cells  j'  they  are  developed,  however,  not  in  a  proper 
'anther,'  but  in  the  substance  of  a  body  that  retains  in  some  degree  the 
leafy  type  ;  and  an  assemblage  of  such  bodies  forms  the  '  catkin.'  The 
(so-called)  'ovules,'  on  the  other  hand,  are  developed  from  carpellaiy 
leaves  which  do  not  close-in  around  them ;  and  it  is  of  an  assemblage  of 


Fig.  217. 


Generative  Apparatus  of  Qymnospermia:~-K,  vertical  section  of  youna;  oviUe  oi  Pimit; 
a  nucleus -i  embryo-sac  :--b,  vertical  section  of  more  advanced  ovule;  J,  embryo-sac  filled  with 
ceUular  tissue;  e,  pollen-tubes  penetrating  the  nucleus ;  c,  portion  of  embryo-sac  and  upper 
Bart  of  the  nucleus;  h,  embryo-sac;  c,  pollen-tube  traversing  the  tissue  of  the  nucleus  a; 
d  coi-nuscles:-D,  vertical  section  of  corpuscle  of  ^i^es,  just  npe  for  impregnation;  b,  tissue 
miinVembryo-sac;  e,  two  of  the  four  ceUs  between  which  the  poUen-tube  passes;  d,  free  cells 
inVavit^of  corpuscle  :-E,  vertical  section  of  corpuscle  of  Pinus,  at  which  the  poUeu-tube,  c, 
has  iust  arrived;  d,  free  ceUs  in  cavity  of  corpuscle ;  /,  embryonal  vesicle:— o,  i,  k,  pro- 
Xiive  stages  of  development  of  suspensors  of  Pi««.:-L  suspensor  just  before  separating: 
-M,  the  same  detached  below  :-N,  a  suspensor  (three  bemg  cut  away)  somewhat  further 
advanced,  with  rudimentary  embryo,  g,  at  its  base. 

these  leaves,  which  usually  degenerate  into  scales,  that  the  'cone'  so 
characteristic  of  this  gTOup  is  composed.  The  'oviile  of  the  Gymno- 
sperme^  corresponds  in  every  essential  particular  with  the  large  spore 

*  Op.  cit,  p.  126,  d  seq. 
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of  the  Lycopocliacese;  for,  at  the  time  when  the  pollen  is  shed,  there  is  in 
it  no  <Term-ccU  ripe  for  impregnation ;  but  germ-cells  are  subsequently 
evolved  in  its  interior,  from  a  preliminary  growth  which  is  homologous 
to  the  'prothalliiun'  of  the  higher  Cryptogamia,  and  withm  organs  cor- 
responding to  their  'archegonia.'  The  interior  of  the  ovule  is  at  first 
filled  with  a  mass  of  cells  forming  the  'nucleus'  (Fig.  217,  A,  a),  m  the 
midst  of  which  there  is  seen  a  peculiar  cell  (b),  which  is  termed  the 
'  embryo-sac'  Tliis  enlarges,  and  becomes  filled  with  ceUs  by  free  cell 
formation  ;  thus  forming  an  'endosperm,'  which  occupies  a  considerable 
part  of  the  interior  of  the  ovule  (b,  b).  At  this  time,  the  pollen-tubes 
usually  begin  to  insinuate  themselves  into  the  tissue  forming  the  apex  of 
the  nucleus,  having  passed  thi'ough  the  open  canal  (micropyle)  at  the 
summit  of  the  ovule  (b,  c).  Certain  of  the  cells  at  this  end  of  the 
endosperm  (prothallium)  then  enlarge,  and  develope  themselves  into  the 
bodies  that  have  been  termed  'cori3uscles  j'  the  number  of  which,  in  each 
ovule  is  usually  from  three  to  five  (c,  d).  The  summit  of  each  corpuscle 
(seen  in  section  at  D,  e)  is  a  quadrifid  papilla,  formed  of  four  cells  sur- 
roimding  an  iaterceUular  passage,  just  as  in  the  archegonium  of  Selagi- 
neUa  (Fig.  214,  e)  j  its  interior  is  occupied  by  loosely  arranged  free-cells 
(d,  d),  but  at  the  bottom  of  its  cavity  is  observed  a  large  and  peculiar 
cell,  the  'embryonal  vesicle.'  The  pollen-tube  at  last  finds  its  way 
down  to  the  summit  of  the  'corpuscle'  (e,  c);  and  soon  afterwards 
the  embryonal  vesicle  (/)  becomes  greatly  enlarged,  and  a  free  cell  is 
formed  in  its  interior  (f).  This  cell  first  divides  by  a  vertical  septum 
into  two  collateral  cells  (g)  ;  and  these  again,  by  another  vertical  septum 
at  right  angles  to  the  first,  into  four ;  and  these  are  again  divided  by  a 
cross-partition,  so  as  to  form  a  pro-embryo  composed  of  eight  cells  (h). 
The  four  lower  cells,  which  become  detached  one  from  another,  develoj)e 
themselves  by  duplicative  subdivision  into  as  many  rudimentary  em- 
bryoes.;  whilst  the  foui-  upper,  multiplying  longitudinally,  and  becoming 
greatly  lengthened,  form  the  'suspensors,'  whose  growth  carries  down- 
wards the  rudimentary  embryoes  at  its  lower  end,  into  the  substance  of 
the  nucleus  (i — m).  Of  these  four  embryoes,  three  are  subsequently 
arrested  in  their  development ;  so  that  only  one  is  found  in  the  mature 
seed.  This  process  occupies  an  unusually  long  period;  the  seed  not 
being  ripened,  in  many  Coniferfe,  in  less  than  two  years. — The  apparent 
complexity  of  this  process  in  Gymnosj)erme8e,  as  compared  with  the 
simpler  type  of  its  performance  in  the  Angiospermous  Phanerogamia, 
will  be  found  to  consist  merely  in  the  preliminary  development  of  the 
'endosperm,'  with  its  '  corpuscles,' within  the  embryo-sac  j  this  being  inter- 
posed (as  it  were),  Uke  the  development  of  the  prothallium  and  archegonia 
in  the  higher  Cryptogamia,  previously  to  the  evolution  of  the  'embryonal 
vesicle,'  which  is  elsewhere  a  primary  formation  within  the  embryo-sac. 

502.  The  mode  in  which  the  Generative  function  is  performed  in 
Phanerogamia  generally,  has  been  the  subject  of  a  vast  amount  of  discus- 
sion within  the  last  few  years;  but  in  regard  to  its  main  points  there  is 
now  so  close  an  agreement  among  a  large  number  of  careful  and  con- 
scientious observers,  that  the  continued  dissent  of  a  few  can  scarcely  be 
admitted  as  invalidating  the  accuracy  of  their  conclusions.* — The  general 

*  The  most  important  qiiestiou  on  whicli  there  is  a  discordance  of  opinion,  is  that  of  the 
origin  of  the  embryo ;  for  whilst  the  doctrine  first  advanced  by  Amici,  that  it  is  evolved 
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structure  and  arrangement  of  the  sexual  organs  having  been  ah-eady 
desciibed  (§  30),  we  have  now  only  to  consider  tlie  details  of  the  opera- 
tions of  which  they  are  the  instrviments. 

503.  The  germ-cells,  now  distinguished  as  pollen-grains,  are  developed 
within  the  j^f^-renchyma  of  the  leaf-like  organ  that  is  subsecpicntly  to 
become  the  '  anther,'  by  a  curious  process,  which  seems  to  indicate  the 
necessity  for  a  special  elaboration  or  preparation  of  their  contents. 
According  to  Mr.  Henfi-ey,*  the  first  stage  is  the  development  of  new 
cells  within  those  of  the  ordinary  parenchyma ;  the  wall  of  each  of  these 
new  cells  enclosing  the  entii'e  contents  of  that  within  which  it  is  formed, 
and  the  young  cell  thus  entirely  filling  the  original  cavity.  When  the 
young  cell  is  completely  formed,  the  wall  of  the  cell  that  enclosed  it 
decays-away,  leaving  the  young  cell  fi^ee ;  and  this  is  now  known  as  one 
of  the  'parent- cells'  of  the  jDollen.  The  protoplasma  of  each  of  these 
parent-cells  then  divides  into  two,  and  then  into  four  portions ;  so  that 
two  septa^  generally  crossing  at  right  angles,  are  found,  dividing  the 
original  cavity  into  four  cells,  each  of  which  generally  has  the  form 
of  a  quarter  of  a  sphere.  Within  every  one  of  these  cells,  termed  by 
Mr.  Henfrey  the  'special  parent-cell,'  a  new  cell- wall  is  developed  around 
its  contents ;  and  this  new  cell,  the  '  pollen-grain,'  is  afterwards  left  free 
by  the  dissolution  of  the  walls  of  the  '  parent-cells'  and  of  the  'special- 
parent-cells,  '  within  which  it  was  enclosed. — The  pollen-grain,  like  other 
cells  (§  347),  possesses  two  envelopes,  of  which  the  inner  one  is  extremely 
delicate,  whilst  the  outer  is  firm  and  resisting,  in  virtue  of  the 
peculiar  deposit  which  takes  place  upon  it  while  yet  within  the  poUen- 
cell.     This  deposit  frequently  forms  prominent  ridges,  wlaich  may  cross 

from  an  '  embryonic  vesicle'  contained  within  the  embryo-sac,  has  been  confirmed  by  the 
observations  of  Mohl,  Karl  Miiller,  Hofmeister,  Tulasne,  and  Henfrey,  the  assertion  of 
Schleiden,  that  it  is  developed  within  the  extremity  of  the  pollen- tube  has  received  the 
support  of  his  pupil  Schacht,  and  of  some  others  of  less  note.  Although  the  Author  has 
not  himself  made  this  question  the  subject  of  personal  investigation,  yet  looking  on  the  one 
hand  to  the  very  high  character  of  the  observers  who  have  confirmed  Amici's  statements, 
and  considering,  on  the  other,  the  large  number  of  instances  in  which  the  statements  of  Prof. 
Schleiden  have  had  to  be  set  aside,  he  can  entertain  no  hesitation  as  to  the  truth  on  this 
point.  The  following  are  the  principal  memoirs  which  those  who  desire  more  detailed 
information  on  this  subject  should  consult :— Prof.  Amici  '  On  the  FertiUzation  of  OrcU- 
daceaV  translated  in  "Ann.  desSci.  Nat.,"  S6r.,  Botan.,  Tom.  VII.,  p.  193;  Von  Mohl 
'  Ueber  Entwickelung  des  Embryo  von  Orchis  Morio,'  in  "  Botan.  Zeitung,  July  2,  184 1 , 
translated  in  "Ann.  des  Sci.  Nat.,"  3<=  Ser.,  Botan.,  Tom.  IX.,  p.  24;  Karl  Miiller, 
'Beitrage  zur  Entwickelungs-geschichte  des  Pflanzen-embryo,'  in  "  Botan.  Zeitung, 
Oct  15  22,  29,  1847,  translated  in  "Ann.  des  Sci.  Nat.,"  Z"  Ser.,  Botan.,  Tom.  IX., 
p  33  •  Hofmeister  '  Untersuchungen  des  Vorgangs  bei  der  Befructung  der  (Enotheren,  m 
"Botan.  Zeitung,"  Nov.  6,  1847,  translated  in  "Ann.  des  Sci.  Nat.,"  3^  Ser.  Botan.,^ 
Tom  IX  p  65-  also  'On  the  Development  of  Zostera,'  in  "Botanisclie  Zeitung, 
Feb  13  20  1852,' translated  in  "Taylor's  Scientific  Memoirs,"  Nat.  Hist.,  1853,  p.  239; 
Tulasne' 'Etudes  d'Embryogenie  Vegetale,'  in  "  Ann.  des  Sci.  Nat  ''  3-=  Ser.,  Botan., 
Tnm  XTT  n  23  •  and  Henfrey  '  On  the  Reproduction  of  the  Higher  Cryptogamia  and  tlie 
Phanefogamfa,'  in'  "Ann.  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  1852,  p.  448;-on  the  other 
side,  Schleiden,  "Principles  of  Scientific  Botany"  (translated  by  Dr.  Lankester),  pp.  402, 
et  seq.-  and  Schacht,  "Entwickelungs-geschichte  des  Pflanzen-Embiyon  (Amsterdam, 
1850),  abridged  in  "Ann.  des  Sci.  Nat.,"  3"  S6r.,  Botan.,  Tom.  XV.,  p.  80 

*     Reports  of  British  Association"  for  1848 ;  Part  II. ,  p.  84.-This  account  corresponds 
with  that  of  Naegeli  in  nearly  every  essential  particular,  save  that  «.e  l^tter^^S^f^^^^^^ 
new  ceUs  as  originating  in  separate  nuclei  or  cytoblasts,  which  Mr.  Henfrey  afhrms  not  to 
be  the  case. 
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each  other  so  cOS  to  leave  reticulations  of  a  very  regular  and  beautiful 
aspect-  and  it  always  seems  to  be  thinner  than  usual  m  one  or  more 
spots  '  The  contents  of  the  pollen-grain  have  at  first  the  character  of 
the  orcUnary  protoplasma;  but  gradually  the  fluid  becomes  more  watery, 
and  the  .^ramdar  particles  more  distinct.  Of  these  particles,  some  appear 
to  be  mucilaginous,  others  to  be  oily,  and  others,  agam,  to  consist  of 
starch.  In  an  early  stage  of  the  development  of  the  pollen-cell,  a  regular 
'cyclosis'  maybe  seen  within  it;  but  this  ceases  some  time  before  its 
maturation,  and  a  mere  molecidar  movement  is  then  all  that  remains. 

504  The  ovule  is  developed  in  the  midst  of  the  parenchyma  of  the 
placmta  (which  is  the  part  of  the  carpellary  leaf  to  which  the  ovides  are 
found  attached),  and  commences  as  a  single  cell,  which,  by  successive 
subdivisions  forms  a  projecting  mass,  that  sometimes  remains  'sessile' 
upon  the  placenta,  and  sometimes  becomes  partially  detached  from  it, 
remaining  connected  only  by  a  '  peduncle.'  The  mass  of  cells  that  is  first 
formed,  is  that  which  afterwards  constitutes  the  nucleus  of  the  ovnle;  as 
its  development  proceeds,  it  becomes  enveloped  in  one,  two,  or  even 
three  coats,  which  are  formed  by  the  mnltipUcation  of  cells  that  at  first 
constitute  merely  an  annular  enlargement  at  its  base.  The  apex  of  the 
nucleus,  however,  is  never  entirely  covered-in  by  these  investments;  a 
small  apei-ture  being  always  left  through  them,  which  is  called  the  micro- 
pyle.  In  the  interior  of  the  nucleus  is  a  large  cavity,  which  appears  to  be 
formed  by  the  enlargement  of  one  of  its  cells,  that  grows  at  the  expense 
of  the  surrounding  tissue  (Fig.  218,  a).  This  cavity,  which  is  termed 
the  embryo-sac,  is  at  first  filled  only  with  protoplasma;  but  some  little 
time  before  fecundation,  there  are  seen  in  it  a  certain  number  of  free 
cell-nuclei,  rarely  fewer  than  thi-ee,  and  frequently  more  ;  these  are 
observed  especially  near  the  apex  or  micropylar  end  of  the  embryo- 
sac  (c),  although,  when  they  are  very  numerous,  some  of  them  are  seen 
near  its  base.  Around  these  nuclei,  free  cells  of  a  spheroidal  form  are 
developed  (d),  of  which  only  one  is  usually  destined  to  be  fertilized,  and 
to  be  the  original  of  the  future  embryo;  all  the  rest  subsequently  dis- 
appearing, as  if  their  function  were  to  elaborate  or  prepare  the  nutriment 
for  the  developing  germ. — The  maturation  of  the  pollen-grains  takes 
place  contemporaneously  with  that  of  the  ovules ;  and  when  the  former 
are  set-free  by  the  rupture  of  the  anther,  they  fall  upon  the  stigma,  and 
begin  to  absorb  the  viscid  secretion  which  bedews  its  surface.*  In  con- 
sequence of  this  absorption,  the  inner  membrane  or  proper  cell-wall 
becomes  distended,  and  either  breaks  through  the  thinner  points  of  the 
external  envelope,  or  pushes  this  before  it,  so  as  to  form  one  or  more 
long  slender  projections,  which  are  known  as  the  pollen-tubes.  These 

*  In  dicecioTis  Phanerogamia,  the  transmission  of  tlie  pollen  from  the  staminiferons  to 
the  pistilliferous  individuals  is  sometimes  accomplished  by  the  wind,  and  sometimes  (as  in 
the  Fig)  by  the  agency  of  Insects.  A  very  curious  modification  of  the  ordinary  plan  is 
presented  in  the  VaUimena  spiralis;  for  whUst  its  pistilline  flowers  are  borne  on  long 
spiral  foot-stalks,  which  enable  them  to  adapt  themselves  to  varying  depths  of  the  water 
which  they  inhabit,  so  as  always  to  float  on  its  surface,  its  staminiferous  flowers  detach 
themselves  before  they  are  quite  mature,  rise  fi-eely  to  the  surface,  and  open  themselves 
amidst  the  pistilline  flowers,  which  are  fertilized  by  the  pollen  they  discharge.  This 
phenomenon  is  of  pecrxliar  interest,  from  its  relation  to  analogous  phenomena  in  the 
Animal  Kingdom  (§  546). 
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insinviate  themselves  between  tlie  loosely-aggregated  cells  of  the  style, 
and  grow  downwards  until  they  reach  its  base;   a  distance,  in  some 


Fig,  218. 


D 


Development  of  the  Embryo  of  lo"g^*ljf  ^^^^^ 
oviJe,  showing  the  embryo-sac  in  the  midst  of  granular  muc,^^^^^^^^  embrjl  sac,  >vith  the  sur- 
tho  manunillary  projection  of  the  nucleus  ;-c,  upper  Port  on  ot  the  em  .rj        ^^^^  ^^^^^ 
rounding  ceUular  tissue,  from  a  more  advanced  ^J'„f  Xe  poUeu.lube\^ 

B,  advance  of  the  poUon-tube  towards  the  '".'f f embryo  beginning 
siumnit  of  the  embryo-sac,  the  embryonal  vesicle   n  close  pioximiiy, 
to  form  within  the  embryonal  vesicle  alter  tecuudation. 
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cases  of  several  inches.  Arrived  at  the  ovarium,  they  dii-ect  themselves 
towarcS  the  micropyles  of  the  owxles;  and  entermg  these  they  make 
ttS  W  towards  the  embryo-sac,  usually  thi'ough  a  channel  iormed  by 
the  cliZLice  of  a  sort  of  cord  of  peculiar  ceUs,  that  prevrously  passed 
wTe  apex  of  the  embryo-sac  to  that  of  the  mammillary  protuberance 
of  tl  nucleS  (B,  E).  The  extremity  of  the  pollen-tube  then  impinges 
up  n  the  apei  ^f  the  embryo-sac  itself  -7,^-  PXi^ii 

sH-htlv  inwards,  so  as  to  have  given  origin  to  the  idea  that  it  enteis  its 
i^tf  There  is  not,  howeve\  any  dii'ect  communication  between  the 
c^W  of  the  pollen-tube  and  that  of  the  embryo-sac  ;  but  whatever 
aSture  may  take  place  between  their  contents,  must  occur  by  transu- 
dation through  their  respective  limitary  membranes. 

505.  It  is  in  such  an  admixture,  that  the  act  of  Fertilization  appeal^ 
essentiaUv  to  consist  j  for  soon  after  the  contact  of  the  pollen-tube  with 
the  embrVo-sac  has  taken  place,  it  becomes  apparent  that  of  the  cells 
which  the  latter  contained  is  now  imdergoing  rapid  enlargement,  and 
that  the  remainder  are  in  a  state  of  degeneration.  This  ceU,  whose 
previous  existence  appears  to  be  now  indubitably  ascertained,  and  which 
is  the  real  '  germ-cell,'  is  distinguished  as  the  emhryonal-veside ;  and  it  is 
within  this,  when  fei-tilized,  that  the  embryonic  structure  originates,  i  he 
early  processes  of  development  correspond  precisely  with  those  which 
have  been  abeady  described  as  taking-place  throughout  the  whole  ot  the 
inferior  tribes;  for  the  primordial  cell  formed  withia  the  embryonal 
vesicle  as  the  residt  of  its  fecundation,  gives  origin  by  transverse  fission 
to  a  pair;  tHs,  again,  to  four  (g);  and  so  on,  it  being  usually  m  the 
terminal  ceU  of  the  filament  so  generated,  that  the  process  of  multiplicar 
tion  chiefly  takes  place,  just  as  in  the  Confervas.  At  the  same  time,  the 
mucilaginous  matter  which  fills  up  the  embryo-sac  becomes  orgamsedand 
converted  into  loose  cellular  tissue,  which  constitutes  the  '  endosperm;' 
the  cells  being  formed  around  free  nuclei  (§  351).  As  in  most  other  cases, 
however,  in  which  this  mode  of  cell-formation  occurs,  the  tissue  thus  pro- 
duced is' very  transitory  in  its  character;  for  it  usually  deliquesces  again, 
as  the  embryonic  mass  increases  in  bulk  and  presses  upon  it ;  and  thus  the 
only  purpose  which  it  can  be  imagined  to  serve,  is  that  of  elaborating  the 
nutriment  for  the  growing  fabric,  which  may  well  be  supposed  to  need 
such  a  preparation,  in  virtue  of  its  superior  importance  and  permanence. 

506.  The  Embryo,  which  is  at  first  a  simple  filament,  usually  enlarges 
most  at  its  lower  extremity,  where  its  cells  are  often  multiplied  into  a 
somewhat  globular  mass;  of  this  mass,  however,  by  far  the  larger  pro- 
portion is  destined  to  be  evolved  into  the  cotyledons  or  seed-leaves,  whose 
function  is  limited  to  the  earliest  part  of  the  life  of  the  young  plant ;  the 
rudiment  of  the  plitmula,  which  is  to  be  developed  into  the  stem  and 
leaves,  being  at  first  scarcely  visible.  The  more  prolonged  portion,  which 
points  towards  the  micropyle,  is  the  radicle  or  rudiment  of  the  root. 
These  parts  increase  in  some  Dicotyledons,  uatil  they  have  absorbed  unto 
themselves  all  the  nutriment  contained,  not  only  ia  the  embryo-sac,  but 
also  in  the  tissue  of  the  nucleus  itself;  so  that  the  seed,  at  its  maturity, 
contains  nothing  but  the  embryo,  of  which  the  cotyledons  are  rendered 
thick  and  fleshy  by  the  amount  of  nutiitious  matter  which  they  have 
absorbed.  This  is  the  case,  for  example,  in  the  Leguminous  family  gene- 
rally, and  a  good  illustration  of  it  is  furnished  by  the  Almond  (Fig.  219, 
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B,  c);  in  such  instances,  the  remains  of  the  nucleus  and  of  the  embryo- 


Fia.  219. 


A,  Monoeotyledonous  Embryo  of  Totamogeion  perfoliatum;  r,  radicle ; 
t,  caiilicle;  g,  plumula;  e,  cotyledon; — b,  Dicotyledonous  embryo  of 
Amy gdalus  communis  (Almond),  showing  »•  the  radicle,  and  e  c  the  cotyle- 
dons ; — 0,  the  same  with  one  of  the  cotyledons  removed,  so  as  to  expose  the 
pliimula  g,  and  the  cauhcle  t,  at  the  base  of  which  is  seen  the  mark  of 
attachment  i  c  of  the  second  cotyledon. 


sac  coalesce  to  form 
an  envelope  to  the 
embryo  within  the 
proper  seed-coats. 
But  in  many  other 
plants,  the  cotyle- 
dons remain  folia- 
ceous;  so  that,  at 
the  maturation  of 
the  seed,  a  large 
proportion  of  the 
nutriment  which 
the  ovule  originally 
contained,  is  unab- 
sorbed  into  the  em- 
bryo, and  remains 
on  its  exterior,  con- 
stituting the  ^;eri- 
sperm  or  albumen. 
This  is  the  case  in 

the  seeds  of -many  Dicotyledons,  as  the  Castor-oil  and  the  Ash;  but  it  is 
universally  true  of  Monocotyledons.  The  form  which  the  embryo  pre- 
sents in  the  latter,  is  quite  different  from  that  which  it  possesses  in  the 
former;  for  the  single  cotyledon  is  rolled  round  the  plumula,  so  to  speak, 
in  such  a  manner  as  completely  to  enclose  it,  except  where  a  little  fissure 
is  left  by  the  non-adliesion  of  the  edges  of  the  cotyledon  (Fig.  219,  A,  g), 
through  which  the  plumula  subsequently  escapes.  This  arrangement  is 
quite  conformable  to  the  relation  which  exists  between  the  stem  and  all 
the  subsequent  leaves  of  Monocotyledons  in  general ;  for  they,  too, 
ensheath  the  axis  at  their  base,  as  is  well  seen  in  the  Grasses. 

507.  The  Seed,  when  completely  matured,  becomes  detached  fi-om  the 
placenta,  and  is  set  free  by  the  opening  of  the  seed-vessel.  In  this  con- 
dition it  may  remain  for  a  great  length  of  time,  in  a  state  of  complete 
inaction,  without  the  loss  of  its  vitality,  provided  tliat  it  be  secluded  from 
influences  which  would  either  force  it  into  growth,  or  tend  to  occasion 
its  decomposition ;  and  in  fact,  this  period  of  '  dormant  vitality'  may  be 
protracted,  in  the  case  of  many  seeds,  to  an  extent  to  which  there  seems 
no  limit.  (See  General  Physiology.) — The  conditions  which  are  abso- 
lutely requisite  for  the  Germination  of  seeds,  are  water,  oxygen,  and  a 
certain  amount  of  warmth  j  and  the  process  is  favoured  by  the  absence  of 
light.  When  the  seed  imbibes  moisture,  the  embryonic  tissue  swells, 
and  the  radicle  is  advanced  towards  the  micropyle,  whilst  at  the  same 
time  the  seed-coats  are  commonly  ruptured  by  the  internal  distension. 
During  these  processes,  certain  chemical  changes  take  place  in  the  starchy 
matter  contained  in  the  perisperm  or  absorbed  into  the  cotyledons,  in. 
virtue  of  which  it  is  converted  into  a  saccharine  compound,  probably  to 
be  blended  with  albuminous  matter  to  form  a  protoplasma  for  the 
nutrition  of  the  growing  tissue;  and  these  changes  involve  the  pro- 
duction of  a  certain  amoimt  of  carbonic  acid,  by  the  union  of  the  carbon 
of  the  seed  with  atmospheric  oxygen  (§  274).    Hence  it  is  that  oxygen. 
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as  well  as  water,  is  required  as  a  condition  of  this  process ;  and  tliat  light 
is  rather  injurious  than  beneficial,  since  it  tends  to  fix  the  carbon  in  the 
vegetable  tissues.  This  conversion  is  effected  by  the  instrumentality  of  the 
diastase  stored-up  in  the  seed  {\  360).  Whilst  thus  living  upon  organic 
compounds  previously  elaborated  by  an  agency  other  than  its  ow, 
thriving  best  in  the  dark,  and  imparting  to  the  air  a  large  quantity  of 
carbonic  acid,  the  germinating  plant  may  be  regarded  as  physiologi- 
cally very  much  in  the  condition  of  a  Fungus. — The  radicle,  however, 
becoming  prolonged  by  the  imbibition  of  water  and  by  the  formation  of 
new  tissue  at  its  extremity,  tends  to  grow  downwards  into  the  soil;  a,nd 
the  phunula  then  begins  to  elongate  itself  in  the  opposite  direction,  whilst 
the  minute  protuberances  which  it  previously  bore,  evolve  themselves 
into  leaves.  The  cotyledonaiy  portion  is  usually  the  last  to  quit  the 
seed-coats,  and  sometimes  it  remains  and  withers  there ;  but  usually  it  is 
can-ied  upwai-ds  to  the  surface,  acquires  a  green  colour,  and  performs 
the  fimctions  of  a  leaf  In  the  germination  of  such  Monocotyledons  as 
thus  send  up  their  cotyledon  (Fig.  220,  a),  tliis  organ  very  closely 
resembles  the  subsequent  leaves  in  form,  and  in  its  relations  to  the  stem ; 
in  that  of  Dicotyledons,  on  the  other  hand,  the  plumula  rises-up  from 
between  the  cotyledons  (b).  In  many  Gymnosperms,  the  cotyledons  are 
multiple,  forming  a  sort  of  verticil,  resembling  that  of  their  true  leaves. 
— The  germinating  plant  continues  to  appropriate  the  nutriment  stored- 
up  in  the  cotyledons  or  remaining  in  the  perisperm,  and  to  employ  it  as 
the  material  for  the  extension  of  its  permanent  fabric ;  and  by  the  time 
that  this  store  has  been  exhausted,  the  roots  and  leaves  are  sufficiently 
developed  to  enable  them  to  perform  their  respective  functions,  and  thus 
to  minister  to  the  further  extension  of  the  structure.  It  is  then  only, 
that  true  woody  fibre  and  vessels  begin  to  show  themselves  in  the  axis ; 
for  during  the  previous  stages  of  embryonic  development,  its  tissue  has 
been  cellular  only;  and  an  almost  exclusively  cellular  organisation  is 
common  to  young  parts  at  all  subsequent  periods. 

508.  The  plumiUa  may  be  regarded  as  the  first  'terminal  bud'  of  the 
growing  plant  j  and  with  its  short  stem  and  radicle,  forms  a  fhyton.  A 
tree,  to  whatever  dimensions  it  may  attain,  is  but  an  aggregation  of  such 
phytons;  and  these  are  formed  in  continuous  development  from  the  one 
thus  immediately  evolved  from  the  seed.  The  elongation  of  the  stem  is 
provided-for  by  the  development  of  a  succession  of  terminal  leaf-buds; 
each,  as  the  leaves  have  performed  their  fanctions  and  have  died-off,  being 
replaced  by  another.  But  in  nearly  all  cases  (Palms  being  the  principal 
exceptions),  lateral  leaf-buds  also  are  developed,  which  are,  so  to  speak, 
the  terminal  leaf-buds  of  the  branches  that  are  to  grow-forth  from  the 
axis  (Fig.  32,  A,  d,  d) ;  and  when  these  have  been  developed  into  branches, 
they  in  their  turn  put-forth  other  lateral  buds ;  and  thus  an  unlimited 
amount  of  ramification  may  take  place  around  the  central  axis.  In  all  cases, 
however,  the  buds  originate  in  the  meduUary  tissue  of  the  stem  or  branches ; 
being,  in  fact  produced  by  the  multiplication  of  its  cells  at  certain  points, 
which  usually  have  some  definite  relation  to  each  other,  so  as  to  give  to 
the  whole  structure  a  more  or  less  symmetrical  character  (§  29).  Thus 
we  have  a  multitude  of  parts  evolved,  which  are  mere  repetitions  of  each 
other,  and  which  have  scarcely  any  relation  of  mu.tual  dependence;  and 
these  parts,  when  detached  from  the  common  stock,  and  placed  under 
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circumstances  favourable  to  their  growth,  will  preserve  their  vitality, 

aud  will  develope  themselves  into 
organisms  in  all  respects  similar 
tQ  that  from  which  they  were 
removed.    Such  a  detachment  of 
leaf-buds  sometimes  takes  place 
spontaneously,*  and  constitutes 
the  ordinary  mode  in  which  the 
plant  is  propagated.    In  other 
instances,  nothing  more  is  neces- 
sary than  the  artificial  separa- 
tion of  the  leaf-buds;  thus  the 
Sugar-cane  is  ordinarily  propa- 
gated by  dividing  the  stem  into 
as  many  pieces  as  it  possesses 
lateral  buds,  and  burying  these 
in  the  ground ;  and,  in  like  man- 
ner, the  Potato  is  multiplied  by 
the  division  of  its  '  tuber'  (which 
is  really  an  underground  stem) 
into  as  many  pieces  as  it  has 
'eyes.'  So,  again,  there  are  many 
trees  and  plants,  of  which  the 
branches  ^vill  take  root,  when 
merely  cut  or  broken  ofi",  and 
placed  with  their  ends  in  the  soil ; 
and  such,  therefore,  may  be  pro- 
pagated by  'slips'  or  'cuttings.' 
In  many  other  cases,  howevei', 
more  care  is  necessary;  the  buds 
not  possessing  enough  develop- 
mental capacity  to  ensure  the  pro- 
duction of  roots  after  their  com- 
plete detachment  from  the  stock ; 
and  the  evolution  of  such  buds 
is  provided-for,  either  by  con- 
necting them  with  a  new  stock 
to  which  they  become  adherent, 
so  that  it  stands  in  the  place  of 
the  stem  and  roots  of  that  from 
which  they  have  been  removed, 

A,  Germination  of  Monocotyledonous  embryo  of  ■  .  nnpration  is  termed  '  araft- 

Zanichellia  palustris;  r,  radicle;  m,  collar;  «  stem;  WlllCU  OpCiaUOn  Ibxeimeu  g 

,/,  plumula;  c,  cotyledon  ;—B,  gernunation  of  Dico-  .'  qj.  l,j  delaying  the  final  ClC- 

tyledonous  embryo  otAcor  negundo  (Maple)  ;  r,  ra-  ,        .-^  h       ^  olveadv 

(Ucle  :  TO,  collar ;  /,  stem ;  g,  pliimtda ;  c  c,  cotyledons;  tacfimont  UUtli  tJiey  UaVO  ail  eauy 

—0,  the  upper  part  of  the  same  m  a  more  advanced  g^j.y^(>]j.  j^-Qot  illto  the  Soil,  aS  IS  praC- 

tised  in  the  operation  of '  layering.' 
509.  Now  in  all  these  cases,  the  plant,  wliich  is  developed  from  the 

»  The  following  list  of  plants  tliat  habitually  propagate  by  spontaneously  detaching 
bulbel  (tllet-st  tie  reprocLing  themselves,  so  far  as  can  be  --^^^^f ' 
alone),  has  been  ftirnished  by  M.  Decaisne  .-Lunularta  '>''';^''':'^'J;"S^Im1^ 
biMifera,  Bioscorwa,  Glohha  amaranlina,  Cuujea  vMom,  Orntthogahun  imheUaium,  and 

LUium  bulbiferum. 
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detached  hud,  paitakes  of  the  characters  of  the  stock  from  which  it  sprang, 
nmch  more  f^lly  than  does  the  plant  raised  from  ;  for  whi  st  the  latter 
continues  the  species  only,  the  former  reproduces  the  particular  va^^ety 
Hence,  when  it  is  desired  to  multiply  a  certam  kind  of  fruit-tree,  the 
buds  are  employed,  rather  than  the  seeds.  But  this  method  of  propaga- 
tion cannot  be  earned  to  an  indefinite  extent;  for  although  it  may  not 
be  true  (as  stated  by  some),  that  the  life  of  the  '  graft  will  on  y  last  as 
long  as  that  of  the' stock '  from  wHch  it  was  taken,  yet  it  is  almost  in- 
variably foimd  that  varieties  of  trees  and  plants  which  are  thus  nnUtiphed 
lose  their  vigour  and  'die  out'  after  a  certain  lapsp  of  time.  -L^ey  ail 
pai-take,  in  fact  of  the  'germinal  capacity,'  which  was  engendered  by  the 
original  generative  act;  and  every  multiplication  of  parts  by  the  con- 
tinued subdivision  of  cells  must  be  regarded  (so  to  speak)  as  an  expendi- 
ture of  that  capacity;  so  that  there  is  necessarily  a  limit  to  this  operation, 
although  the  Umit  seems  to  be  much  less  strict  when  the  extension  takes 
place  in  structures  of  a  low  type,  than  when  development  of  a  higher  kind 
is  required  in  addition  to  mere  growth. 

510.  Now  from  attaching  too  exclusive  consideration  to  the  fact  oi  the 
independent  vitality  of  leaf-buds,  many  Botanists  have  come  to  the  con- 
clusion, that  a  composite  tree  is  to  be  regarded,  not  as  one  individual,  but  as 
an  aggregate  of  individuals ;  and  that  each  series  of  buds  should  rank  as 
a  distinct  generation.  But  if  such  be  the  acceptation  in  wliich  the  terms 
'  individual '  and  '  generation '  are  to  be  employed,  it  will  be  found  that 
they  must  be  rendered  still  more  comprehensive.  In  the  first  place,  if  we 
look  to  what  a  part  may  become,  rather  than  to  what  it  is,  as  our  test  of 
individuality,  we  must  include  under  this  designation,  not  merely  the 
leaf-buds,  but  the  leaves,  of  many  plants  (such  as  the  Bryophyllum),  which 
possess  the  power  of  developing  buds  and  roots  from  their  margins;  and 
this  view  has  been  adopted  by  Prof.  Owen,'  who  regards  every  leaf,  and 
even  every  modified  form  of  the  same  ftmdamental  type, — each  sepal, 
petal,  stamen,  and  carpel  of  a  flower, — as  entitled  to  rank  as  a  distinct 
being,  t  But  if  we  go  so  far,  we  must  go  further  still,  and  admit  that  each 
fragment  of  a  leaf  is  entitled  to  be  characterised  as  a  distinct  individual ; 
since  the  leaf  of  Bryophyllum,  even  when  divided  into  numerous  segments, 
will  continue  to  vegetate  under  favourable  circumstances,  and  will  evolve 
itself  into  a  complete  plant;  and  the  whole  of  such  a  leaf,  therefore,  must 
be  regarded  as  an  aggregate  of  individuals.  Such  a  doctrine  was  actually 
propounded  in  regard  to  the  Hydra,  when  its  extraordinary  power  of  de- 
veloping the  whole  from  any  single  part  was  first  discovered  (§  473) ;  but 
no  Physiologist  would  at  present  support  such  an  idea ;  and  as  its  single- 
ness is  not  now  disputed  on  account  of  its  repetition  of  similar  parts,  and 
its  almost  imlimited  reproductive  capacity,  neither  (as  it  seems  to  the 
author)  should  that  of  the  Plant.  For  it  would  be  just  as  legitimate  to 
regard  as  '  distinct  individuals '  the  several  tentacula  which  form  a  circle 
round  the  mouth  of  the  Hydra,  as  it  is  to  assign  this  rank  to  the  several 
petals  of  a  corolla,  or  to  the  carpels  of  an  ovary.  The  cells  of  the  simplest 

*  It  would  seem,  liowever,  as  if,  in  the  case  of  annual  plants,  the  variety  is  more 
steadily  transmitted  by  seed ;  such  is  certainly  true  of  the  Cerealia,  in  which  we  find 
repeated,  not  merely  the  general  modifications  induced  by  cultivation,  but  the  more  parti- 
cular forms  that  occa.sioually  arise  de  novo. 

+  See  Prof.  Owen's  "Parthenogenesis,"  p.  54,  ei  seq. 
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Protopliyta  viay  be  allowed  the  designation  of  '  distinct  individuals,'  if  by 
this  be  implied  no  more  than  that  they  are  complete  in  themselves,  and 
have  the  power  of  separate  existence.  But  although  thus  functionally 
independent,  they  are  organically  related  to  each  other  in  the  same  de- 
gree as  are  the  component  cells  of  the  most  heterogeneous  fabric,  whether 
Vegetable  or  Animal;  for  the  aggregate  mass  of  cells  of  a  Palmella  or  a 
Desmidium,  produced  by  the  subdivision  of  one  'primordial-cell,'  is  clearly 
the  homologue  of  the  entire  embryo  of  the  Phanerogamous  plant,  which  is 
(like  it)  composed  of  a  mass  of  cells,  evolved  by  successive  subdivision 
from  the  fertilized  embryonal  vesicle ;  and  if  every  new  pair  that  is  pro- 
duced by  the  subdivision  of  a  pre-existent  cell,  is  to  be  regarded  as  a 
'  new  generation '  in  the  one  case,  it  must  in  the  other  also.— The  confu- 
sion which  at  present  prevails  in  regard  to  this  subject,  and  which  has 
given  rise  to  the  strangest  misapprehensions,  has  arisen  from  that  very 
confusion  of  functional  and  homological  relationship,  which  formerly  ob- 
structed the  progress  of  Philosophical  Anatomy  (see  chap,  i.)  ;  and  will 
not  be  dissipated,  until  a  clear  distinction  shall  have  been  drawn  between 
the  two.  The  question  of  '  individuality,'  in  the  lusual  acceptation  of  the 
term,  is  one  entirely  of  the  former  kind;  for  its  limits  are  not  established 
any  other  rule  than  functional  capacity ;  and  nothing  can  be  more 
variable  than  its  degi'ee.  Thus,  such  an  individuality  exists  in  the 
segments  of  the  leaves  of  one  plant,  in  the  entire  leaves  of  a  second, 
in  the  leaf-buds  of  a  third,  in  the  branches  of  a  fourth,  and  in  the  entii-e 
axis  and  appendages  of  a  fifth ;  whilst  in  a  sixth,  the  individuality  shall 
entirely  depend  upon  circumstances,  its  buds  not  being  able  to  sus- 
tain their  vitality  after  their  detachment,  unless  their  development  be 
favoured  by  engrafting  them  on  a  living  stock.*  But  in  its  scientific 
aspect,  like  the  question  of  '  generations,'  it  is  one  entirely  of  the  latter 
nature,  and  can  only  be  determined  by  adhering  strictly  to  homological 
principles. 

511.  Another  view  has  been  suggested,  which  at  first  sight  aj)pears  more 
worthy  of  adoption ;  namely,  that  a  tree  may  be  regarded  as  a  collection 
of  annual  plants ;  the  buds  of  each  year  giving  origin  to  those  of  the 
next,  when  their  own  term  of  existence  is  expired,  t  In  a  Potato,  for 
example,  it  is  argued  that  each  year's  growth  terminates  in  the  production 
of  tubers  or  underground  stems,  which  contain  the  buds  that  are  to  be  deve- 
loped into  distinct  and  independent  plants  in  the  ensuing  season ;  these  in 
their  turn  giving  origin  to  tubers,  whose  buds  are  to  be  developed  in  a 
subsequent  year.  Now  what  is  true  of  the  potato,  it  is  urged,  is  true  of 
an  ordinary  tree ;  the  only  difierence  being,  that  the  remains  of  previous 
gTOwths  are  persistent,  although  dead,  and  that  thus  a  permanent  stem  is 
formed,  on  which  every  generation  of  buds  is  developed,  as  it  were  para- 
sitically,  and  to  which  each  generation  makes  an  addition  that  is  left  be- 
hind when  the  leaves  decay. — In  this,  as  in  the  preceding  doctrine, 
however,  it  appears  to  the  author  that  too  much  account  is  made  of  the 

*  If  the  individuality  of  leaf-huds  be  maintained,  because  they  -will  continue  to  exist  as 
grafts,  the  same  attribute  ought  to  be  allowed  to  parts  of  animals,  e.  g.  teeth,  testes, 
ovaries,  &c.,  -wliicli  have  been  removed  from  one  animal  and  implanted  in  another,  and 
which  have  formed  new  attachments  to  the  latter,  and  continued  to  grow. 

t  See  Dr.  Harvey  '  On  the  Nature,  Longevity,  and  Size  of  Trees,' in  the  "Ediab.  Philos. 
Journ.,"  Jan.  1847. 
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haves  and  too  Uttle  of  tlie  other  parts.  The  leaf  is  by  no  means,  as  some 
have  represented  it,  the  entire  plant;  it  is  only  the  most  important  of  the 
vec^etative  organs  of  the  plant.  But  it  cannot  maintain  an  independent 
existence  (save  in  a  few  rare  cases  in  which  the  leaf  possesses  unusual  ab- 
sorbent powers),  unless  it  is  able  to  develope  roots;  and  it  cannot  perform 
the  generative  act,  unless  it  can  evolve  the  flower.  Now  other  parts  of 
the  plant  may  possess  the  same  independent  vitaHty,  if  only,  like  leaf- 
buds,  they  can  evolve  the  organs  in  wHch  they  are  themselves  deficient; 
thus  there  are  many  trees  which  can  be  propagated  by  cuttings  of  their 
roots,  these  having  the  power,  under  favourable  circumstances,  of  puttmg- 
foi-th  leaves;  and  there  are  others  which  can  be  multiplied  in  like  manner 
by  division  of  their  stems,  each  cutting  being  able  to  put-forth  both  leaves 
and  roots, 

512.  Further,  whilst  too  much  account  is  thus  made  of  the  leaves  as 
integi-al  components  of  the  plant,  too  little  is  made  of  the  general  cellular 
basis,  from  which  the  leaves  originate,  and  which  retains  its  vitality  in 
every  stem,  through  the  whole  period  of  its  existence.  This  cellular  basis 
is  the  continuous  product  of  that  in  which  the  whole  fabric  has  its  origin ; 
it  is  that  of  which  the  leaves  are  ofisets,  developed  for  a  particular  pur- 
pose (the  elaboration  of  nutriment  for  the  axis  and  its  other  appendages), 
and  ceasing  to  exist  when  that  purpose  is  answered;  and  it  retains  the 
power  of  giving  origin  to  buds  from  ani/ part  of  it  that  may  be  stimulated 
to  increased  development.  For  although  it  may  be  quite  true  that, 
under  ordinary/  circumstances,  each  year's  growth  of  buds  originates  in 
the  new  tissue  formed  in  the  preceding  year,  yet  this  tissue  is  but  the 
extension  of  the  general  cellular  basis ;  and,  under  extraordinary  circum- 
stances, portions  of  this  at  a  great  distance  from  the  last-formed  buds,  may 
develope  a  new  set  of  foliaceous  organs.* — Moreover,  the  doctrine  in 
question  is  entii-ely  inapplicable  to  the  case  of  the  leafless  Phanerogamia, 
such  as  the  Gactacea}.  The  succulent  mass  of  which  their  stems  are  com- 
posed, is  obviously  homologous  with  that  general  cellular  basis,  of  which 
the  axes  of  all  the  higher  plants  consist  at  an  early  stage  of  their  de- 
velopment, and  from  which  the  leaves  are  developed  wherever  they  exist ; 
whilst  its  foliaceous  surface  performs  the  functions  of  the  leaf,  the  two 
organs  not  being  here  separated,  nor  their  functions  specialised.  Now  it 
cannot  but  be  admitted,  that  it  is  this  cellular  mass,  which  in  the  Oactacese 
constitutes  tlie  plant;  since  here  no  separate  leaves  are  evolved.  And 
further,  we  must  regard  the  whole  as  one  integer,  unless  we  are  prepared 
to  say  that  every  separate  portion  of  this  mass,  which  can  maintain  an 
independent  existence,  is  to  be  regarded  as  endowed  with  a  distinct 

*  The  follnwing,  for  example,  occim-ed  within  the  Author's  own  observation.  An 
Elm-tree,  which  grew  to  the  height  of  nearly  thirty  feet  before  it  gave  forth  any  branches, 
had  its  upper  part  entirely  broken-off  in  a  gale  of  wind,  and  the  stem  was  left  standing, 
entirely  bare  of  foliage.  Its  death  was  considered  almost  inevitable  (and  such  it  was  upon 
Dr.  Harvey's  theory);  but  it  was  thought  desirable  to  give  to  it  a  chance  of  recovery,  and 
nothing  else  was  done  than  to  slope-off  the  top  of  the  stump,  so  as  to  prevent  the  lodgment 
of  rain.  The  next  spring,  a  great  number  of  buds  were  developed,  along  nearly  the  whole 
length  of  the  stump,  where  no  buds  or  branches  had  grown  for  many  previous  years ;  these, 
in  process  of  time,  became  branches ;  and  the  topmost  branches  having  gradually  changed 
their  direction  (in  accordance  with  the  well-known  law)  from  the  horizontal  to  the  perpen- 
dicular, now  appear  like  continuations  of  the  stem,  and  the  tree,  after  an  interval  of  about 
27  years,  has  quite  recovered  its  symmetrical  appearance,  although  its  aspect  is  of  course 
very  different  from  that  which  it  presented  before  the  accident. 
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individuality.*  The  dm-ation  of  tltis  cellular  stem  of  tlie  Oactacefe  is 
extremely  prolonged,  its  life  being  very  slow ;  so  that  there  are  undoubted 
instances  of  plants  of  this  order  continuing  to  exist  for  100  yeare;  and 
theii-  probable  term  of  life  is  very  much  longer.  There  need  not,  there- 
fore, be  the  least  difficulty  in  admitting  the  continued  vitality  of  the 
general  cellular  basis  of  the  stem  of  an  ordinaiy  tree,  notwithstanding  that 
it  may  have  attained  the  age  of  some  hundreds  or  even  thousands  of  years. 
The  parts  first  formed  may  have  long  since  decayed  away,  but  a  new 
growth  is  continually  taking  place;  for  the  ' cambiiim-layer '  (in  the 
Exogenous  stem)  is  in  a  state  of  continual  increment,  and  the  proximity 
of  leaves  is  not  required  for  the  growth  of  the  additional  layers  of  wood 
and  bark  into  which  it  developes  itself,  nothing  else  being  needed  than  a 
supply  of  elaborated  sap,  which  may  have  been  prepared  by  the  leaves  of 
remote  parts  of  the  fabric  (§  353). 

513.  There  appears,  then,  to  be  no  medium  between,  on  the  one  hand, 
regarding  the  entire  fabric  developed  from  a  single  generative  act  (i.  e.  the 
fertilization  of  a  single  '  germ-cell '  by  the  contents  of  a  '  spei-m-cell ')  as 
forming  one  organism,  however  great  may  be  the  mtiltiplication  of  similar 
parts,  or  however  independent  these  pai'ts  may  be  of  each  other ;  and  the 
including  every  product  of  its  own  development,  whether  contemporaneous 
or  successive,  as  one  generation; — or,  on  the  other  hand,  attributing  a  dis- 
tinct individuality  to  every  component  of  the  most  complex  organism,  and 
designating  every  augmentation  of  the  number  of  its  cells,  by  the  subdi- 
vision of  those  previously  existing,  as  the  production  of  a  new  generation. 
In  either  case,  it  must  be  freely  admitted,  we  are  forced  to  do  a  certain 
violence  to  our  ordinary  conceptions ;  but  if,  on  the  one  hand,  it  seems 
strange  not  to -admit  the  proper  individuality  of  a  completely  independent 
being  (such  as  a  potato-plant  which  has  been  developed,  in  common  with 
several  others,  from  a  single  tuber),  nor  to  allow  that  in  developing  itself 
from  a  bud  into  a  complete  plant,  and  in  putting  forth  its  leaves  and 
flowers,  and  in  maturing  its  seed,  it  passes  through  a  complete  generation; 
on  the  other  hand  it  seems  yet  more  absurd  to  regard  the  human  organism, 
or  any  other  composite  fabric,  as  made  up  of  a  congeries  of  individuals, 
and  to  regard  each  of  these  as  entering  upon  a  new  generation  whenever  its 
component  cells  may  have  been  renewed.  And  it  may  be  the  wisest  course, 
perhaps,  to  invent  new  terms,  rather  than  to  distort  the  meaning  of  those 
in  common  use. 

514.  If,  now,  we  take  a  retrospect  of  the  whole  series  of  phenomena  of 
Vegetable  Rei^roduction,  we  see  that  in  all  the  cases  (by  far  the  larger 
proportion)  in  which  a  true  Generative  act  is  known  or  believed  to  take 
place,  the  fertilized  cell,  which  is  the  immediate  product  of  this  act,  gives 
origin,  by  successive  subdivisions,  to  an  immense  congeries  of  cells,  each 
having  a  certain  degree  of  independent  vitality ; — that  in  the  simplest 
Protophytes,  each  one  of  these  detaches  itself  from  the  rest,  and  lives  for 
and  by  itself,  in  a  state  of  functional  independence  of  them,  except  so  far 
as  it  requires  another  to  conjiigate-with,  whilst  there  is  yet  the  same 
homological  relationship  among  them  all,  as  exists  among  the_  component 
cells  of  any  siagle  plant  developed  from  seed; — that  at  a  little  higher 

*  It  has  been  shown  that  small  fragments  of  the  CactaceEE  may  thus  be  made  to  grow,  by 
grafting  them  upon  other  plants  of  the  family,  even  though  the  generic  alliance  be  not  very 
close.    See  note  in  p.  624. 
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elevation  in  the  scale,  the  cells  developed  from  one  primitive  germ 
remain  attached  to  each  other,  and  form  masses  of  almost  unlimited 
extent  (such  as  the  gigantic  fronds  of  marine  Algse),  all  whose  parts  are 
in  like  manner  homologically  related,  wliilst  they  nevertheless  continue 
so  similar  in  their  endowments  as  to  possess  a  great  degree  of  functional 
independence;— that  as  we  ascend  yet  liigher,  we  find  the  evolution  of 
the  primary  embryonic  cell  no  longer  consisting  in  the  multiplication  of 
homogeneous  parts,  but  involving  the  development  of  some  of  the  pro- 
ducts of  its  subdivision  into  forms  very  dissimilar  to  its  own  and  to  each 
other;  and  of  the  organs  so  developed,  a  certain  combination  is  requisite 
for  the  maintenance  of  vegetative  activity ; — but  that  even  where  a  con- 
siderable degree  of  mutual  dependence  is  thus  established,  as  in  the  most 
heterogeneous  and  highly-specialized  Vegetable  organism,  there  is  usually 
such  a  multiplication  of  similar  parts,  that  many  of  these  can  be  removed 
without  serious  injury  to  the  remainder;  whilst  there  is  frequently  also 
such  an  amount  of  reproductive  capacity  still  remaining  in  each  principal 
oi'gan,  that,  even  when  separated  from  the  rest,  it  can  develope  whatever 
parts  are  deficient,  and  can  thus  maintain  its  existence  independently  of 
them.  It  is  only  when  the  whole  series  of  phenomena  is  thus  compre- 
hensively surveyed,  that  we  rightly  appreciate  the  real  relationship)  of 
the  component  organs  of  the  most  perfect  Phanerogamous  plant,  or  of  the 
isolated  cells  of  the  simplest  Protophyte. 

515.  The  true  relations  between  the  G-enerative  operations  of  the 
different  groups  we  have  been  surveying,  are  considerably  obscured  by 
the  entire  want  of  conformity  which  exists  among  them,  as  to  their 
relations  with  the  Vegetative  or  developmental  phases  of  Plant-life. 
Thus,  if  we  start  from  the  'primordial  cell'  of  the  embryo,  we  find  this 
evolving  itself  by  duplicative  subdivision  into  that  leafy  stem  which  is 
accounted  'the  plant'  in  Phanerogamia ;  and  the  same  happens  in  the 
Ferns  and  their  allies.  This  'vegetative  system'  in  the  Angiospermous 
Phanerogamia  gives  origin  by  continuous  gemmation  to  the  '  generative 
system,'  which  consists  of  the  flowers  bearing  ovules  and  pollen-grains ; 
and  no  obvious  phase  of  existence  intervenes  between  the  development 
of  the  embryo-sac  contained  in  the  ovule,  and  the  origination  of  the 
primordial  cell  of  the  embryo  as  the  consequence  of  fecundation.  In 
the  Pem,  on  the  other  hand,  the  'vegetative  system'  does  not  at  once 
develope  the  'generative  system,'  but  produces  a  number  of  detached 
'spores,'  each  of  which  developes  itself  independently  into  a  'prothallium' 
bearing  the  essential  generative  organs ;  yet  this  prothallium  is  shown, 
by  tracing  its  homologue  in  the  Lycopodiacese  and  Gymnospermese,  to  be 
but  a  higher  development  of  the  fugitive  endosperm-ceUs  of  the  ovule  in 
the  ordinary  Phanerogamia,  which  thus  constitute  the  sole  representative 
of  the  prothallium  in  Cryptogamia.  But  when  we  go  to  the  Mosses  and 
Liverworts,  we  find  the  immediate  product  of  the  generative  operation 
to  be  a  mere  sporangium  instead  of  a  complete  plant ;  and  that  which  in 
these  tribes  constitutes  '  the  plant'  is  evolved  from  the  spore,  being  a  still 
higher  development  of  the  prothallial  condition.  And  descending  to  the 
CharacecB,  which  may  be  considered  as  affording  a  typical  example  of  the 
phase  of  Plant-life  presented  by  the  lower  Ciyptogamia,  we  not  only  find 
the  prothallium,  with  its  antheridia  and  archegonia,  ranking  as  'the 
plant,'  but,  as  each  primordial  cell  developes  itself,  not  into  a  sporangium 
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but  into  a  new  protliallium,  we  entirely  lose  sight  of  that  phase  wliich  in 
'  ;?  by  the  development  of  the  stalked  spore-bearing 

capsnle,  m  the  Ferns  by  the  development  of  the  stem  and  spore-bearing 
leaves,  and  m  the  Phanerogamia  by  the  evolution  of  the  whole  apparatus 
ot  leaves  and  flowers.* 

3.  Reproduction  in  Animals. 

516.  The  condition  of  the  Reproductive  fonction  in  the  lower  part  of 
tte  Animal  kingdom,  may  be  considered  as  almost  precisely  analogous  to 
that  which  It  presents  among  the  higher  Plants ;  for,  on  the  one  hand,  we 
unci  the  act  of  Generation  performed  under  circumstances,  which  on  the 
whole  most  resemble  those  under  which  it  takes  place  in  the  Phanero- 
gamia; whilst,  on  the  other,  we  see  that  this  is  by  no  means  the  only— 
h-equently  not  even  the  chief— mode  in  which  the  multipHcation  of  the 
original  stock  is  provided-for,  repetitions  of  that  stock  being  produced  by 
a  process  of  self-division  or  of  gemmation,  so  that  a  large  number  of  the 
independent  beings  ordinarily  designated  as  'individuals'  may  result 
from  one  act  of  generation.  Such  beings,  as  already  shown  in  regard  to 
Plants,  have  a  very  different  relationship  to  one  another,  from  that  which 
is  possessed  by  the  perfect  individuals  among  the  higher  classes  of  animals, 
every  one  of  which  contains  in  itself  the  entire  product  of  the  act  of 
generation  in  wHch  it  originated ;  being,  in  fact,  as  nearly  related  to 
each  other  hy  descent,  as  are  the  several  parts  of  the  body  of  the  latter, 
although  possessing  a  functional  independence  that  enables  them  to  main- 
tain a  separate  existence.  As  it  is  peculiarly  important  that  the  true 
nature  of  this  relationship  should  be  kept  in  view,  the  detached  portions 
of  the  stock  originating  in  a  single  generative  act  will  be  termed  Zooids  ; 
whilst  by  the  words  'animal'  or  'entii-e  animal'  (the  equivalent  of  Zoon), 
will  be  implied,  in  the  lower  tribes  as  in  the  higher,  the  collective  product 
of  a  single  generative  act*  Thus,  the  whole  Zooi^hytic  structure  produced 
by  continuous  gemmation  from  a  single  ovum,  will  be  considered  as  one 
animal;  just  as  the  whole  product  of  a  single  seed  is  one  plant.  And  as 
the^  homological  relation  of  the  parts  to  each  other  is  not  disturbed  by 
their  detachment,  although  they  are  rendered  functionally  independent, 
the  detached  gemmse  or  zooids  of  the  Hydra  (§  534)  are  the  real  equiva- 
lents of  the  connected  polypes  of  the  Laomedea  or  other  composite 
Hydroid  Zoophyte  (Fig.  99). 

517.  Further,  as  the  multiplication  of  separate  zooids  to  any  extent,  is 
a  process  of  exactly  the  same  order  as  the  growth  of  the  composite  struc- 
ture in  which  they  remain  continuous  with  each  other ;  and  as  this, 
again,  is  obviously  of  the  same  nature  with  the  development  and  growth 
of  the  component  parts  of  more  heterogeneous  organisms  higher  in  the 
scale  ;  it  is  clearly  correct  to  include,  under  the  title  of  one  generation,  in 
the  former  case,  as  in  the  latter,  all  that  intervenes  between  one  Genera- 

*  For  a  fuller  discussion  of  tlie  homologies  between  Phanerogamia  and  Cryptogamia,  see 
Mr.  Henfrey  '  On  tlie  Reproduction  of  the  Higher  Ci-yptogamia  and  the  Phanerogamia,'  in 
"Ann.  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  IX.,  p.  441. 

f  The  term  zooid  was  suggested  to  the  Aiithor  by  his  friend  Mr.  Huxley;  whose 
researches  on  the  Acalephaa,  carried-on  in  the  Indian  Seas,  Jiad  led  him  independently  to 
adopt  precisely  the  same  view  of  the  relation  of  the  two  processes,  as  that  for  whicli  he 
himself  contends.  By  some  of  the  French  Naturalists,  tlie  word  Zoonitc  has  been  used  in 
nearly  the  same  sense. 
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tive  act  and  the  next.    If  the  phenomena  be  vie-wed  undei"  this  aspect,  it 
will  be  obvious  that  the  so-called  'alternation  of  generations'  has  no  real 
existence ;  since  in  every  case,  the  whole  series  of  forms  which  is  evolved 
by  continuous  development  from  one  generative  act,  repeats  itself  pre- 
cisely in  the  products  of  the  next  generative  act.    The  alternation  which 
is  very  frequently  presented  in  the  forms  of  the  lower  Animals,  is  between 
the  products  of  the  generative  act  and  the  products  of  gemmation;  and 
the  most  important  difference  between  them  usually  consists  in  this, — 
that  the  former  do  not  contain  the  generative  apparatus,  which  is  evolved 
in  the  latter  alone.     Not  unfrequently,  indeed,  it  happens  that  the 
detached  zboids  are  little  else  than  combinations  of  generative  organs 
with  a  locomotive  apparatus  adapted  for  their  dispersion ;  or  they  may 
be,  in  the  first  instance,  nothing  else  than  buds,  which  will  gradually 
evolve  themselves  into  such  a  self-moving  generative  apparatus.  Now 
the  relation  of  these  generative  zooids  to  those  which  are  merely  repeti- 
tions of  the  nutritive  organs, — as,  for  example,  the  relation  between  the 
Medusa-buds  and  the  Polypes  of  the  Hydroid  Zoophytes  (Figs.  231,  232), 
— will  be  seen  to  be  precisely  the  same  as  that  of  the  flower-buds  to  the 
leaves  of  a  Phanerogamic  plant ;  and  whilst  we  have  in  the  Vallisneria 
spiralis  (§  504  note)  an  example  of  the  spontaneoiTS  detachment  of  a  bud 
in  which  one  portion  of  the  reproductive  apparatus  is  already  evolved,  we 
have  in  the  separation  and  diffusion  of  the  spores  of  the  Fern,  a  still 
more  remarkable  example  of  the  detachment  of  gemmse  in  the  simplest 
possible  condition,  whose  whole  power  of  development  is  directed  to  the 
production  of  a  true  generative  apparatus  (§  494).    The  generative  zboid 
may  be  merely  a  segment  cast-off  from  the  body  at  large,  possessing  no 
locomotive  power,  as  in  the  case  of  the  Taenia  (§  570);  or  it  may  con- 
tain a  combination  of  generative  and  locomotive  organs,  as  in  the  self- 
dividing  Annelida  (§  576).  It  may  possess,  however,  not  merely  locomotive 
organs,  but  a  complete  nutritive  apparatus  of  its  own,  which  is  the  case 
in  all  those  instances  in  which  the  zooid  is  cast-off  in  an  early  stage  of 
its  development,  and  has  to  attain  an  increased  size,  and  freqiiently  also 
to  evolve  the  generative  organs,  subsequently  to  its  detachment ;  of  this 
we  have  examples  in  the  Medusai  budded-off  from  Hydroid  Zoophytes 
(§  539),  and  in  the  aggregate  Salpce  (§§  557 — 560),  as  well  as  in  other 
beings  of  similar  completeness. 

518.  It  has  been  already  pointed-out,  that  what  have  been  called  the 
fissiparous  and  the  gemmiiparous  modes  of  reproduction,  are  one  and  the 
same  in  their  essential  nature.  Of  the  former  we  have  the  type  in  the 
multiplication  of  cells  by  self-division,  which  is  best  seen  in  the  Algse 
(§  349) ;  whilst  of  the  latter  we  have  the  type  in  the  multiplication  of 
cells  by  out-growth,  which  is  common  in  the  Fiingi  (§  350).  The  fissipa- 
rous method  is  the  one  most  frequently  witnessed  among  the  Protozoa, 
whose  condition  most  nearly  approximates  that  of  the  Algte ;  and  it  is 
occasionally  seen,  also,  among  Zoophytes.  But  in  the  latter  class,  as  iu 
all  the  higher  tribes  in  which  detached  zooids  are  produced,  gemmation 
is  by  far  the  most  usual  method  of  their  evolution. 

519.  The  act  of  Generation  is  accomplished  among  Animals,  as  in  the 
higher  Plants,  by  the  union  of  the  contents  of  a  '  sperm-cell'  with  those 
of  a  'germ-cell;'  the  latter  being  that  from  within  which  the  embryo  is 
evolved,  whilst  the  former  supplies  some  material  or  influence  necessary 

M  ai 


530 


OF  GENERATION  AND  DEVELOPMENT. 


to  its  evolution.  These  'sperm-cells'  and  '  germ-cells' are  usually  developed 
in  special  organs,  as  in  all  the  higher  Plants;  but  in  Sponges,  as  well, 
perhaps,  as  in  some  others  of  the  lower  Animals,  they  are  evolved  out  of 
the  midst  of  the  ordinary  parenchyma,  and  have  no  special  locality.  In 
many  of  the  lovfer  tribes,  again,  both  sets  of  generative  organs  are 
developed  in  the  same  organism,  and  are  capable  of  conjoint  action;  the 
animal  is  then  said  to  be  hermap/i/rodite.    There  are  others  in  which  both 
sets  of  organs  exist,  but  they  are  not  capable  of  conjoint  action,  so  that 
the  concurrence  of  two  individuals  is  required,  each  fertilizing  the  other ; 
such  are  also  termed  hermaphi'odite,  although  they  differ  from  the  true 
hermaphrodites  in  not  being  self-fertilizing.    In  the  highest  members  of 
the  Hadiated,  Articulated,  and  Molluscous  divisions,  however,  and  in  all 
"Vertebrata,  only  one  set  of  sexual  organs  is  possessed  by  each  individual, 
which  is  then  designated  as  monosexual. — It  has  been  a  matter  frequently 
and  earnestly  discussed,  whether  the  embryo  is  to  be  considered  as  the  pro- 
duct of  the  male  or  of  the  female  portion  of  the  generative  apparatus;  some 
having  regarded  the  function  of  the  sperm-cell  as  limited  to  the  stimula- 
tion of  the  developmental  process  in  an  embryonic  structure  already 
evolved  in  the  germ-cell;  whilst  others  have  considered  that  the  real 
germ  is  produced  in  the  sperm-cell,  and  that  it  is  implanted  in  the  germ- 
cell  in  the  act  of  fertilization,  to  be  henceforth  dependent  upon  the 
female  organism  for  the  materials  of  its  development.    Wow  if  we  cast 
our  eyes  back  upon  the  simplest  Cryptogamia,  we  see  that  there  is  no 
proper  distinction  of  male  and  female  amongst  them;  but  that  each  of 
the  conjugating  cells  contributes  an  equal  share  to  the  result  (§  481). 
And  the  departures  from  this  equality  which  are  seen  in  the  higher 
Plants,  appear  to  have  reference  rather  to  the  part  to  be  taken  by  the 
female  portion  of  the  apparatus  in  aiding  the  subsequent  development  of 
the  germ,  than  to  its  first  production;  and  it  seems  probable  that  in  the 
highest  animal,  as  in  the  lowest  plant,  the  formation  of  the  primary  cell 
of  the  embryo  depends  upon  the  actual  intermixture  of  the  contents  of 
two  cells,  so  that  neither  male  nor  female  can  be  properly  said  to  supply 
the  germ  by  itself.    Looking,  however,  to  the  very  equal  mode  in  which 
the  characters  of  the  two  parents  are  mingled  in  hyirid  offspring,  and  to 
the  certainty  that  the  material  conditions  which  determine  the  develop- 
ment of  the  germ  are  almost  exclusively  supplied  by  the  female,  it  would 
seem  probable  that  the  dynamical  conditions  are  in  great  part  furnished 
by  the  male. 

520.  The  '  Sperm-cells'  of  Animals  usually  present  a  remarkable  cor- 
respondence with  those  of  the  higher  Cryptogamia,  ia  the  natm^e  of  their 
products;  which,  in  the  majority  of  instances,  are  self-moving  filaments, 
or  Spermatozoa,  closely  resembling  the  'antherozoids'  of  Ferns,  &c.  These 
were  formerly  considered  in  the  light  of  distinct  and  independent  beings, 
and  were  termed  'spermatic  animalcules;'  but  it  is  now  univei-sally 
admitted  that  they  cannot  be  regarded  as  having  any  more  independent 
vitality  than  blood-corpuscles  or  epithelium-cells,  the  latter  of  which, 
when  ciliated,  have  at  least  an  equal  power  of  spontaneous  movement. 
The  forms  of  these  spermatozoa  present  a  certain  degree  of  variation  m 
the  different  groups  of  animals;  but  these  variations  cannot  be  said  to 
have  any  correspondence  with  the  zoological  relations  of  the  animals  m 
which  they  are  seen.    Generally  speaking,  however,  each  spermatozoon 
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is  composed  of  an  ovoid  'body,'  with  a  long  filiform  'tail,'  strongly 
resembling  the  antherozoid  of  the  Fern  (Fig.  210,  d);  and  it  seems  to 
be  by  the  undulations  of  this  tail,  I'ather  than  by  cilia  attached  to  the 
body,  that  the  movements  of  the  corpuscle  are  effected.  An  interior 
organisation  was  formei-ly  described  as  traceable  in  the  spermatozoa ;  but 
it  is  now  certain  that  they  are  homogeneous,  or  nearly  so,  throughout ; 
and  that  the  supposed  i^resence  of  a  mouth,  anus,  &c.,  has  no  real  foun- 
dation. These  movements,  howeverj  are  by  no  means  of  the  same  nature 
in  all  instances.  Sometimes  they  consist  of  lateral  undulations,  as 
uniform  and  moderate  in  their  rate  as  the  vibrations  of  a  pendulum ;  in 
other  instances,  a  series  of  interrupted  jerks  is  exhibited,  the  tail  being 
coiled-up  into  a  circle,  and  then  suddenly  uncoiled;  other  sperma- 
tozoa, again,  advance  with  a  regular  screw-like  or  boring  movement, 
turning  rapidly  on  their  axes  j  lastly,  there  are  certain  sjjermatozoa 
which  have  no  motor  power  whatever,  but  the  conditions  of  these,  as  will 
presently  be  shown,  are  altogether  peculiar.  It  is  obvious  that  the  pur- 
pose of  these  movements  is  to  bring  the  spermatozoa  into  contact  with 
the  germ-cell  j  and  we  shall  see  that  the  circumstances  under  which  that 
contact  takes  place,  vary  gTeatly  in  different  animals.  For  in  some  cases, 
the  fluid  containing  the  spermatozoa  is  conveyed  into  the  interior  of  the 
female  generative  organs,  so  that  it  is  ready  to  fertilize  the  germ-cells  as 
soon  as  they  are  matured;  in  other  instances,  it  is  effused  upon  the  ova  at 
the  time  of  their  deposition;  and  in  other  cases,  again,  it  is  poured-forth 
into  the  surrounding  liquid,  and  diffuses  its  fertilizing  power  far  and  wide 
through  this,  so  as  to  act  upon  any  ova  which  may  have  been  deposited 
in  its  neighbom-hood. 

521.  The  vitality  of  the  Spermatozoa  is  not  usually  long  preserved, 
after  they  have  been  set  free  from  the  organism  which  produced  them ; 
but,  like  that  of  muscles,  cUia,  &c.,  it  is  manifested  for  a  longer  time  in 
the  case  of  cold-blooded  animals,  than  in  that  of  warm.  Thus,  the  sper- 
matozoa of  Birds  frequently  cease  to  move  within  fifteen  or  twenty 
minutes  after  the  death  of  the  animal  which  produced  them,  or 
after  their  removal  from  its  body;  in  the  Mammalia,  their  motion 
continues  for  some  time  longer,  especially  if  they  remain  enclosed  in  their 
natural  organs ;  but  the  spermatozoa  of  Fishes  will  continue  moving  for 
several  days  after  their  expulsion.  The  most  remarkable  prolongation  of 
their  vitality  is  seen,  however,  when,  after  their  expulsion  from  the  male, 
they  are  received  into  the  female  generative  organs;  such  is  the  case  with 
many  MoUusca  and  Articulata,  which  have  a  special  receptacle  or 
spermolheca  for  storing-up  the  seminal  fluid,  in  order  that  it  may  fertilize 
the  ova  as  they  are  successively  developed ;  the  spermatozoa  remaining 
active  within  this,  even  for  some  months.  Indeed  it  appears  from  the 
.researches  of  Mr.  H.  Goodsir,*  that  in  certain  Crustacea  the  conclusion 
of  the,  development  of  the  spermatozoa  themselves  ordinarily  takes  place 
m  this  situation;  their  formation  not  being  nearly  complete,  at  the  time 
when  they  leave  the  organs  which  evolved  them.  Even  in  Mammalia 
their  movements  have  been  found  to  continue  unimpaired  for  some  days 
after  their  introduction  within  the  female  organs.t   The  movements  of  the 

*  'The  Testis  and  its  Secretion  in  tte  Decapodous  Crustaceans,'  in  Messrs.  Goodsir's 
Anatomical  and  Pathological  Observations."  wooasir  s 

t  This  fact  may  help  to  explain  the  phenomenon  of  *  protracted  gestation ;'  for  if  at  the 
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Spermatozoa  are  usually  rendered  irregular,  and  are  more  speedily  brought 
to  a  close,  by  the  admixture  of  freshwater  with  the  spermatic  fluid,  which 
diminishes  its  density  and  alters  their  hygroscopic  relations  to  it;  but  the 
admixture  of  animal  fluids  of  somewhat  higher  density,  such  as  milk, 
mucus,  serum,  or  saliva,  produces  very  little  eflTect.  The  admixture  of 
salt-water,  again,  scarcely  affects  the  movement ;  nor  does  that  of  fresh,  in 
the  case  of  those  animals  whose  ova  are  fertilized  by  the  diffusion  of  the 
seminal  fluid  through  it,  as  happens  in  many  fresh-water  Bivalve  MoUusks. 
All  such  chemical  agents  as  affect  the  chemical  composition  of  the  Sper- 
matozoa, speedily  put  an  end  to  their  movements ;  and  this  result  is  in- 
stantaneously brought-about  by  an  electric  discharge,  although  a  galvanic 
current  does  not  seem  to  have  any  effect  upon  them.  A  higher  or  a  lower 
temperature  than  that  habitual  to  the  organisms  within  which  they  are 
produced,  usually  seems  to  have  a  retarding  influence ;  but  the  motions 
of  the  spermatozoa  of  Frogs  and  Fishes  have  been  seen  to  continue,  when 
the  surrounding  medium  was  beneath  the  freezing-point :  and  those  of 
certain  fresh- water  Gasteropoda  have  not  been  arrested  by  contact  with 
water  of  158°— 176°  Fahr. 

522.  The  mode  of  development  of  the  Spermatozoa,  as  first  discovered 
by  Wagner,  and  since  more  fally  demonstrated  by  Kblliker,  is  usually 
as  follows. — In  the  parenchyma  of  the  spermatic  organs  of  some  animals, 
but  more  commonly  in  the  cavities  of  tubular  vesicular  organs,  resembling 
ordinary  glands  in  structure,  and  designated  as  Testes,  there  are  formed 
certain  large  cells,  which  seem  to  correspond  with  the  epithelial  cells  that 
have  been  shown  to  be  the  agents  in  the  secreting  process  (§  401).  These 
primary  cells, — corresponding  with  the  primary  cells  within  which  the  real 
sperm-cells  are  developed  in  the  Ferns  (Fig.  210,  c),  and  with  the  'primary 
cells  of  the  pollen'  in  the  Phanerogamia  (§  503), — give  origin  in  their 
interior  to  a  variable  number  of  vesicles  of  evolution,  each  of  which 
produces  a  single  spermatozoon.  The  earliest  stages  of  the  development 
of  the  spermatozoon  have  not  as  yet  been  made-out;  for  on  the  one  hand, 
the  vesicle  is  filled  with  granular  matter  which  obscures  its  other  con- 
tents ;  whilst  on  the  other,  the  spei-matozoon  itself  does  not  exhibit  those 
sharp  distinct  contours,  dependent  upon  its  high  refractive  power,  which 
afterwards  distinguish  it.  Gradually,  however,  the  gi-anular  matter  dis- 
appears, and  the  spermatozoon  is  distinctly  seen  lying  coiled-up  within  its 
vesicle.  Wlien  this  is  completely  matured,  it  bursts,  and  gives  exit  to  the 
contained  spermatozoon ;  and  if  the  primary  cell  have  previously  burst,  as 
usually  happens  in  Mammalia,  the  spermatozoa  henceforth  move  freely  in 
the  spermatic  fluid.  In  Birds,  however,  it  is  more  common  for  the  primary 
cells  to  continue  so  long  unruptured,  that,  when  the  spermatozoa  are  set 
free  from  the  vesicles  of  evolution,  they  are  still  contained  within  the 
enveloping  cyst,  usually  straightening  themselves  out  and  lying  in  bundles; 
and  it  is  only  when  the  containing  cyst  at  last  ruptures,  that  these  bun- 
dles are  broken-up,  and  the  individual  spermatozoa  dispersed. — The  fore- 
going may  be  considered  as  the  most  complete  mode  of  evolution  of  the 

time  when  sexual  intercourse  takes  place,  no  ovum  be  prepared  for  fertilization,  but  the 
spermatozoa  can  retain  their  vitality  for  one,  two,  or  three  weeks,  so  as  to  fertilize  an  ovum 
matured  at  the  end  of  that  period,  the  usual  term  between  intercourse  and  jmrtimtion  will 
be  extended  by  that  interval,  without  any  extension  of  the  term  between  the  actual  con- 
ception and  partuHtion. 
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spermatozoa;  and  it  is  on  this  type,  that  the  process  is  most  commonly 
performed.  According  to  Wagner,  however,  vesicles  of  evolution  are  not 
always  produced  within  the  primary  cells ;  but  the  nuclei  of  these  may  at 
once  resolve  themselves  into  spermatozoa,  which  then  present  a  solid 
massive  form,  as  in  the  Chilopoda,  Acarida,  and  Entomostraca;  or,  as  in  the 
Nematoid  Entozoa,  the  spermatozoon  is  formed  by  the  conversion  of  the 
cell-membrane  as  well  as  of  the  nucleus  of  the  primary  cell.  Even  where 
the  spermatozoon  is  formed  within  its  own  secondary  cell  or  '  vesicle  of 
evolution,'  it  is  probably  by  the  metamorphosis  of  its  nucleus  that  it  is 
really  evolved;  the  process,  so  far  as  it  can  be  traced,  being  extremely 
analogous  to  that  by  which  the  peculiar  stinging  organs  of  the  Medusae 
and  Hydroid  Polypes  are  developed,  each  of  them  being  a  cell  whose 
nucleus  is  transformed  into  a  fibre,  which  afterwards  projects  from  one 
extremity  of  it  by  the  rupture  or  solution  of  the  cell- wall. 

523.  That  the  Spermatozoa  are  the  essential  constituents  of  the  seminal 
fluid,  and  that  the  latter  has  not  in  itself  any  fertilizing  power  (which  some 
have  attributed  to  it),  may  now  be  regarded  as  fully  proved.  There  are 
some  cases,  as  pointed-out  by  Wagner,  in  which  the  '  liquor  seminis '  is 
altogether  absent,  so  that  they  constitute  the  sole  element  of  the  semen ; 
whilst,  on  the  other  hand,  they  are  never  wanting  in  the  seminal  fluid  of 
animals  capable  of  procreation.  Moreover,  there  are  many  animals  in 
which  the  fecundation  of  the  ovum  only  takes  place  after  the  diffusion  of 
the  seminal  fluid  through  water ;  and  it  is  difficult  to  imagine  that  the 
liquor  seminis,  in  so  extremely  dilute  a  condition,  can  be  operative  for  its 
fertilization;  although,  when  the  vast  multitude  of  spermatozoa  discharged 
at  once  in  such  cases  is  borne  in  mind,  and  their  power  of  continued 
spontaneous  movement  is  taken  into  account,  it  seems  obvious  that  a 
special  provision  has  been  made  for  bringing  the  speiTuatozoa  and  ova 
into  direct  contact.  Such  contact  we  have  every  reason  to  believe  to  be 
essential  to  the  act  of  fecundation.  The  experiment  was  long  ago  tried 
by  Spallanzani,  and  by  Prevost  and  Dumas,  and  has  been  more  recently 
repeated  by  Mr.  Newport,  of  separating  the  spermatozoa  from  the  liquor 
seminis  by  filtration,  and  of  trying  their  respective  efiects  upon  the 
ovum.  Mr.  Newport  found  that  when  thus  separated,  and  applied  to 
different  sets  of  eggs,  those  with  which  either  the  spermatozoa  or  the  fil- 
tering-papers had  been  placed  in  contact,  were  almost  universally  ferti- 
Hzed,  while  only  a  very  few  of  those  treated  with  the  liquor  seminis  were 
fecimdated;  and  the  fertilization  of  these  last  is  attributed  by  him,  with 
great  probabiUty,  to  the  passage  of  a  few  of  the  spermatozoa  through  the 
filtering-paper.* 

524.  The  development  of  the  Spermatozoa  is  in  most  cases  periodical  ■ 
Man  and  some  of  the  domesticated  races  being  the  only  animals  in  which 
there  is  a  constant  aptitude  for  procreation.  The  spermatic  organs  which 
remain  for  long  periods  in  a  state  of  atrophy,  at  particular  times  take-on 
an  increased  development,  and  their  product  is  then  formed  in  great 
abimdance.  Some  of  the  most  remarkable  examples  of  this  kind  are  pre- 
sented by  the  class  of  Pishes;  but  the  contrast  is  scarcely  less  notable  in 
the  Passerine  Birds,  whose  testes  in  spring  attain  to  twenty  or  even  thirty 

;nfIrl'n^^"°'°^f/'''}^'^T'^'*'°''''"  204.-For  the  most  recent  and  complete 

u^ormatu,n  on  the  Development  and  Varieties  of  the  Spermatozoa,  see  the  Art  '  sZi' 
by  Drs.  Wagner  and  Leuckart,  in  "Cyclop,  of  Anat.  and  Physiol.,"  Vol  III 
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times  the  size  and  weight  which  tliey  possess  in  the  winter.  It  is  when 
the  organs  are  undergoing  this  rapid  increase,  that  the  several  stages  in 
the  development  of  the  Spermatozoa  may  be  most  advantageously  studied. 

525.  The  sperm-cell  and  its  contents  having  been  thus  described,  the 
'  Germ-ceir  next  presents  itself  for  our  consideration.  It  can  scarcely  be 
doubted  that  this  is  the  real  character  of  the  germinal  vesicle  (Fig.  22\,vg), 

A  Fig.  221.  „ 


Constituent  parts  of  Maminalian  Ovum  : — A,  entire ;  B,  ruptured,  mth  the  contents  escaping ; 
— m  V,  vitelline  membrane ;  J",  yoDc ;  v  g,  germinal  vesicle ;  i  g,  germinal  spot. 

which  is  a  peculiar  cell,  with  a  very  well-marked  nucleus,  termed  the 
germinal  sjyot  (t  g),  that  presents  itself  in  every  Ovum  when  matured  for 
fecundation.    It  is  surrounded  by  a  mass  of  nutrient  matter,  chiefly  com- 
posed of  albumen  and  oil-particles,  which  is  known  as  the  vitellus  or  yolk 
(J) ;  and  the  whole  is  enclosed  within  an  envelope,  which  is  termed  the 
vitelline  membrane  or  yolk-sac  {inv).    This  membrane  in  the  Mammal 
(whose  ovum  is  here  represented)  is  of  peculiar  thickness  and  transparency, 
and  is  distinguished  as  the  Zonapellucida.    The  size  of  the  ovum  depends 
mainly  upon  the  qiiantity  of  yolk  which  it  contains ;  and  this  seems  pro- 
portioned to  the  grade  of  development  which  the  embryo  is  to  attain, 
whilst  still  dependent  upon  it.    Thus  in  the  Insect,  whose  larvae  come 
forth  from  the  egg  in  a  very  immatui-e  condition,  the  yolk  is  very  minute, 
and  the  bulk  of  the  larva  on  its  immersion  bears  a  marvellously  small 
proportion  to  that  which  it  soon  presents.    On  the  other  hand  in  Bii'ds, 
whose  entire  development  into  the  ornithic  type  is  accompHshed  before 
quitting  the  egg,  the  store  of  yolk  is  much  larger  in  comparison,  and  the 
young  is  not  nearly  so  disj^roportionate  to  the  adult  in  size.   After  it  has 
passed-forth  from  the  ovarium,  and  has  been  fertilized,  the  proper  ovum 
of  many  animals  receives  an  additional  investment  of  albumen,  which  is 
known  as  the  '  white'  of  the  egg ;  this  is  gradually  drawn  into  the  yolk 
as  the  latter  is  exhausted,  and  contributes  to  the  nutrition  of  the  embryo 
during  the  latter  stages  of  its  development.    The  ovum  of  Mammalia, 
whose  yolk  is  extremely  minute,  does  not  (as  might  be  supposed)  con- 
stitute an  exception  to  the  principle  just  stated;  for  the  embryo  makes 
but  a  very  small  advance  in  development,  whilst  sustained  by  the 
material  supplied  by  the  yolk;  and  is  dependent  for  sujiport,  during  the 
whole  remainder  of  its  evolution,  upon  the  nutriment  which  it  derives 
from  the  parent  by  the  more  direct  connection  subsequently  formed 
(§§  607— G08). 
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526  The  Development  of  the  ovum,  like  thcat  of  the  spermatic  cells, 
sometimes  takes  place  in  the  parenchyma  of  the  germ-preparing  organs  or 
ovaries,  sometimes  within  their  cavity.  In  many  of  the  lower  animals, 
the  testes  and  ovaries  bear  such  a  close  resemblance  to  one  another  as  to 
be  quite  undistinguishable ;  and  the  same  is  the  case  m  the  early  condition 
of  the  generative  apparatus  even  of  Man.  In  Articulated  and  Mollus- 
cous animals  generally,  the  ovaries,  like  the  testes,  have  a  glandular 
character;  but  while  the  former  retain  the  vesicular  type,  the  latter  are 
often  prolonged  into  convoluted  tubes.  In  the  Vertebrata,  we  have  a 
return  to  the  parenchymatous  type  of  ovarian  structure;  the  ova  being 
evolved  in  the  midst  of  a  very  solid  fibrous  tissue  or  stroma.  Each  ovum 
seems  to  be  developed  within  a  'parent-cell'  of  its  own,  which  is  called 
the  ovisac;  and  the  production  of  the  ovisacs  may  take  place  very  early 
in  life,  for  in  the  ovaries  of  some  animals  they  can  be  detected  almost  as 
soon  as  these  organs  are  themselves  evolved,  and  generally  present  them- 
selves not  long  afterwards.  The  germinal  vesicle  is  the  part  of  the  ovum 
which  earliest  shows  itself  within  the  ovisac;  and  is  at  first  seen  in  its 
centre,  sun-ounded  by  an  assemblage  of  granules  which  is  the  commence- 
ment of  the  yolk.  This  collection  gradually  augments,  and  the  vitelline 
membrane  is  developed  arovmd  it;  and  as  the  ovum  advances  towards 
maturity,  it  draws  from  the  enveloping  vascular  substance,  that  amount  of 
albuminous  and  oleaginous  matters  which  is  appropriate  to  it.  Like  the 
augmented  development  of  the  contents  of  the  spermatic  organs,  that  of 
the  ovaries  is  generally  periodical ;  a  large  number  of  ova,  in  most  of  the 
lower  tribes  of  animals,  are  advancing  towards  maturity  at  the  same 
period,  and  they  are  discharged  either  simultaneously  or  successively; 
after  which,  the  ovarium  relapses  into  its  previous  inactivity.  In  the 
Human  female,  however,  and  in  that  of  many  domesticated  animals,  the 
difference  between  these  two  states  is  much  less  marked ;  and  although 
the  complete  maturation  of  the  ova,  and  their  escape  from  the  ovary,  may 
only  take  place  at  particular  intervals,  yet  there  appears  to  be  a  con- 
tinual advance  towards  that  maturation,  even  during  the  earlier  periods 
of  life.  "When  it  has  attained  its  full  development,  the  ovum  escapes 
from  the  ovisac,  wliich  either  ruptures  or  thins-away  to  give  it  exit ;  and 
it  is  then  ready  for  fecundation.  If  not  fecundated,  it  usually  dies  within 
a  few  days;  its  continued  life  being  dependent  upon  the  due  per- 
formance of  the  operations  for  which  it  is  destined. 

527.  The  Fecundation  of  the  ovum  is  accomplished  by  the  contact  of 
the  spermatozoa ;  and  the  place  and  circumstances  of  this  contact  vary 
considerably,  as  already  pointed-out.  It  does  not  appear,  however,  that 
the  essential  nature  of  the  fecundating  process  is  in  any  way  influenced 
by  the  locality  in  which  it  occurs ;  and  what  is  true  of  one  case,  is  pro- 
bably time  of  all.  Great  difficulties,  howevei",  stand  in  the  way  of  the 
determination  of  the  changes  in  the  ovum,  which  immediately  precede 
and  follow  the  act  of  fecundation ;  and  observers  are  by  no  means  agreed 
upon  the  point.  The  '  germinal  vesicle'  of  the  ovum  which  is  approacliing 
maturity,  no  longer  presents  its  ordinary  pellucidity,  hut  becomes  obscure ; 
and  this  obscuration,  which  has  led  some  to  the  belief  in  its  entire  dis- 
appearance, is  afiirmed  by  Dr.  Barry  to  be  due  to  the  development  of  a 
mass  of  cells  in  its  interior,  which  sprout,  as  it  were,  from  the  germinal 
spot,  and  gradually  fill-up  its  cavity.    This  statement  is  confirmed  by 
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Wagner,  and  Vogt;  wliose  observations  lead  tliem  to  tlie  belief  that 
wlien  thus  filled  with  cells,  the  germinal  vesicle  bursts  and  sets  them  free, 
so  that  they  become  difi-used  through  the  yolk.  This  view  is  adopted 
also  by  Mr.  Newport,  as  the  result  of  his  recent  observations  on  the  ovum 
ot  the  Ampliibia;  and  he  states  that  this  dissolution  of  the  germinal 
vesicle  and  diffusion  of  its  contents  take  place  as  a  preparation  for  fecun- 
dation, and  not  in  consequence  of  it.*  That  the  spermatozoa  actually 
make  their  way  through  the  vitelline  membrane,  and  penetrate  to  the  in- 
terior of  the  ovum,  has  been  affirmed  at  different  times  by  various 
observers  (as  MM.  Prevost  and  Dumas,  Dr.  Martin  Barry,  Prof  Wagner, 
Dr.  Nelson,  and  Dr.  Keber) ;  but  exceptions  having  been  taken  to  their 
statements  by  other  eminent  physiologists, f  they  have  not  obtained 
general  currency.  The  results  of  the  very  careful  study  of  the  process  of 
impregnation  in  the  Prog,  recently  made  by  Mr.  Newport,  seem,  however, 
to  leave  no  reasonable  doiibt  on  this  point :  for  the  penetration  of  the 
spermatozoa  into  the  thick  gelatinous  envelope  of  the  ovum,  so  that  their 
large  extremities  come  into  close  contact  with  the  vitelline  membrane, 
may  be  observed  (as  the  Author  can  himself  bear  testimony)  without  any 
difficulty,  and  under  favourable  circumstances,  the  spermatozoa  may  be 
detected  within  the  Adtelline  cavity  in  direct  communication  with  the 
substance  of  the  yolk.  J  They  do  not  enter  by  any  special  orifice,  but 
pierce  the  substance  of  the  envelopes  at  any  part  with  which  they  may 
happen  to  come  into  contact.  Some  time  after  entering  the  yolk-chamber, 
they  become  disintegrated;  being  resolved  at  first  into  elementary  granules, 
and  probably  afterwards  deliquescing  entirely.  It  ajijaears  from  Mr. 
Newport's  ingenious  experiments,  that  the  contact  of  a  single  spermatozoon 
is  not  adequate  to  produce  complete  fecundation,  but  that  the  penetration 
of  a  certain  number  of  spermatozoa  is  requisite ;  and  he  has  ascertained 
that  fecundation  may  be  effected  partially  (so  as  to  occasion  some,  though 
not  all,  of  the  normal  changes  in  the  ovum),  by  a  smaller  amount. 
Availing  himself  of  the  agency  of  caustic  potass,  which  had  been  ascer- 
tained by  Frerichs  to  be  a  powerful  solvent  of  the  spermatozoa,  he  applied 
this  agent  to  the  ova  at  determinate  periods  after  the  application  of  these 
bodies ;  and  he  found  that  when  the  interval  of  time  between  the  appli- 
cation of  the  seminal  fluid  and  that  of  the  solution  of  jDotash  was  only  one  or 
two  seconds,  the  '  segmentation'  of  the  yolk  took  place  (§  528),  but  no 
embryoes  were  produced.  When,  however,  the  interval  was  five  seconds, 
a  very  few  embryoes  were  formed ;  but  when  the  interval  was  fifteen  or 
more  seconds,  they  were  produced  in  greater  number. — The  spermatozoon 
may  be  looked-upon  as  a  sort  of  solidification  of  the  contents  of  the 
'  sperm-cell,'  endowed  with  a  temporary  power  of  spontaneous  movement, 
for  the  purpose  of  bringing  it  into  contact  with  the  '  germ-cell,'  and  re- 
solved by  that  contact  into  its  original  fluid  form,  in  which  it  is  capable 
of  acting  upon  the  product  of  the  germ-cell  within  the  ovum.  It  is 
obvious  that  the  whole  process  thus  comes  to  bear  a  very  close  correspond- 

*  "Philos.  Transact.,"  1851,  p.  179. 

f  See  especially  Dr.  BischolF's  "  Widerlegung  des  von  Dr.  Keber  bei  den  Najaden,  und 
Dr.  Nelson  bei  den  Ascariden,  beliaupteten  Eindringens  der  Spermatozoiden  in  das  Ei," 
Greissen,  1854. — Dr.  Bisclioff  most  completely  disposes  both  of  Dr.  Keber's  and  Dr.  Nelson's 
assertions,  and  fully  points-out  the  errors  of  observation  and  of  interpretation,  on  wliich 
they  have  been  based. 

X  "Philos.  Transact.,"  1853,  pp.  266—281. 
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euce  to  the  fertilization  of  the  embryonal  vesicle,  by  the  antherozoids  of 
Cryptogamia,  or  by  the  pollen-tubes  of  Flowering-Plants. 

528.°The  first  changes  consequent  upon  fecundation  are  so  nearly  the 
same  in  their  character  in  all  Animals,  that  it  is  desirable  to  give  such  a 
general  account  of  them,  as  shall  be  applicable  to  the  greater  number  of 
mdividual  cases,  and  shall  thus  serve  as  a  foundation  on  which  to  build 
the  special  descriptions  hereafter  to  be  given,  of  the  principal  plans  of 
development  which  are  exhibited  during  the  later  stages.  In  the  impreg- 
nated ovum  of  many  Entozoa,  whose  transparency  enables  their  interior 
to  be  more  clearly  discerned  than  that  of  most  higher  animals,  a  new  and 
peculiar  cell,  the  '  embryonic  vesicle,'  is  seen  in  the  midst  of  the  yolk ; 
which,  from  its  subsequent  history,  may  obviously  be  regarded  as  the 
equivalent  of  the  'primordial  cell'  of  Phanerogamia  (§  505).  The  origin 
of  this  cell  has  not  been  distinctly  traced ;  but  it  is  probably  formed  de  novo, 
like  the  primordial  cell  of  the  Yegetable  embryo,  either  as  a  'free  cell' 
or  in  the  interior  of  one  of  the  secondary  cells  that  have  been  set-free  by 
the  rupture  or  diffluence  of  the  germinal  vesicle.  The  latter  would  seem 
most  probable,  from  the  analogy  of  the  Phanerogamia.  In  the  ova  of 
certain  Entozoa  (as  CucuUanus  and  A scaris  dentata),  and 'perh.sips  in  those 
of  other  animals  belonging  to  the  inferior  classes,  the  development  of  the 
embryonic  mass  commences  very  much  after  the  same  plan  as  in  Plants. 
The  primordial  cell  lying  fcee  in  the  midst  of  the  yolk,  subdivides  into 
two,  each  of  these  into  two  others,  and  so  on,  according  to  the  regular 
type  of  cell-multiplication  in  a  growing  part;  so  that,  in  place  of  the 
single  cell,  we  have  first  2,  then  4,  then  8,  then  16,  then  32,  and  so  on. 
As  these  cells  multiply  and  enlarge,  they  draw  into  themselves  the 
nutrient  matter  which  siurounds  them ;  so  that,  when  the  whole  yolk 
has  been  thus  absorbed,  the  yolk-bag  is  entirely  occupied  by  the  embryonic 
mass,  entirely  composed  of  cells  evolved  from  the  primordial  embryo-cell, 
thus  representing,  in  the  manner  of  its  development,  the  embryo  of  a 
Leguminous  plant  (§  506).    But  in  other  Entozoa  (even  in  some  species 

Fig.  222. 
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Successive  stages  of  Segmentation  in  Uie  vitcUus  of  the  Ovum  of  Ascaris  acitminata  —a  nv,im 
recently  impregnated,  the  yolk-bag  slightly  separated  from  the  enveloping  membrane  •  b  flrS 
fission  into  two  halves;  c,  second  fission,  forming  four  segments;  D,  yolk,  now  dividert  Inf^ 
numerous  segments;  i!,  formation  of 'mulberry  mass'  by  further  segmentation •  p  the  mn»a 
of  cells  now  begmmng  to  show  the  form  of  the  future  worm ;  G,  further  progress  of  its  evJ.b, 
tion ;  K,  the  worm,  formed  by  the  conversion  of  the  yolk-ceUs,  now  nearly  mature 
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of  Ascaris)  a  different  plan  is  followed ;  for  each  of  the  cells  which  is  pro- 
duced by  the  successive  fissions  of  the  embryonic  vesicle,  draws  around 
Itself  a  certain  portion  of  the  yolk,  which  thus  successively  divides  into  as 
many  segments  as  there  are  embryonic  cells;  and  thus  is  produced  that 
segmentation  of  the  entire  yolk,  or  of  a  part  of  it,  which  is  one  of  the  most 
striking  features  in  the  early  history  of  embryonic  development  in  all  the 
higher  animals.  The  several  stages  of  this  process,  as  it  takes  place  in 
the  ovum  of  Ascaris  acuminata,  are  shown  in  Fig.  222,  a,  b,  c,  d,  e;  and, 
for  the  sake  of  comparison,  the  early  stages  of  segmentation  in  the  yolk 
of  the  Mammalian  ovum  are  shown  in  Fig.  223,  a,  b.  c.    It  should  be 


Fig.  223. 
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Progressive  stages  in  the  Segmentation  of  the  vitellus  of  the  Mammalian  Ovum  : — A,  its  first 
division  into  two  halves;  B,  subdivision  of  each  half  into  two ;  c,  further  subdivision,  producing 
numerous  segments. 

stated,  however,  in  regard  to  the  latter,  that  the  primordial  cell  has 
not  yet  been  clearly  made  out  in  its  interior,  and  that  the  nature  of  the 
body  which  forms  the  centre  of  each  segment  has  not  been  precisely  de- 
termined ;  if  not  actually  a  cell,  however,  there  can  be  little  doubt  that 
it  is  a  cell-nucleus,  and  that  it  is  the  lineal  descendant  of  the  immediate  j)ro- 
duct  of  the  mutual  action  of  the  contents  of  the  'sperm-cell'  and  '  germ-cell.' 

529.  When  this  process  has  gone-on  to  such  an  extent,  as  to  fill  the 
entire  yolk-bag  with  an  aggregation  of  minute  spherical  segments  of 
yolk  (Fig.  222,  e),  having  each  a  minute  cell  or  cell-nucleus  in  its 
interior,  every  segment  becomes  invested  with  a  cell-membrane  of  its 
own;  so  that  the  result  produced  is  in  effect  the  same,  as  in  the  case  in 
which  the  descendants  of  the  embryonic  vesicle  drew  the  yolk  into  their 
own  cavity;  for  the  yolk-bag  is  now  occupied  by  a  mulberry-like  mass  of 
cells,  every  one  of  which  has  a  share  of  the  'germinal  capacity'  possessed 
by  the  original  embryonic  vesicle ;  and  it  is  by  the  transformation  of 
these  cells,  that  the  embryonic  structures  are  subsequently  evolved. — In 
a  considerable  number  of  the  higher  animals,  however,  in  whose  ova  the 
yolk  is  large  enough  to  carry-on  their  development,  so  that  they  arrive 
at  their  characteristic  forms  while  yet  within  the  egg,  this  segmentation 
does  not  take  place  in  the  whole  yolk,  but  only  in  that  part  of  it  imme- 
diately surrounding  the  embryonic  vesicle,  which  lies  on  the  surface, 
instead  of  in  the  centre,  of  the  yolk.  This  may  be  well  observed  in  Fishes 
(Fig.  224,  a-e)  ;  and  according  to  M.  Coste,  it  is  by  a  similar  process  that 
the  cicatricula  or  germ-spot  is  produced  at  the  surface  of  the  yolk-bag  of 
Birds,  whence  all  subseqxient  changes  emanate.     This  sepai-ation  of  the 
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yolk  into  two  parts — that  which  cleaves,  and  that  which  does  not  cleave, 
 lifis  not  yet  been  observed  in  any  Invertebrata,  save  the  Cephalopoda. 


Early  stages  in  the  development  of  the  Ovum  of  Coregonus  palma.  In  all  the  figures,  a  in- 
dacates  the  shell-membrane;  b,  theviteUus;  e,  e,  oil-globules  in  the  vitellus ; /,  the  albumen; 
g,  viteUine  membrane ;  h,  situation  of  the  germinal  vesicle ;  *,  germinal  mass  :— a,  ovarian 
ovum,  with  a  sHght  elevation  in  the  situation  of  the  germinal  vesicle;  B,  ovum  two  days  after 
fecundation,  showing  the  germinal  elevation,  probably  produced  by  the  attraction  of  a  portion 
oi  the  yolk  around  the  embryonic  vesicle;  o,  ovum  rather  more  advanced,  showing  the  furrow 
mdieative  of  the  first  cleavage ;  d,  later  stage,  a  second  cleavage  having  taken  place,  so  as  to 
produce  tour  segments ;  e,  further  progress  of  the  segmentation;  f,  development  of  the  'mul- 
berry-mass by  continued  fission. 

It  is  obvious  that  the  non-cleaving  portion  of  the  yolk  is  to  be  regarded 
as  a  superaddition  to  the  true  yolk,  which  is  employed  in  forming  the 
'  mulberry  mass,'  being  destined  to  afford  the  material  for  the  ulterior 
development  of  the  cells  of  which  this  is  composed;  the  former  may  be 
distinguished  as  the  'food-yolk,'  the  latter  as  the  '  germ-yolk.' 

530.  The  most  general  phenomena  of  Eeproduction  having  been  thus 
described,  we  have  now  to  turn  our  attention  to  the  principal  specialities 
which  the  process  exhibits  in  the  several  groups  of  the  Animal  kingdom 
—Of  the  history  of  reproduction  among  the  Protozoa,  our  knowled^^e  is  at 
present  very  limited.    The  propagation  of  the  greater  number  of  the  (so- 
called)  Polygastric  Infusoria  is  only  known  to  be  effected  by  the  process 
of  subdivision,  or /m^arozis  multiplication  (Fig.  225),  which  is  analogous 
on  the  one  hand,  to  that  which  we  have  seen  to  prevail  in  the  parallel 
group  of  Plants  (§  349),  and  on  the  other  to  that  which  occurs  in  the 
earliest  stage  of  embryonic  development  in  the  highest  Animal  (S  528^ 
It  IS  cunous  to  observe  that  the  direction  of  this  division  is  not  constant 
m  different  individuals  of  the  same  species;  this  being  sometimes  longi- 
tudinal (A,  B,  0),  sometimes  transverse  (d,  e,  f).    It  is  possible  that  thel-e 
may  be  here  some  such  alternation,  as  we  commonly  see  in  the  direction 
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of  the  subdivision  of  cells,  which  remain  connected  together  and  are  not 
growing  m  one  direction  only  (Fig.  165,  e).     The  multiplication  of 


Fig.  225. 


Fissiparous  multiplication  of  Chilodon  ciicullnlus;  A,  B,  c,  successive  stages  of  longitudinal 
nssion;  D,  E,  P,  successive  stages  of  transverse  fission. 

'zooids'  may  take  place  after  this  method  with  such  extraordinary 
rapidity,  that,  according  to  the  computation  of  Prof  Ehrenberg,  founded 
upon  observations  made  on  Paramcecium,  no  fewer  than  268  millions  of 
these  Animalcules  might  be  produced  in  a  month  from  a  single  one. — 
Besides  the  fissiparous  mode,  the  gemmipa/i'ous  is  not  unfrequently  seen, 
a  bud  being  put  forth,  which  gradually  increases  in  size,  acquires  the 
characters  of  its  stock,  and  at  last  becomes  detached;  this  is  especially 
observable  in  the  VorticelUnce  (Fig.  226),  which,  in  their  stationary 
habits,  strongly  remind  us  of  Polypes,  whose  gemmiparous  tendency  is 
so  remarkable. — In  addition  to  these  methods,  it  would  appear  that 
certain  Infusoria,  especially  the  Kolj)odvnce,  propagate  by  the  breaking-up 
of  their  own  mass  into  reproductive  particles ;  a  method  that  strongly 
reminds  us  of  the  dispersion  of  the  zoospores  of  such  Algae  as  the  AcMya 
prolifera  (Fig.  164).  But  it  can  scarcely  be  doubted  that,  as  this  method 
of  multiplication  is  in  reality  only  an  extension  of  the  same  primordial 
stock,  a  true  generative  act  must  occasionally  become  necessary,  in  order 
to  reproduce  the  capacity  for  such  continued  propagation.  It  is  not  an 
unimportant  consideration  bearing  upon  this  subject,  that  the  appearance 
of  Animalcides  in  fluids,  into  which  it  seems  certain  that  their  germs 
must  have  been  conveyed  by  the  air,  indicates  that  they  must  have 
arrived  there  in  some  different  condition;  since  most  of  these  Animal- 
cules are  themselves  killed  by  desiccation,  although  the  more  highly- 
organized  Botifera  may  be  wafted  by  the  atmosphere,  and  dispersed  over 
the  entire  globe,  in  a  perfectly  dry  state,  without  the  loss  of  their  vitahty. 
There  is  cei-tainly  much  still  to  be  learned  respecting  these  remarkable 
beings ;  and  nothing  but  patient  observation  of  particular  species,  extend- 
ing over  long  periods  of  time,  will  unravel  the  mystery  which  at  present 
hangs  over  their  nature  and  origin. — It  might  be  expected,  from  the 
analogy  of  the  Protophyta,  that  a  process  resembling  'conjugation' would 
now  and  then  occur  in  the  Protozoa;  and  such  a  process  has  been 
remarked  by  Prof  Kblliker  and  Dr.  Cohn  in  Actinoiohrys*  Two  Acti- 
nophrys  approximate  and  coalesce,  so  as  to  form  what  appeal's  to  be  a 
single  individual;  but  the  nucleus  of  this  developes  itself  into  a  cell,  which 
gradually  takes-on  the  character  of  its  parent;  and  the  young  Actino- 
phrys  thus  generated  probably  soon  escapes  from  the  body  which  encloses 

*  "Siebold  and  Kiilliker'.i  Zeitschrift,"  1849  and  1851. 
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Fig.  226. 


it.  A  like  process  has  been  observed  by  Prof.  Stein  to  take  place  in 
Grega/rina,  a  single-celled  Entozoon  inhabiting  the  intestinal  canal  of 
many  of  the  lower  animals;  for  two  of  these  bodies  fuse  by  conjugation 
into  one  sphere,  which  acquires  a  distinct  integument  or  cyst;  a  great 
pai-t  of  their  contents  becomes  converted  into  spindle-shaped  '  spores,' 
whilst  the  remainder  liquefies;  and  the  spores  set-free  by  the  bursting 
of  the  cyst,  seem  to  develope  themselves  into  a  new  generation  of 
Gregarinfe.* 

531.  It  wovdd  be  premature,  however,  to  assert  that  such  is  the  case 
with  every  reputed  species  of  Infusoria;  and  it  appears  to  have  been 
well  established  by  Prof  Stein's  observations,  that,  in  certain,  instances 
at  least,  one  form  originates  in  another  very  dissimilar  to  it, — as  had,  in- 
deed, been  frequently  suspected  from  the  fact  of  the  occasional  disap- 
pearance of  particular  tribes  of  Animalcules  from  infusions  that  previously 
swarmed  with  them,  and  from 
thefr  replacement  by  others 
of  very  different  aspect.  The 
Vorticellce  (which  are  bell- 
shaped  Animalcules  attached 
by  stalks,  and  having  a  fringe 
of  ciHa  disposed  around  a  disk, 
Fig.  226),  are  seen  at  a  certain 
stage  of  their  existence  to  be- 
come '  encysted ; '  drawing-in 
their  ciliated  disk,  and  con- 
tractingtheir  bodies  intoa  ball; 
at  the  same  time  secreting 
around  themselves  a  gelatinous 
mass,  which  solidifies  into  a 
firmer  elastic  covering.  This 
process  sometimes  takes  place 
while  the  Vorticella  is  attached 
to  its  stalk  (Fig.  227,  a);  but 
the  stalk  in  that  case  soon 
breaks;  and  more  commonly 
the  cyst  is  formed  around  the 
animal  whilst  it  is  freely  swim-     n      ^rir^  n     i  v  • 

J    .  Group  of  Vorhcella  nehulifera,  showing  a  the  ordinary 

ming  (b).  These  encysted  V  or-  form,  b,  the  same  with,  the  stalk  contracted,  c,  the  same 

ticellEB  may  undergo  two  sets  of  ^tus  L^^tipLS'  °'  ^"^p^" 

changes  very  difiercnt  in  kind. 

In  some,  the  band-like  nucleus  (a,  h)  breaks-up  into  a  number  of  disciform 
bodies  (c) ;  and  these  grow  at  the  expense  of  one  part  of  the  granule- 
substance  of  the  original  animalcule,  whilst  the  other  part  becomes 
changed  into  the  clear  gelatinous  mass,  in  which  the  embryoes  afterwards 
swim.  The  original  Yorticella-vesicle  at  this  period  presents  a  sacculated 
aspect  (d),  and  many  hyaline  spaces  are  seen,  which  sometimes  disappear 
suddenly,  to  reappear  elsewhere.  Finally,  the  cyst  ruptures,  and  the 
gektinous  mass  with  its  included  embryoes  is  discharged  (e);  these  have 
a  simple  monad-like  form,  and  so  closely  resemble  in  their  appearance 
and  movements  the  smallest  and  youngest  Yorticellaa  yet  observed,  that 

*  Op.  cit.,  Band  III.,  Heft  4. 
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it  can  scarcely  be  doubted  that  tbey  are  directly  developed  into  the  form 

of  the  body  from  which 
they  were  given-forth. 
In  other  instances,  how- 
ever, the  encysted  Voi-ti- 
cella  becomes  changed 
into  an  Acineta  (a  form 
closely  resembling  that 
of  A  ctinojjhrys  sol),  by  ex- 
tending itself,  sometimes 
on  one  side,  sometimes  on 
all  sides,  and  by  thriLst- 
ing-out  processes  of  its 
wall  thus  thinned  (f); 
whilst  its  band-like  nu- 
cleus becomes  entirely 
metamorphosed  into  a 
free  body  of  ovate  form, 
which  carries  at  its  more 
pointed  end  a  circlet  of 
long  vibrating  cUia,  while 
its  more  obtuse  end  is  per- 
forated by  a  mouth  which 
communicates  with  a  dis- 
tinct oral  cavity  (g).  In 
the  interior  of  this  off- 
spring we  already  observe 
a  long,  oval,  slightly-bent 
nucleus,  and  a  round 
rhythmically  -  contracted 
clear  space ;  and  its  whole 
aspect  is  that  of  a  young 
Vorticella-bud  just  ready 
to  quit  its  stock.  This 
body  escapes  from  the 
interior  of  the  Acineta, 
by  a  gap  formed  in 
some  jDart  of  its  wall; 
which  soon  closes  again ; 
and  the  Acineta  then 
goes  on  stretching-out  and  retracting  its  radiating  filaments,  and  after  a 
time  produces  in  its  interior  a  new  nucleus  for  a  second  Yorticella-bud.* 
— It  would  seem  most  probable  from  the  analogy  oi  Actinoi)hrys  (§531), 
that  the  latter  of  these  processes  is  consequent  upon  the  conjugation  of 
two  individuals,  and  is  therefore  a  true  generative  act ;  while  the  former 
seems  rather  to  correspond  with  the  evolution  of  'zoospores'  in  Proto- 
phyta  (§  351),  or  with  that  of  free  gemmae  in  the  Cystic  state  of  the 

*  See  "Siebold  and  Kolliker's  Zeitschriffc,"  Band  III.,  Heft  4;  and  the  translation  of 
Prof.  Stem's  Memoir  in  "Annals  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  IX.,  p.  471.  See  alsoM. 
Jules  Hainie  on  Trichoda  lynceus,  in  "Ann.  des  Sci.  Nat.,"  3"  Ser.,  Zool.,  Tom.  XIX., 
p.  109,  et  seq. 


DeTelopment  and  Metamorphoses  of  Vorticella  microstoma: — 
A,  full-grown  individual  in  its  encysted  state;  a,  retracted  oval 
cii'clet  of  cUia;  h,  nucleus;  e,  contractile  space; — B,  a  cyst  sepa- 
rated from  its  stalk; — c,  the  same  more  advanced,  the  nucleus 
broken-up  into  spore-like  globules; — D,  the  same  more  developed, 
the  original  body  of  the  Vorticella,  d,  having  become  sacculated, 
and  containing  many  clear  spaces; — e,  one  of  the  sacculations 
having  burst  through  the  enveloping  cyst,  a  gelatinous  mass,  e,  con- 
taining the  spores,  is  discharged; — p,  transformation  of  encysted 
Vorticella  (b)  into  form  of  4eine<a;  b,  nucleus; — G,  stalked  Acineta- 
form  of  Vorticella,  enclosing  a  young  one,  the  result  of  the  trans- 
formation of  the  nucleus; — H,  y^oung  free  Vorticella;  a,  b,  c,  as  in 
rig.  1 ;  g,  posterior  circlet  of  cilia. 
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Cestoid  Entozoa  (§  571).  In  their  encysted  state,  the  Vorticellinse  appear 
to  be  capable  of  undergoing  desiccation  wdthoiitthe  loss  of  their  vitality  j 
and  the  same  is  probably  true  of  other  Animalcules. 

532.  Although  our  knowledge  of  the  Generative  process  in  ihe  Porifera 
(Sponges)  is  very  incomplete,  yet  there  can  be  little  doubt  that  it  is  con- 
formable, in  all  essential  particulars,  to  the  ordinary  type.  Between  the 
cortical  and  the  central  substances  of  Tetliya,  Mr.  Huxley  has  detected 
ova,  with  their  characteristic  vitellary  membrane,  yolk-svibstance,  germinal 
vesicle  and  germinal  spot;  while  the  granular  mass  in  which  these  are 
imbedded,  consists  entirely  of  small  circular  cells  about  1 -3000th  of  an 
inch  in  diameter,  and  of  spermatozoa  in  every  stage  of  development  from 
those  cells.  It  is  remarkable  that  the  ova  are  here  in  no  way  separated 
from  the  spermatozoa,  but  lie  in  the  spermatic  mass  like  eggs  packed  in 
sand.* — Two  classes  of  reproductive  bodies  have  been  observed  in  Sponges; 
namely,  gemmules,  and  capsules.  The  former  seem  like  detached  portions 
of  the  gelatinous  flesh  lining  the  canals,  which,  being  furnished  with  cilia, 
issue-forth  £i-om  the  vents,  and  transport  themselves  to  distant  spots 
where  they  may  lay  the  foundation  of  new  sponges.  The  latter  are  bodies 
of  a  larger  size,  frequently  having  a  very  peculiar  investment  strengthened 
by  siliceous  particles,  and  containing  numerous  globular  particles,  every 
one  of  which,  when  set-free  by  the  rupture  of  its  envelope,  may  become 
a  sepax'ate  zooid.  It  seems  probable  that  these  capsules  are,  like  the 
spore-cases  of  Mosses,  true  generative  products ;  and  that  the  globular 
bodies  then  set-free,  may  represent  the  component  cells  of  the  '  mulberry 
mass'  resulting  from  the  segmentation  of  the  yolk,  which,  in  these  very 
simple  forms  of  animal  existence,  may  separate  from  each  other,  and  may 
develope  themselves  into  independent  'zooids,'  just  as  the  spores  of  the 
Moss,  which  are  the  immediate  descendants  of  its  primordial  cell,  develope 
themselves  into  separate  '  phy  toids'  (§491).  The  view  of  the  relation  between 
the  gemmides  and  the  capsules,  which  regards  the  former  as  free  gemmsB, 
and  the  latter  as  the  true  ova,  is  in  harmony  with  the  fact,  that  while 
the  former  are  produced  at  the  period  of  the  most  active  growth  of  the 
sponge;  the  latter  are  developed  (like  the  ova  of  the  Hydra,  §  533)  towards 
winter,  when  the  mitritive  operations  are  failing,  and  when  in  many 
cases  the  parent-structure  is  about  to  die. — Of  the  history  of  the  develop- 
ment of  sponges,  very  little  is  yet  known;  but  as  it  appears  from  the  ob- 
servations of  Mr.  Carter,t  that  the  germinal  particles  set-free  from  the 
capsules  of  Spongilla  give  origin  directly  to  protean-cells,  resembling  those 
of  which  the  great  mass  of  their  tissue  is  composed,  it  may  be  surmised 
that  the  process  is  of  the  simplest  kind,  consisting  in  the  multiplication 
of  these  protean-cells  by  duplicative  subdivision,  and  in  the  production  of 
the  component  spicules  of  the  skeleton  within  some  of  these;  the  aggre- 
gate mass,  as  it  is  thus  evolved,  taking  the  characteristic  form  of  the 
species.— Of  the  nature  of  the  Generative  process  in  the  allied  group 
of  Rhizopoda,  nothing  whatever  is  known.  It  may  be  stated  with 
certainty,  however,  that  those  composite  fabrics,  which  constitute  the  in- 

,  *  "Ann.  of  Nat  Hist.,"  2nd  Ser.  Vol.  VII.,  p.  370.-Each  spermatozoon  is  described 
by  Mr.  Huxley  as  being  not  developed  within  its  sperm-cell,  but  as  being  itself  tbe  siierm 
cell,  metamorphosed  by  the  protrusion  of  a  long  filament  which  becomes  the  'taU  '  whilst 
the  remamder,  somewhat  elongated  and  pointed,  forms  the  'head  '  ' 
t  Op.  cit.,  Vol.  IV.,  p.  89. 
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terestmg  group  of  Foraminifera,  are  the  result  of  gemmation  from  a  single 
stock,  each  chamber  of  their  polythalamous  cells  being  the  product  of  a 
distinct  zooid.  The  successive  zooids  are  put-forth  according  to  a  definite 
pattern,  which  is  tolerably  constant  for  each  species;  and  their  mutual 
independence  is  shown  by  the  continuance,  not  merely  of  their  existence, 
but  of  then-  power  of  increase,  after  their  detachment  from  each  other, 

533.  In  the  class  of  Polypifera,  the  true  Generative  operation  is 
universally  performed;  notwithstanding  that  the  multiplication  of  inde- 
pendent zooids  is  still  effected  to  a  great  extent  by  the  process  of  gem- 
mation. The  Hydra  presents  us  with  almost  the  simplest  possible 
condition  of  their  sexual  apparatus,  no  special  organs  being  developed  for 
the  evolution  of  either  the  sperm-cells  or  the  ova,  which  are  formed  in 
the^  substance  of  the  wall  of  the  stomach ;  *  but  they  are  not  evolved 
indiscriminately  in  every  part,  the  former  being  always  found  just  be- 
neath the  arms,  and  the  latter  nearer  to  the  foot.  Although  both  sets 
of  generative  organs  may  be  developed  in  a  single  Hydra,  yet  it  is  not 
uncommon  for  one  to  bear  sperm-cells  only,  and  for  another  to  produce 
only  ova.  "Whether  the  Hydrse  be  monoecious  or  dioecious,  however,  it 
is  probable  that  the  fertilization  of  their  ova  is  accomplished  by  the 
diffusion  of  the  spermatozoa  through  the  water,  rather  than  by  any  more 
direct  application. — The  development  of  the  ovum  has  not  yet  been 
studied ;  but  there  can  be  little  doubfc  that  the  embryo  is  at  once 
evolved  into  the  likeness  of  its  parent,  since  the  collections  of  fresh 
water  inhabited  by  the  Hydra  do  not  contain  any  organism  that  could 
be  regarded  as  an  intermediate  form.  It  seems  probable,  therefore,  from 
the  analogy  of  other  cases  (§  538),  that  when  the  yolk-bag  has  been  filled 
by  the  mulberry-mass,  the  cells  of  the  interior  liquefy,  so  as  to  leave  a 
cavity  which  becomes  the  stomach,  whilst  the  cells  of  the  exterior  remain 
to  form  the  walls  of  that  cavity,  and  absorb  its  contents ; — that  a  thin- 
ning-away  takes  place  in  a  certain  spot  of  this  wall,  so  as  to  form  the 
mouth,  as  happens,  in  fact,  during  the  development  of  the  gemmae  which 
bud-off  from  the  body  of  the  adult  Hydra  (Fig.  228) ; — and  that,  as  in 
those  gemmae,  the  tentacula  are  gradually  developed  around  the  mouth, 
making  their  first  appearance  as  Little  knobs,  and  then  progressively 
elongating  themselves  until  they  have  attained  their  normal  dimensions,  t 
Although  a  multiplication  of  independent  'zooids'  takes  place  in  this 
simple  Zoophyte  to  an  unlimited  extent,  these  are  all  but  repetitions  of 
the  original  form;  and  every  one  of  them  may  in  its  turn  develope  a 
sexual  apparatus,  without  the  intervention  of  that  intervening  form, 
which,  under  some  aspect  or  other,  seems  to  be  presented  by  all  the  other 
Hydroid  Zoophytes  (§§  538—540). 

534.  The  origination  of  a  'new  generation'  by  the  fertilization  of  an 
ovum,  is,  however,  a  rare  phenomenon  in  the  Hydra,  in  comparison  with 
the  multiplication  of  the  existing  generation  by  the  process  of  Gemma- 
tion.    The  gemmte  which  are  to  become  independent  '  zooids,'  at  first 

*  According  to  M.  Eouget  ("  Comptes Rendus  de  la  Societe  de  Biologie,"  1851,  p.  141), 
the  ova  originate  in  an  '  ovular  mass'  resulting  from  an  iacreased  development  of  tlie  cells 
between  the  iQuer  and  outer  layers  of  the  polype.  This  mass  may  be  considered  as  repre- 
senting an  ovisac ;  and  the  greater  part  of  its  cells  disappear  by  diffluence,  ha-^^ng  appa- 
rently elaborated  the  nutrient  material  which  is  appropriated  by  the  ovum. 

t  A  particular  description  and  figures  of  the  sexual  process  ia  the  Hydra,  are  given  by 
Dr.  Allen  Thomson  in  the  "  Edinb.  New  Phil.  Journal"  for  April,  1847. 
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appear  as  knob-like  protuberances  from  the  body  of  the  original  '  stock ; ' 
they  gradually  increase  in  size,  and  come  to  present  something  of  its  o-wn 
form;  an  aperture  is  then  seen  at  the  free  extremity,  and  around  this 
tentacula  begin  to  sprout.     During  this  jDeriod,  the  cavity  of  the  bud 
communicates  with  that  of  the  stock,  and  the  former  is  of  course  at  first 
supplied  with  nutriment  entirely  by  the  latter ;  and  even  after  the 
tentacula  of  the  bud  are  sufficiently  developed  to  enable  it  to  obtain  food 
for  itself,  the  communication  re- 
mains open  for  a  time,  as  appears  Pio.  228. 
from  the  fact  that  either  of  the 
stomachs  is  distended  when  the 
other  is  fed.  As  the  bud  advances 
towards  completeness,  however,  the 
aperture  contracts,  and  is  at  last 
obliterated;  the  stalk  itself,  by 
which  it  is  attached,  gradually  be- 
comes more  slender,  and  is  at  last 
broken  by  any  slight  effort  on 
the  part  of  either  the  Hydra  or  the 
gemma ;  and  the  latter,  thus  set 
free,  henceforth  leads  a  life  of 
entire  independence.    Not  unfre- 
quently,  however,  if  the  weather 
be  warm,  and  the  supjjly  of  food 
be  plentiful,  the  gemma  itself  be- 
gins to  put  forth  secondary  gemmae 
before   its  separation  from  the 
stock ;  and  thus  a  composite  struc- 
ture may  be  evolved,  such  as  that 
repi-esented  in  Fig.  228,  in  which 
there  are  ten  primary  buds  in 
various  phases  of  development, 
issuing  from  the  central  stock,  and 
nine  secondary  buds  proceeding 
from  these. — This  process  of  Gemmation  seems  to  continue  almost  indefi- 
nitely, under  the  influence  of  warmth  and  food ;  and  the  determining  con- 
dition of  the  occurrence  of  the  true  Generative  operation  is  a  diminution 
of  temperature,  which,  threatening  destruction  to  the  parent,  calls-forth 
the  exercise  of  the  special  provision  for  the  perpetuation  of  the  race.  In 
this  we  trace  a  marked  conformity  to  the  plan,  of  which  we  see  very 
striking  manifestations  in  the  Yegetable  kingdom;  thus,  it  is  observable 
of  the  fruit-trees  of  temperate  climates,  that  under  the  habitual  influence 
of  a  high  temperature,  and  when  copiously  supplied  with  aliment  they 
will  extend  themselves  by  the  formation  of  leaf-buds  and  branches,  and 
will  bear  few  flowers  or  even  none;  whilst,  on  the  other  hand,  if  the 
temperature  be  lowered,  or  a  part  of  their  supply  of  aliment  be  cut-off  the 
extension  of  the  individual  fabric  will  be  checked,  but  it  will  bear  a  much 
larger  quantity  of  flowers  and  fruit.    (See  also  §  580  ) 

535.  A  more  specialized  form  of  the  Generative  apparatus  is  seen  in 
the  ZTeWW  and  Asteroid  Zoo^\jie^-  in  which  the  spermatozoa  and 
ova  are  developed  m  special  organs  that  occupy  the  chambers  surround- 

N  N 


Hydra  fusca  in  gemination ;  a,  mouth  :  b,  base  : 
c,  origin  of  one  of  the  buds. 
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ing  the  digestive  cavity.  Thci^e  is,  liowevcr,  no  external  distinction 
between  the  testes  in  which  the  sperm-cells  are  evolved,  and  the  ovm-ies 

which  contain  ova;  and  it  is 
Fio.  229.  only  by  microscopic  exami- 

nation of  their  contents,  that 
the  real  nature  of  these  gene- 
rative organs  (which  do  not 
exist  together  in  the  same 
individuals)  can  be  deter- 
mined.* In  the  Actinia  cori-  ■ 
acea  (Fig.  229,  e),  they  are 
about  two  hundred  in  num- 
ber, and  form  elongated 
masses  attached  along  the 
inner  border  of  the  leaflets 
or  vertical  partitions  {d), 
that  radiate  inwards  from  the 
outer  integument  (Fig.  35). 
Each  testis  or  ovary  is  com- 
posed of  several  horizontal 
folds  or  plaits,  which,  when 
unfolded,  show  this  body 
to  be  about  three  times  the 
length  it  assumes  when  at- 
tached to  the  leaflet;  and  each 
plait  is  made  up  of  two  layers 
of  membrane,  between  which 
the  ova  are  developed.  Where 
,  ,    ,      ......        the  sperm-cells  or  ova  do  not 

Intenor  of  one  of  tne  ovanal  chambera  of  Actinia  conacea,  .                  ,                 ,  i  . 

showing  the  Generative  apparatus;— a,  lip;  b,  border  of  mterveue,  howevor,  thCSe  tWO 

mouth;  c.waU  of  stomach  ;  d,muaciUar  partition;  fi,  testis  J^verS  COmC  iuto  appositiou, 

or  ovaiy;_/,  mesenteric  membrane  connectmg  it  to  the  mus-  .      ,      n  ^ 

cular  partition;  g,  vei-miform  filament  containing  filiferous  and  form  in  the  first  place  a 

capsules  ;  h,  membrane  connecting  it  to  the  ovary;  i,  duct  -^^^^    q£  mesentery    (/)  by 

which  the  organs  are  attached 


passing  towards  the  stomach. 


to  the  leaflet ;  but  they  then  separate,  passing  one  on  each  side  of  the  leaf- 
let, so  as  to  line  the  intervening  spaces,  and  become  continuous  with  the 
membrane  lining  the  tentacula  and  digestive  cavity,  and  through  this  with 
the  external  investment.  Hence,  notwithstanding  the  size  and  importance 
of  the  testes  and  ovaria,  their  structure  is  the  simplest  possible,  t — The  ova, 
set  free  by  the  thinning-away  of  the  membrane  which  covers  them,  then  lie 

*  It  has  been  supposed  by  many  anatomists  (tlie  idea  having  been  specially  advocated  by 
Prof.  Wagner)  that  the  'vermiform  filaments'  so  abundant  in  the  ovarian  chambers,  are 
the  testes^of  these  animals.  But  it  is  now  satisfactorily  proved  that  the  bodies  whicli  were 
regarded  as  spermatozoa  by  Wagner,  are  really  the  same  peculiar  'threads'  or  '  darts'  a« 
are  found  in  the  '  filiferous'  capsules  of  the  skin  of  the  Actiniae.  (See,  for  a  detailed 
account  of  these  curious  bodies,  Mr.  Gosse's  "Eambles  of  a  Naturalist,"  pp.  432,  433.) 
That  the  organs  previously  designated  ovaria,  are  really  testes  in  about  half  of  any  number 
of  Actinite,  was  first  shown  by  Kolliker  ("  Beitrage  zur  Kenntniss  der  Geschlechts- 
verhaltnisse  und  der  Samenfliissigkeit  der  Wii-bellosen  Thiere,"  1841)  and  Erdl  (  Muller  s 
Archiv.,"  1841-2).  An  excellent  account  of  the  whole  Anatomy  of  the  Actmia  is  given 
by  M.  Hollardin  "Ann.  des  Sci.  Nat.,"  3»  Ser.,  Zool.,  Tom.  XV. 

t  See  the  'Anatomy  of  Actinia  Coriacea,'  by  Mr.  T.  P.  Teale,  in  the  "Transactions  of 
the  Leeds  Philosophical  and  Literary  Society,"  Vol.  I.,  part  I. 
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freely  in  the  ovarial  chambers  j  and  as  they  are  usually  retained  in  these 
cavities  until  they  have  passed  through  their  early  stages  of  development 
(though  the  gi-ade  which  they  have  attained  at  the  time  of  their  discharge 
does  not  seem  to  be  constantly  the  same),  it  is  certain  that  they  must 
there  receive  the  fertilizing  influence  of  the  spermatozoa,  which,  escaping 
from  the  testes  of  the  males,  would  be  difiiised  through  the  surrounding 
water.— As  far  as  the  history  of  the  embryonic  development  of  the 
HeUanthoid  Polypes  is  yet  known,  it  seems  to  be  essentially  as_  follows. 
The  mulberry-mass,  emerging  from  the  egg-covering,  acquires  cilia  iipon 
its  surface,  by  whose  action  it  can  be  propelled  through  the  water ;  it  is 
known  in  this  condition  by  the  name  of  'gemmule;'  and  in  this  phase  of 
their  development,  the  embryoes  are  frequently  found  in  the  interior  of 
the  tentacida.  The  cavity  of  the  stomach  and  the  moiith  are  formed  by 
the  process  described  in  a  preceding  paragraph  (§  533);  and  thetentacula 
originate  after  the  same  fashion,  a  single  row  only  being  fii'st  produced, 
and  new  rows  siibsequently  springing  up.  The  waU  of  the  stomach  is 
seen  to  consist  of  a  double  membrane,  of  which  the  two  layers  are  at  first 
in  contact;  but  a  separation  takes  place  between  them,  so  that  the  inner, 
which  forms  the  coat  of  the  stomach,  no  longer  remains  connected  with 
the  outer,  which  constitutes  the  external  integument,  except  by  the 
vertical  leaflets  that  divide  the  intervening  spaces.  The  embryoes  at 
last  find  their  way  into  the  stomach,  by  the  orifice  of  communication 
between  its  cavity  and  the  surrounding  ovarial  chambers ;  and  they  are 
discharged  from  the  moiith,  sometimes  in  considerable  numbers  at  once. 
There  seems  reason  to  think  that  in  the  earlier  phase  of  their  develop- 
ment, they  sometimes  escape  from  the  pores  at  the  extremity  of  the 
tentacula.* — The  mode  in  which  the  generative  function  is  performed  in 
the  Asteroid  Polypes,  is  the  same  in  all  essential  particulars  as  that  just 
described. 

536.  The  process  of  extension  by  Gemmation  is  carried-on  to  an  almost 
indefinite  amount  in  the  composite  forms  of  these  Zoophytes,  the  zooids 
usually  remaining  in  more  or  less  intimate  connection  with  each  other, 
as  already  explained  (§§  38,  152).  It  is  seldom  that  the  gemmae  sponta- 
neously detach  themselves,  though  they  will  maintain  an  independent 
existence  if  artificially  separated;  in  the  Actinia  lacerata,  however, 
according  to  Sir  J.  Gr.  Dalyell  (Op.  cit.,  p.  229),  this  seems  to  be  the  regular 
mode  of  multiplication,  the  base  of  attachment  spreading-out,  and  detach- 
ing little  fragments  of  which  every  one  may  develope  itself  into  a  new 
Actinia.  In  the  branching  Corals,  the  multiplication  of  zooids  is  com- 
monly effected  by  the  duplicative  subdivision  of  the  entire  body  of  the 
polype ;  and  this  subdivision  is  occasionally  though  rarely  seen  in  the 
solitary  Actinia  (Op.  cit.,  p.  221).  No  instance  is  known  among  these 
orders,  in  which  the  gemma  developes  itself  into  a  form  different  from 
that  of  the  stock  which  put  it  forth;  nor  does  the  embryo  ever  seem  to 
assume  any  other  type  than  that  of  its  parent ;  but,  whether  produced  by 
gemmation,  or  by  the  true  generative  operation,  the  new  Polypes  appear 
to  have  the  same  structure  and  endowments. 

537.  A  very  different  succession  of  phenomena  is  presented,  however, 
by  Compotmd  Ilydroida  (§  151).    These,  looking  only  to  their  Nutritive 

*  On  this  subject,  see  especially  Sir  J.  G.  Dalyell's  "Rare  and  Remarkable  Animals  of 
Scotland,"  Vol.  II.;  Chap.  X. 
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apparatus,  may  be  considered  as  not  differing  in  any  essential  particular 
trom  a  Hydra-stock,  which  has  put-forth  a  set  of  primary  and  secondary 
genimse  that  have  not  yet  separated  from  it  (Fig.  228).  But  their  Gene- 
ration IS  carried-ou  upon  a  type  altogether  dissimilar:  and  the  curious 
discoveries  which  have  been  made  of  late  years,  in  regard  to  the  mode  in 
which  it  is  accomplished,  reveal  a  connection  previously  altogether  un- 
suspected, between  this  group  and  that  of  Acalephce. — It  will  be  desii-able, 
in  the  first  place,  to  consider  the  relation  which  the  polypes  of  one  of 
these  composite  structures  bear  to  each  other  and  to  the  common  stock. 
It  will  be  recollected  that  the  stem  and  branches  consist  of  a  tubular 
ramification,  which  is  in  continuity  with  the  lining  membrane  of  the 
stomachs  of  the  polypes,  whilst  the  external  horny  integument  is  con- 
tinuous with  the  bell-like  polype-cell  (Fig.  99).  Now  it  is  not  here  the 
polype  alone,  nor  the  collection  of  polypes,  which  constitutes  the  Zoo- 
phyte; for  all  the  polypes  may  drop-off,  like  the  leaves  of  a  tree,  and  the 
polypidom  may  yet  retain  its  vitality,  and  may  put  forth  new  polypes. 
Moreover,  the  new  polypes  formed  by  gemmation  are  not  evolved  from 
the  pre-existing  polypes,  but  from  some  part  of  the  stem  or  branches. 
The  external  horny  coat  softens  at  a  certain  spot,  and  the  internal  mem- 
brane protrudes,  pushing  (as  it  were)  the  horny  integument  before  it 
(Fig.  230,  a)  ;  this  protrusion  increases  (b,  c),  and  soon  comes  to  present 

Fig.  230. 


ABODE  1?  a 

Progressive  stages  of  the  development  of  the  polype-bud  of  Campanularia  gelatinosa. 

the  form  of  a  polype-cell  (d),  the  mouth  of  which,  however,  is  still  closed. 
After  a  time  the  horny  integument  thins-away,  and  at  last  opens  at  the 
projecting  extremity,  so  that  the  cell  assumes  its  bell-like  aspect  (e);  but 
the  internal  membrane  does  not  as  yet  undergo  the  same  process,  so  that 
no  polype-mouth  is  formed.  This  operation,  however,  is  effected  in  the 
next  stage  (f)  ;  and  soon  afterwards  the  tentacula  are  seen,  as  little  wart- 
like processes  around  the  orifice  (g).  Up  to  the  time  when  the  mouth  is 
formed,  a  double  current  is  seen  in  the  stalk  of  the  bud;  the  pai'ticles 
ascending  into  it  from  the  stem,  passing  round  its  dilated  interior,  and 
then  descending  in  its  stalk.  The  whole  history  of  this  development, 
and  the  connection  of  the  polyjjes  with  the  nutritive  functions  alone,  show 
that  they  must  be  considered  as  standing  in  the  same  relation  to  the  stock, 
as  the  leaves  of  a  tree  to  its  stem  and  branches ;  the  lining  membrane 
of  the  polypidom,  like  the  cambium-layer  of  the  tree,  being  the  pai-t  in 
which  the  developmental  capacity  chiefly  exists.    The  extension  of  the 
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original  stock,  after  this  fashion,  may  go-on  in  some  species  almost  in- 
definitely, the  polype-buds,  as  they  are  formed,  remaining  in  continuity 
with  the  striictui-e  of  which  they  are  offsets ;  but  there  are  some  zoophytes 
of  this  tribe,  which  are  less  disposed  to  ramification,  and  which,  like  the 
Hydra,  form  detached  gemmae,  that  henceforth  live  independently,  and  de- 
velope  themselves  into  new  organisms,  similar  to  that  from  which  they 
were  budded-off. 

538.  In  these  provisions  for  the  extension  of  the  original  fabric,  or  for 
the  production  of  new  and  independent  fabrics  of  the  same  kind,  we  have 
nothing  that  can  be  said  to  represent  the  true  Generative  process.  For 
its  performance,  however,  a  peculiar  set  of  buds  is  developed  from  the 
Zoophytic  structiure,  which  present  a  more  or  less  close  coiTespondence  to 
Medusce;  these  buds,  which  sometimes  remain  in  connection  with  the 
stock,  but  are  frequently  detached  and  swim  freely,  develope  within  them- 
selves either  ova  or  spermatozoa;  and  by  the  fecundation  of  the  former 
by  the  latter,  a  new  generation  of  embryoes  is  originated,  which  are  de- 
veloped into  the  polype-form,  and  ultimately  produce  Medusa-buds  in 
their  turn. — One  of  the  simplest  and  best  examples  of  this  process,  that 
serves  to  connect  the  Hydra  (in  which  no  special  organ  for  the  evolution 
either  of  sperm-cells  or  of  germ-cells  is  present)  with  the  ordinary  Tuhu- 
Idria/n  and  Serttdaria/a  Zoophytes  (in  which  free  Mediisse  are  budded-off), 
is  that  of  Qordylopliora,  the  history  of  whose  generative  process  has  recently 
been  admirably  elucidated  by  Prof.  AUman.*  This  Zoophyte,  in  the  later 
summer  and  autumn  months,  evolves  a  set  of  ovoid  capsules;  which  at 
fii'st  present  themselves  (Fig.  231,  a)  as  simple  protrusions  of  the  branches 
on  which  they  grow,  each  containing  a  diverticular  prolongation  of  the  soft 
interior  substance  of  the  stem;  but  which,  when  more  fully  evolved  (b), 
is  seen  to  contain  a  sac  filled  with  cells,  over  which  is  distributed  a  net- 
work of  passages,  that  branches-off  from  the  diverticulum  at  its  base. 
Some  of  these  capsules  are  filled  with  a  tiirbid  fluid,  which,  when  forced- 
out  by  pressure,  is  seen  to  contain  spermatozoa  (c,l,m);  whilst  others  exhibit 
ova  in  their  interior  (d),  which  speedily  undergo  the  process  of  segmenta- 
tion. Whilst  this  is  proceeding  to  the  formation  of  a  '  mulberry  mass,' 
the  cellular  sac  with  its  system  of  ramified  tubes  disappears;  and  the 
cluster  of  ova  (numbering  from  two  or  three  to  eight  or  ten)  is  seen  lying 
upon  the  divei-ticulum  (e).  The  ova  then  begin  to  elongate  themselves 
and  lose  their  mulberry-like  aspect,  becoming  smooth,  and  presenting  a 
transparent  margin  (f)  ;  they  soon  commence  moving  in  the  interior  of 
the  capsule :  and  by  the  rupture  of  its  summit  they  escape  into  the  sur- 
rounding water,  through  which  they  swim  in  the  form  of  infusory  animal- 
cules with  short  cilia  (g).  At  this  period,  the  embryo  (h)  consists  of  an 
outer  and  an  inner  layer  of  cells,  with  a  hollow  interior ;  after  some  little 
time  the  cilia  disappear,  one  extremity  becomes  expanded  into  a  kind  of 
disk  by  which  it  attaches  itself  to  some  fixed  object;  and  the  mouth 
begins  to  be  formed  (i).  The  embryo  soon  increases  in  length  and  thick- 
ness; tentacula  (usually  four  in  number)  begin  to  shoot  forth  round  the 
mouth ;  and  other  changes  take  place,  which  approximate  it  to  the  single 
polypes  of  the  parent  stock  (k).  The  stem  elongates,  stolons  are  sent 
forth  from  its  base,  from  which  new  stems  spring-up ;  and  by  the  forma- 
tion of  lateral  gemmae  from  the  original  stock  and  secondary  stems,  the 

*  "Philosophical  Transactions,"  1853,  p.  367. 
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characteristic  fabric  of  this  Zoophyte  is  progressively  evolved.— It  is 
justly  remarked  by  Prof  AUman,  that  if  we  compare  these  capsules  ^vith 


Pig.  231. 


Generation  and  Development  of  Cordylophoralacustru  : — A,  ovigeroiis  capsule  in  early  stage; 
B,  the  same  in  more  advanced  stage,  showing  ceUnlar  sac  and  rami  tied  canals ;  c,  seminiferous 
capsule,  emitting  spermatic  fluid  ;  n,  ovigerous  capsule  containing  ova;  b,  the  same,  with  the 
ova  in  the  mulberry-condition,  the  ramified  canals  having  disappeared ;  r,  a  capsule  stUl  further 
advanced,  the  ova  elongated  and  smooth,  and  the  diverticulum  nearly  ■n'ithdraAvn;  g,  the  cap- 
sule ruptured,  and  the  embryoes  escaping  in  the  condition  of  free  ciUated  Infusoria;  h,  embryo 
just  after  its  escape,  more  highly  magnified,  presenting  an  internal  closed  cavity,  surrounded  by 
two  layers  of  cellidar  membrane;  i,  embryo  after  the  loss  of  its  cOia,  pyriform,  and  attached 
by  one  extremity;  K,  embryo,  now  assuming  the  polyjie-form,  the  tentacula  beginning  to  bud- 
forth,  and  the  stem  being  sui-rounded  by  a  delicate  polypary;  L,  caudate  cells  hberated  from 
seminiferous  capsule  ;  M,  spermatozoa  escaped  from  them. 

the  true  Medusa-buds  of  other  Hydi^oid  Zoophytes,  we  see  that  they  ai-e 
only  a  less-developed  form  of  the  same  type ;  the  organized  cellular  sac 
being  homologous  with  the  disk  of  a  Medusa,  and  the  central  fleshy  column 
representing  the  peduncle  or  proboscidifoi-m  stomach,  while  the  system  of 
branched  tubes  answers  to  the  gastro-vascular  canals.  Since  neither  the 
male  nor  the  female  capsule  can  be  observed  to  open  previously  to  the 
segmentation  of  the  ova,  the  act  of  fecundation  would  seem  to  be  effected 
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by  tlie  passage  of  the  spermatozoa  through  the  cavity  of  the  stem  and 

^^539^^Inother  Zoophytes  of  the  families  Tuhularidce  and  Corynidoi,  the 
capsules  have  more  of  the  Medusan  character;  and  they  detach  them- 
selves from  the  stock  from  which  they  are  budded-off,  before  either  sper- 
matozoa or  ova  can  be  detected  in  them.  Such  is  the  case,  for  example, 
with  Ferigonirmis  muscoides,  as  described  by  Sars.*  The  Medusa- buds, 
in  the  first  instance,  are  merely,  like  the  polype-buds,  little  protuberances 
(Fig.  232,  B,  h  h)  developed  from  the  soft  tissue  of  the  interior,  and  attached 

PiQ.  232. 


Development  of  Medusa-buds  from  Ferigonimas  muscoides; — A,  part  of  a  polype-stem  of  its 
natural  size ; — B,  portion  of  the  same  enlarged,  showing  a,  a  polype  with  its  tentaoula  expanded, 
hcdef,  other  polypes  in  various  states  of  contraction,  g  g,  medusa-buds  showing  the  four  nuclei, 
h  h,  medusa-buds  less  advanced ; — c,  medusa-buds  more  advanced  and  detachedj^howing  a,  the 
stomach,  b,  the  four  radiating  canals,  d  d,  the  marginal  oirrhi. 

by  a  footstalk;  they  soon,  however,  present  a  quadi-angular  form,  and 
four  spots  are  seen,  which  are  the  nuclei  or  centres  of  growth  whence  the 
marginal  cin^hi  are  afterwards  to  be  develojjed  (g,  g).  After  a  further 
interval,  an  aperture  forms  itself  at  the  most  projecting  part  of  the  bud, 
which  thenceforth  has  somewhat  the  form  of  a  bell  (c) ;  and  the  stomach 
{a)  is  seen  at  its  deepest  portion,  with  four  radiating  canals  (6,  h)  pro- 
ceeding to  its  marginal  cirrhi.  As  these  buds  approach  theii-  maturity, 
they  exhibit  independent  movements,  and  at  last  become  detached  and 
swim-away  freely,  being  propelled,  like  the  ordinary  Medusae,  by  the 
rhythmical  contractions  of  the  disk.  Their  further  development  proceeds, 
therefore,  altogether  independently  of  the  organism  by  which  they  were 
evolved  ;  they  capture  and  digest  their  own  food,  and  thus  nourished  they 
increase  in  size  and  probably  undergo  some  changes  in  form ;  and  true 
generative  organs  being  subsequently  developed  in  them,  fertile  ova  are 
formed,  as  in  the  ordinary  Medusae,  which  will  doubtless  be  developed,  in 
their  turn,  into  the  Zoophytic  structure,  whence  similar  medusa-buds 

*  "Fauna  littoralia  Norvegiaj,"  p.  8. 
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bo  h  at  aoL^r  P^*-f«^-*l^-I^  ««rtain  forms  of  both  these  families, 
rc^emtw  t^^^  ^^^^^^'^^^^  ^uds  are  developed,  the  former  strongi; 

•eZac  capsules  of  Cordylophora,  whilst  the  latter  cox^ 

.1^         medusa-buds  of  Perigonimus ;  but  no  cHfference  can  be 
traced  m  their  respective  products  * 

540.  In  the  Cam2)aroularidce  and  Sertulaoidoi,  similar  buds  are  deve- 
loped withm  the  capsules  which  have  been  usually  termed  '  ovarian'  or 
ovigerous  (Fig.  99,  e);  which  capsules  have  been  shown  by  Prof  E 
i^orbest  to  be  m  reality  metamorphosed  branches.  These  medusa-buds 
spimg,  not  from  ova,  but  from  a  detached  portion  of  the  meduUarv  sub- 
stancejj  and  they  are  gradually  developed,  even  while  yet  contained 
mthm  the  capsule,  into  the  Medusan  type  (Fig.  233).    Here,  too,  the 

Fig.  233. 


Medusiform  gemmiE  of  Campanalaria  gelatimsa  iii  different  stages  of  development  ;-a  a 
gemma  not  yet  escaped  from  the  ovarian  capsule,  showing  o,  the  stomach  in  progress  of  forma- 
tion; b  b.  elongated  ceUs,  the  rudiments  of  the  cirrhi;  ce.  eye-eells  (?)  ;-b,  a  gemma  s™t- 
rJin!  advanced  showing  c  c  the  eye  ceUs  (?)  ;-c,  a  medusiform  gmnma  freely  swii^g 
through  the  water  after  its  escape;  a,  the  body;  b,  mouth ;  c,  disk;  I,  cirrhi. 

marginal  cirrhi  are  seen  to  spring  from  the  nuclei  of  elongated  cells  that 
form  the  margin  of  the  primitive  disk  (a,  h);  and  the  central  stomach  (a) 
occuj)ies  the  place  which  was  at  first  filled  by  the  projection  of  the  me- 
dullary substance.  As  the  time  approaches  for  the  opening  of  the 
capsule,  the  cirrhi  undergo  elongation,  and  the  four  canals  proceeding 
from  the  central  stomach  to  the  margin  (a  disposition  of  parts  especially 
characteristic  of  the  Medusje)  are  now  seen  (b).  The  buds  then  become 
detached  from  their  foot-stalks,  and  begin  to  exhibit  active  movements  in 
the  interior  of  their  capsules;  and  at  last  an  opening  is  formed  in  the 
latter,  either  by  the  dehiscence  of  a  lid,  or  by  the  thinning-away  and 
rupture  of  the  most  prominent  portion,  through  which  the  yoimg  MedusEe 
swim  forth,  and  disperse  themselves  actively  through  the  water,  their 

*  See  Prof.  "Van  Beneden's  admirable  "  Eeclierches  sur  rEmbryogenie  des  Tubiilaires," 
Bruxelles,  1844. — Tliere  can  scarcely  now  be  a  doubt  that  in  this  instance,  as  in  the  next, 
this  excellent  observer  was  mistaken  in  his  idea  that  the  Medusoid  buds  would  themselves 
return  to  the  condition  of  polypoid  stems. 

t  "Annals  of  Natural  History,"  1st  Ser.,  Vol.  XIV. 

t  Although  they  are  described  by  Van  Beneden  as  developed  from  ova,  yet  it  is  clear 
from  his  own  account  that  such  is  not  the  case ;  and  that  what  he  called  the  vitellus  is 
continuous  with  the  medullary  substance  of  the  stem  and  branches  of  the  zoophyte.  See 
his  beautiful  "M6moire  sur  les  Campanulaires,"  Bruxelles,  1843. 
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mai-f^inal  cirrhi  being  now  developed,  and  the  proboscis  and  stomach  being 
adapted  for  the  reception  and  digestion  of  food  (c).  Here,  as  in  the  pre- 
ceding case,  a  deficiency  must  be  confessed,  as  to  our  knowledge  of  the 
subsequent  stages  from  actual  observation ;  but  as  this  knowledge  has 
bem  completely  attained  in  a  case  which  seems  in  all  essential  respects 
parallel  (to  be  described  in  the  next  paragraph),  there  can  be  little  doubt 
that,  as  in  the  preceding  case,  the  medusa-bud  evolves  itself  into  the  per- 
fect Medusan  type,  developes  sexual  organs,  performs  the  true  generative 
process,  and  thus  produces  real  ova,  from  which  a  zoophytic  structure, 
similai-  to  that  which  gave-oflf  the  medusa-buds,  is  again  evolved. — It  has 
been  observed  by  Lister  *  and  Lov6n,t  that  the  medusa-like  bodies  gene- 
rated in  the  interior  of  the  '  ovigerous  capsules,'  instead  of  becoming  com- 
pletely detached  and  freely  swimming  forth,  sometimes  expand  at  the  sum- 
mit, generate  and  set-free  their  ova  in  the  condition  of  ciliated  '  gemmules,' 
and  then  wither  like  blossoms,  to  be  succeeded  by  a  new  expansion.  In 
other  instances  again,  the  medusa-biids  do  not  even  expand  themselves  at 
the  mouth  of  the  '  ovigerous  capsule,'  but  may  perform  the  generative 
process  in  its  interior,  and  may  thus  set  free  ciliated  gemmules  without 
ever  themselves  existing  in  the  condition  of  independent  Medusae.  |  In 
Sertularidce,  the  generative  zooids  do  not  seem  ever  to  possess  locomotive 
powers. — Similar  varieties  will  be  shown  to  exist  among  the  Composite 
Acalephfe  (§  547). 

541.  We  have  thus  seen  that  the  animal  fabrics  which  are  known  to 
the  Naturalist  as  Compound  Hydroida,  whilst  extending  and  multiplying 
themselves  by  ordinary  gemmation,  perform  their  true  Generative  opera- 
tion through  the  intermediation  of  organisms  possessing  all  the  essential 
characters  of  true  Medusae  ;  and  that  these  may  either  develope  and  fer- 
tilize their  ova  whilst  still  in  organic  connection  with  the  stock,  or  may 
detach  themselves  from  it,  and  maintain  their  existence  as  independent 
zooids.  It  has  now  to  be  shown  that  the  bodies  with  which  the  Naturalist 
is  familiar  in  the  condition  of  true  Medusce,  really  commence  life  in  the 
polypoid  state,  and  may  be  regarded  as  gemmse  budded-off  from  a  Polype- 
stock.     The  very  curious  history  now  to  be  given,  has  been  ascertained 
by  the  united  labours  of  many  observers ;  and  the  process  may  be  now 
regarded  as  having,  in  all  its  essential  features,  been  clearly  elucidated.  § — 
The  generative  organs  of  the  Medusce,  are  contained  in  four  '  ovarial 
chambers'  surrounding  the  mouth,  and  opening  by  orifices  of  their  own 
(Fig.  36).     Within  each  of  these  chambers  is  seen  a  plaited  riband-like 
membrane,  between  the  folds  of  which  are  developed,  during  the  period 
of  fertility,  either  spermatic  cells  or  ovules.     As  these  usually  exist  in 
separate  individuals,  ||  and  as  no  means  can  be  discovered  for  the  convey- 
ance of  the  seminal  fluid  of  one  to  the  ovarial  chambers  of  the  other,  it 

*  "Philosoptical  Transactions,"  1834.  f  "  Wiegmaim's  Arcliiv."  1837 

t  See  Allman,  loc.  cit.,  p.  379. 

§  See  e.specially  the  Memoirs  of  Sars  in  "  Isis,"  1833,  and  "  Wiegmann's  Archiv  "  1837 
and  1841,  and  his  "Fauna  littoralis  NorvegisB ;"  Siebold  in  "  Beitrage  zur  Natii'rgesch 
Wu-bellos.  Thiere,"  and  in  "  Froriep's  Neue  Notizen,"  1838  ;  Steenstrup  in  his  "  Alterna- 
tion of  Generations,"  translated  and  published  by  the  Eay  Society;  and  Sir  J.  G  Dalyell's 
"Rare  and  Remarkable  Animals  of  Scotland,"  Vol.  I.,  Chap.  iii. 

il  It  has  recently  been  asserted  by  M.  Derbes  ("Ann.  des  Sci.  Nat.,"  3°  Ser.,  Zool 
Tom._  XIII.,  p.  377),  that  the  Cyancea  chrysaora  is  hei-maphrodite ;  but  it  does  not  appear 
certain  that  he  has  not  mistaken  the  'thread  cells'  or  urticating organs  for  sperm-cells: 
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probable  that  fecundation  is  effected  in  the  same  manner  as  in  many 
Mollnsca  and  Fishes,— the  fluid  being  dispersed  through  the  water  in  the 
neigliboiu'hood  of  the  ova,  with  which  they  thus  come  into  contact.  A 
very  curious  provision  for  the  jirotection  of  the  embryo  during  its  subse- 
quent development,  is  found  in  some  Medusje,  Small  pear-shaped  bags 
or  pouches  are  appended  to  the  fringes  of  the  tentacula;  and  into  these 
are  conveyed  (in  what  mode,  however,  is  unknown)  from  four  to  eight 
germs,  which  iindergo  their  development  within  them,  and  wliich,  when 
perfected,  make  their  way  out  by  the  rupture  of  the  sac.  In  this  curious 
disposition,  we  are  reminded  of  the  peculiar  development  of  the  Marsupial 
Mammalia. 

^  542.  The  embryo  emerges  from  the  marsupium  in  the  condition  of  a 
ciliated  gemmule,  of  a  rather  oblong  flattened  form,  very  closely  resem- 
bling an  Infusory  Animalcule.  In  this  grade  of  development,  it  has  no 
mouth;  but  the  central  cells  deliquesce,  so  as  to  form  a  cavity,  which  is 
to  be  the  future  stomach.  The  next  change  consists  in  the  enlargement 
of  one  end  of  the  embryo,  and  the  contraction  of  the  other;  the  latter  is 
developed  into  a  suctorial  base  or  foot,  by  which  the  animal  attaches 
itself  to  some  fixed  object;  whilst  in  the  former  a  central  depression  is 
soon  observed,  which  gradually  deepens  until  it  communicates  with  the 
internal  cavity,  thus  forming  a  mouth,  and  four  tubercles  that  are  seen 
around  it  are  gradually  elongated  into  tentacula,  which  are  afterwards 
augmented  in  number. — Thus  the  first  product  of  the  ovum  is  not  a 
Medusa,  but  a  Hydi-a-like  polype ;  and  the  resemblance  is  not  limited  to 
external  form,  but  extends  to  internal  structure,  and  to  the  mode  of 
existence  and  multiplication.  For  this  Strohila  (as  the  polypoid  larva  of 
the  Medusa  has  been  termed),  attaching  itself  by  its  base  to  a  fixed 
object,  spreads  its  arms  (which  are  furnished  with  urticating  organs) 
through  the  water  in  search  of  prey  (Fig.  234,  a);  and  by  their  means 
its  food  is  drawn  into  the  stomach,  whence  the  indigestible  residue  is 
ejected  through  the  mouth,  just  as  in  the  Hydra.  Further,  the  polype 
multiplies  itself  by  gemmation;  and  this  not  only  by  the  development  of 
lateral  gemmae  from  its  body  (b),  but  also  in  some  instances  by  the  evolu- 
tion of  a  stolon  or  creeping  stem  from  its  base  (resembling  that  of  many 
Zoophytes),  from  which  gemmae  sprout,  forth,  these  generally  becoming 
subsequently  detached.  Thus  from  a  single  individual,  a  large  colony  (c) 
may  be  produced  in  no  very  long  time,  the  detached  gemmae  most  com- 
monly remaining  in  proximity  with  each  other ;  and  the  rate  of  multipli- 
cation, as  in  the  Hydra,  is  chiefly  influenced  by  the  temperature,  and  by 
the  supply  of  food.  Further,  it  has  been  ascertained  by  Sir  J.  G.  Dalyell 
(Op.  cit.),  that  this  creature  has  the  same  power  of  regenerating  parts  of 
the  body  that  have  been  removed,  or  of  reproducing  the  complete  body 
and  tentacula  from  a  portion  of  it,  as  that  which  is  possessed  by  the 
common  Hydra ;  and  that  both  portions  of  a  bisected  Strobila  could  not 
merely  be  developed  into  new  and  perfect  individuals,  but  could  multiply 
the  stock  by  gemmation,  as  before  their  fission.  There  appears  no  definite 
limit  to  its  continuance  in  this  state;  it  was  kept  by  the  last-named 
excellent  observer  for  several  years ;  and  from  the  entire  conformity  of 
its  general  structure  and  habits  to  that  of  the  Hydra,  and  the  absence  of 
any  indication  of  its  loA'val  nature,  it  was  considered  by  him  as  a  com- 
plete being,  '  entitled  to  a  distinct  position  in  the  Systenia  Natwrai: — A 
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mill ute  examinatiou  of  its  structure,  however,  shows  that  it  is  distinguish- 
able from  the  ordinary  Hydra- 
fox-m  polype.  The  part  surround- 
ing the  mouth  is  capable  of  being 
protruded  as  a  sort  of  proboscis ; 
and  the  aperture  of  the  mouth  is 
then  seen  to  have  a  quadrangular 
form.  The  inner  surface  of  the 
lips  and  mouth,  and  the  external 
surface  of  the  tentacula  and  body, 
are  covered  with  cilia  j  so  that 
cuiTcnts  of  water,  unless  when 
the  mouth  is  shut,  are  continually 
passing  in  and  out  fi-om  the  mouth 
and  along  the  tentacula.  'No  pro- 
per Hydroid  polype  has  its  arms 
or  body  ciliated.  The  wall  of  the 
stomach  consists  of  two  layers,  of 
which  the  inner  one  is  folded  in- 
wards so  as  to  form  four  longitu- 
dinal projections  into  the  cavity 
of  the  stomach,  a  sort  of  pouch  or 
blind  canal  being  left  between  the 
folds  of  each  plait.  These  four 
short  canals  terminate  at  the 
upper  end  in  another  canal,  that 
passes  between  the  outer  margin 
of  the  mouth  and  the  periphery 


Strohila  (or  polypoid  state  of  Medusa)  propagating 


f.  , -1      T  1  T  •   J,    j_i  •       •  by  gemmation : — A,  single  individual,  attached  by  its 

Ot  the  disk;  and  into  this  Circu-  base,  its  tentacula  extended  in  search  of  food;  b,  a 

lar  canal,  the  tubular  cavities  of  group  of  five,  the  gemma  remaining  in  connection  with 

,  '  »     mi  •  the  parent;  c,  a  colony,  eonsistmg  of  numerous  zooids 

tne  tentacula  also  open.*      1ms  proceeding  from  a  common  stock,  but  most  of  them 

arrangement  is  obviously  indica-  detached  from  it. 

tive  of  the  Medusan  affinities  of  the  Strobila ;  but  it  does  not  render  it 
the  less  a  Polype. 

543.  The  Strohila  does  not  always  remain,  however,  in  this  phase  of 
development.  Under  certain  conditions  not  yet  ascertained,  it  ceases  to 
multiply  by  ordinary  gemmation,  although  this  process  may  have  gone-on 
with  regularity  and  activity  for  months  and  even  years  previously  j  and 
enters  upon  an  entirely  different  series  of  operations,  of  which  the  first 
is  the  assumption  of  a  more  elongated  cylindrical  form  than  it  had  pre- 
viously possessed.  A  constriction  or  indentation  is  seen  around  this 
cylinder,  just  below  the  ring  which  surrounds  the  mouth  and  gives  origin 
to  the  tentacula ;  and  similar  constrictions  are  soon  repeated  around  the 
lower  parts  of  the  cylinder,  so  as  to  give  to  the  -whole  body  somewhat 
the  appearance  of  a  rouleau  of  coins  (Fig.  235).  Still,  however,  a  sort  of 
fleshy  bulb,  somewhat  of  the  form  of  the  original  polype,  is  left  at  the 
base  or  attached  extremity  (Pig.  236,  a).  The  number  of  circles  is 
indefinite ;  and  all  are  not  formed  at  once,  new  constrictions  appearing 

*  This  description  is  derived  from  the  excellent  '  Observations  on  the  Development  of 
the  Medusae,'  by  tlie  late  Dr.  John  Reid,  contained  in  the  "Annals  of  Natural  History" 
for  Jan.  1848,  and  in  his  "Physiological,  Pathological,  and  Anatomical  Researches." 
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below,  after  the  upper  portions  have  been  detached ;  as  many  as  30  or  even 
40  have  thus  been  produced  in  one  specimen.    The  constrictions  then 


Fig.  235. 


Group  of  Strobilce,  or  Meduaan  La/nm,  attached  to  a  shell  of  Pecten. 

gradually  deepen,  so  as  almost  to  divide  the  cylinder  into  a  pile  of  saucer- 
like bodies;  the  division  being  most  complete  above,  and  the  upper  discs 


Fig.  236. 


A 


Development  of  Medusa-lads  from  Strohila  .—A,  Strobila  enlarged,  with  incipient  production 
of  disc-like  Remma;  between  the  body  a  and  the  circle  of  tentacula  6,— i),  more  advanced  deve- 
lopment of  the  Medusa-buds,  the  constriction  between  them  being  deepened,  and  their  margins 
becoming  lobed;— o,  a  specimen  still  fiu-ther  advanced,  the  original  tentacular  cu-cle  being  now 
detachecf,  and  a  new  set  of  tentacida  c  developed  at  the  base  of  the  pile  of  discs,  of  which  those 
nearest  the  extremity  b  are  most  advanced,  having  aeqiui-ed  the  proboscis  d,  and  the  goiicriU 
form  of  the  Medusa;— D,  a  StrobUa  returning  to  its  origmal  polypoid  state,  several  ot  I  ho 
Medusa-buds  having  been  detached,  the  new  tentacula  c  being  fully  developed,  and  a  polype- 
bud  e  being  in  process  of  formation. 
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Fig.  237. 


usually  presenting  some  increase  in  their  diameter ;  and  wliilst  this  is 
going-on,  the  edges  of  the  discs  become  lobed,  and  the  lobes  soon  present 
the  clefts  and  ocelli  characteristic  of  the  detached  Medusae  (b).  Up  to 
this  period,  the  tentacula  of  the  original  polype  surmount  the  highest  of 
the  discs ;  and  a  general  contraction  and  relaxation  of  the  whole  cylinder, 
causing  the  intervals  between  the  discs  to  be  diminished  or  increased, 
may  be  occasionally  seen  to  take  place.  But  before  the  detachment  of 
the  topmost  disc,  the  circle  of  tentacula  around  the  original  mouth  dis- 
appears ;  and  a  new  circle  is  developed  upon  the  summit  of  the  bulb, 
which  remains  at  the  base  of  the  pile  of  discs  (c).  At  last,  the  topmost 
and  largest  disc  begins  to  exhibit  a  sort  of  convulsive  action ;  it  becomes 
detached,  and  swims  freely  away ;  and  the  same  series  of  changes  takes 
place  from  above  downwards,  until  the  whole  pile  of  discs  is  detached 
and  converted  into  free-swimming  Medusse.  But  the  original  polypoid 
body  still  remains;  and  may  return  to  its  polype-like  and  original  mode 
of  gemmation  (d),  becoming  the  progenitor  of  a  new  colony  of  Strohilce., 
every  one  of  which  may  develope  in  its  turn  a  pile  of  medusa-discs.* 

544.  The  bodies  thus  detached  have  all  the  essential  characters  of 
Medusse.  Each  consists  of  an  umbrella-like  disc,  divided  at  its  edge  into 
a  variable  number  of 
lobes,  eight  being  ap- 
parently the  normal 
type;  and  of  a  sto- 
mach, which  occupies 
a  considerable  propor- 
tion of  the  disc,  and 
projects  downwards 
in  the  form  of  a  pro- 
boscis, in  the  centre 
of  which  is  the  quad- 
rangular mouth  (Fig. 
237,  A,  b).  At  first 
there  are  no  indica- 
tions of  genital  organs; 
but  these  subsequent- 
ly appear.  Each  of 
the  lobes  of  the  mar- 
gin is  bifid ;  and  at  the 
bottom  of  the  cleft  is 
a  little  body  Avhich  has 
been  supposed  to  be  a 
rudimentary  eye  (c) 


Development  oiMeda.ce  from  detached  gemmffi  oi  StroUla  m- 
hilAtC^f■^'^-r^'^^'        ^Pl'^'-g'^d,  sho>.iiig  «  a  proboscis,  aAd  6 
-  r    cvt;         ,  individual  seen  from  above,  showing  the  bifid  lobes  of 

;+  ^„  ..^-L  aL  \}J  \  "  margin,  and  the  quadrilateral  mouth;  c,  one  of  the  bifid  lobeHtni 
but  It  IS  very  doubtful  more  enfarged,  showing  theoceUus  at  the 'bottom  of  the  cleft  D  grouD 
whether  it  is  really  en-  Medusas  as  seen  swimming  in  the  water,  of  the  natural  size. 

titled  to  this  designation.  As  the  animal  advances  towards  maturity  the 
segments  or  lobes  of  the  border  of  the  disc  "  .    _  J-j 


increase  comparatively  little  in 


size,  whilst  the  intervals  between  them  gradually  fill-up ;  tubular  pro- 
longations of  the  stomach  extend  themselves  over  the  disc  :  and  its 
borders  become  furnished  with  long,  pendent,  prehensile  cirrhi.  The 

*  This  last  fact,  which  is  of  fundamental  importance  in  the  philosophical  internrpt^+in. 
of  this  wonderfnl  process,  was  first  brought  to  Ught  by  Sir  J.  G  Dalydl  (Op^  S ) 
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mouth,  which  even  in  the  youngest  detached  animal  admits  of  being 
greatly  extended  and  protruded,  is  quadrangular,  and  presents  four 
extensible  angles.  These  angles  grow  more  rapidly  than  the  four-sided 
oral  tube  or  proboscis  ;  so  that,  in  the  more  advanced  animals,  the  mouth 
appears  during  the  growth  to  have  divided  or  split  into  four  lobes  ;  and 
the  minute  serratures  which  apj)ear  on  the  edges  of  these,  are  the  com- 
mencement of  the  lobes  and  fringes  that  are  observed  on  the  tentacula  of 
the  adult  animal. — The  MediisfB  wliich  are  as  yet  known  to  be  developed 
after  this  mode,  belong  to  the  '  hooded-eyed'  group  of  Pulmograda  ; 
whilst  those  which  are  budded-off  from  the  composite  Hydroid  Zoophytes 
belong  to  the  'naked-eyed'  subdivision.  Even  after  the  complete 
Medusan  form  has  been  attained,  multiplication  occasionally  takes  place 

by  gemmation ;  but  only, 
Pi^-  238.  so  far  as  yet  observed,  in 

the  inferior  or  'naked- 
eyed'  group.  This  cmious 
fact  was  first  observed  by 
Sai's*  in  Cytceis;  from  the 
peduncular  stomach  of 
which  he  observed  medu- 
san gemmae  to  aiise,  these 
being  symmetrically  ar- 
ranged around  its  foiu- 
sides,  but  in  difierent 
stages  of  advancement 
(Fig.  238).  He  also  ob- 
served in  Thamnatias  a 
similar  gemmation  from 
the  ovaries.  Both  these 
observations  have  been 
verifiedbyProf  E.  Forbes, 
who  has  also  seen  in  a 
species  of  Sarsia  an  evo- 
lution of  gemmae  around 
the  whole  length  of  the 
peduncle,  these  being  in 
different  stages  of  deve- 
lopment, and  having  an  indistinct  spiral  arrangement;  whilst  in  another 
Sarsia  he  has  found  clusters  of  gemmse  hanging  like  bunches  of  grapes 
from  the  tubercles  at  the  base  of  the  four  marginal  cirrhi.t 

545.  Now  if  the  history  of  the  generation  and  development  of  the 
Medusae  be  compared  with  that  of  the  corresponding  processes  in  the 
Hydroid  Zoophytes,  it  will  be  seen  that  the  two  series  of  phenomena  are 
of  precisely  the  same  order.  The  immediate  product  of  the  ovum,  in 
each  case,  is  a  Hydraform  polype.  This  lives  for  an  indefinite  time  in 
the  polypoid  condition,  and  multiplies  itself  by  gemmation ;  the  gemmas 
either  detaching  themselves,  so  as  to  form  distinct  zooids ;  or  remaining 
in  continuity  with  the  original  stock.    But  to  whatever  extent  this 

*  "Fauna  littoralis  Norvegise,"  p.  10.  _ 
t  "Monograph  of  the  British  Naked-Eyed  Mednsaa,"  published  by  the  Eay  Society, 
1848,  p.  17. 


Gemmiparous  multiplication  of  Ci/tceis  octopunctata; — a,  b,  c,d, 
buds  in  different  stages  of  development,  sprouting  from  the  wall 
of  the  stomach  h;  at  e  is  seen  one  of  the  four  radiating  canals ; 
at/yy  the  marginal  cirrhi,  and  at  h  the  proboscis. 
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process  is  carried-on,  it  merely  consists  in  a  nxultiplication  of  the  original 
Hydra ;  and  all  the  zooids  thus  produced  have  the  same  homological  rela- 
tion to  each  other,  as  have  the  several  parts  of  any  single  body  among 
the  higher  Animals.  But,  under  some  change,  either  of  internal  or  of 
external  conditions,  which  cannot  yet  be  distinctly  stated,  the  polypoid 
gemmation  gives  place  to  the  medusan, — the  multij)lication  of  the  pro- 
ducts of  the  original  generative  act,  to  the  preparation  for  a  repetition 
of  that  act.  Now  although  the  Medusa-buds  of  the  Strohila  are  formed 
in  a  different  situation  from  those  of  the  Goryne  or  Campanularia,  being 
developed  between  the  body  and  tentacular  circle  of  the  oiiginal  polype 
in  the  one  case,  and  from  the  sides  of  the  polype-body  or  from  the  con- 
necting stem  in  the  other,  yet  there  is  otherwise  no  essential  difference 
between  the  two  operations.  In  the  Strobila,  as  in  the  Coryne  and 
Campanularia,  the  original  polype-body  remains ;  so  that,  after  having 
given-off  a  large  number  of  medusa-buds,  it  continues  its  ordinary  poly- 
poid-existence, and  may  repeat  the  same  process  at  a  future  time.*  It  is 
in  the  Medusa-buds  only,  that  generative  organs  are  evolved;  these  are 
subservient,  in  the  one  case  as  in  the  other,  to  the  performance  of  the 
true  generative  process;  and  it  is  from  the  ova  thus  produced,  that  the 
polypoid  larvae  arise. 

546.  That  the  whole  of  this  series  of  processes  is  the  continuation  of 
one  and  the  same  developmental  operation,  and  that  the  Polypoid  and. 
Medusan  states  should  be  iacluded  in  the  idea  of  one  generation,  instead 
of  being  regarded  as  distinct  generations,  will  further  aj)pear  from  this 
consideration;  that  they  do,  in  fact,  hold  the  same  relation  to  each  other, 
both  homologically  and  functionally,  as  do  the  nutritive  and  generative 
organs  iu  higher  animals.  The  polype  is  no  more  a  complete  organism, 
than  is  the  larva  of  an  Insect  or  the  tadpole  of  a  Frog;  for,  although 
possessed  of  the  capacity  to  maintain  its  own  life,  it  has  no  generative 
appai-atus  for  the  continuance  of  the  species. — So,  again,  we  do  not  con- 
sider a  Plant  as  having  attained  its  complete  development,  however  great 
may  be  its  extension  by  leaf-buds,  until  it  has  developed  flowers  and 
produced  fruit.  The  Medusan  'zooid'  is  obviously  the  flower-bud  or 
generative  apparatus  of  the  polype;  it  originates  in  a  process  of  con- 
tinuous development,  precisely  resembling  that  which  evolves  the  genera- 
tive organs,  both  in  the  annual  Plant  and  in  the  Animal,  afier  the 
nutritive  apparatus  has  attained  nearly  its  full  development;  and  its 
special  endowments  obviously  have  reference  to  its  peculiar  function, 
that  of  propagating  the  race  in  localities  remote  from  the  original  stock! 
In  some  of  the  Campanularidse,  as  we  have  seen,  the  Medusa-buds  never 
become  completely  detached  from  the  Zoophytic  structure,  but  seem  to 
remain  dependent  upon  it  for  their  nutriment;  and  here  the  embryoes 
seem  to  have  an  unusual  motor  power,  which  serves  for  their  dispersion. 

y?,l!^^r°?''f  ^^'■"^^^'^       represented  by  Sars  as  the  result  of 

jls^on;  the  fact  that  the  polypoid  body  remains  behind,  forms  a  new  set  of  tentacula,  and 
may  agam  give  off  polypoid  and  medusan  gemmie,  not  being  known  to  him.  This  view^s 
S  1?'"Pm  ^1  feteenstrup  who  goes  so  far  as  to  maintain  that  the  original  polypoid  animal  S 
really  a  Medusa  of  the  female  sex,  which  acts  as  a  sort  oi  nurse  to  a  brood  Vf  you^ToBe 
How  these  young  ones  are  developed,  whether  from  ova  or  gemmsn,  he  does  not  cSv 
explain;  but  he  considers  them  as  a  new  generation,  alternating  ^ti  the  polj^oW  form  - 
a  mode  of  viewing  the  subject  which  tends  to  confuse  the  essential  cUstinctio?^between  t^ 
product  of  Gemmation  and  that  of  the  true  Generative  act  (§  478)  ^ 
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In  most  other  cases,  however,  the  Medusa-buds  are  not  only  detached, 
but,  being  separated  when  as  yet  tliey  have  attained  but  a  small  size  and 
a  low  grade  of  development,  they  become  provided  with  a  nutrient  apparatus 
of  their  own,  whereby  they  can  obtain  and  prepare  the  needful  materials. 
This  is  perfectly  conformable  to  what  has  been  shown  to  take  place  in  the 
Fern  (§  493).  Of  the  detachment  of  a  self-moving  body  containing  the 
generative  products,  we  shall  meet  with  several  cmious  examples,  among 
the  higher  Animals. 

547.  The  Generative  process  among  other  tribes  usually  assembled 
together  ymder  the  class  of  Acahi^lm*  is  not  less  remarkable.  In  all  of 
them,  as  it  would  appear,  is  there  a  double  method  of  multiplication, 
namely,  by  gemmation,  and  by  true  generation ;  but  the  results  of  the 
former  process  differ  very  considerably  in  the  different  groups. — In  Beroe 
(Fig.  102),  as  probably  in  other  CUiograda,  gemmse  are  occasionally  pro- 
duced, which  seem  to  evolve  themselves  into  the  likeness  of  their  stock ; 
but  the  ordinary  method  of  reproduction  is  by  true  generation,  their 
progeny  being  apparently  developed  at  once  into  the  parental  form.  If 
this  prove  to  be  the  case  (which  is  not  yet  certain),  it  constitutes  an 
important  point  of  agreement  between  the  Ciliograda  and  the  Helian- 
thoid  Zoophytes. — The  Cirrhigrada  may  really  be  considered  as  com- 
posite polypoid  animals,  analogous  to  the  compound  Hydroida,  although 
their  parts  have  a  different  arrangement,  as  seen  in  the  Velella,  Fig.  239. 

Fia.  239. 


Velella  limbosa:  A,  in  its  usual  position;  B,  the  under  surface,  showing  a  the  central  polype- 
mouth,  surrounded  by  the  tubular  ctrrhi  and  tentacula;  c,  side  view  of  the  digestive  apparatus, 
showing  a  the  mouth,  b  b  the  bifurcating  extremities  of  the  gastric  cavity,  c  the  liver  (?) ;  D,  one 
of  the  cirrhi,  with  the  medusoid  buds  attached;  e,  raedusoid  buds  enlarged. 

The  multiplication  of  the  nutritive  organs  (every  one  of  the  so-called 
tubular  cirrhi  being  a  distinct  polype)  takes  place  by  a  process  of  gem- 
mation, the  central  proboscis- like  organ  (b,  a)  being  the  stock,  and  the 
surrounding  cirrhi  the  buds;  and  their  cavities  all  communicate  -with 
each  other  and  with  the  central  reservoir,  thus  forming  a  polygastric 
digestive  apparatus.  The  generative  act  is  provided-for  by  the  develop- 
ment of  a  distinct  set  of  gemmss  around  the  bases  of  the  cii-rhi  (d,  e)  ; 
these  which  were  formerly  designated  '  ovarian  capsules,'  are  now  reco- 
gnized as  medusoid  buds;  they  become  detached  in  some  animals  of 
this  group,  and  swim  freely  through  the  water ;  and  in  due  time,  they 


*  See  the  Authors  referred-to  in  the  note  to  §  142. 
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produce  either  spermatozoa  or  ova.     From  each  of  the  latter,  when 
fertilized,  a  single  polypoid  animal  originates;  and.this  gradually  evolves 
the  composite  structure  by  gemmation.     The  order  Physograda  includes 
a  great  number  of  forms,  whose  true  nature  was  long  misunderstood,  but 
which  are  now  shown  to  be,  like  the  preceding,  composite  organisms,  the 
multiplication  of  whose  parts  is  effected  by  gemmation.    This  is  the  case 
with  the  Physophoridce  and  Dii^hydce,  two  groups  whose  relation  to  the 
Medusa  seems  to  consist  in  this, — ^that  the  contractile  natatorial  organ, 
which  is  developed  in  the  latter  around  the  stomach,  is  developed  sepa- 
rately and  on  one  side  of  it  in  the  former.    In  each  of  these,  long  chains 
may  be  formed  by  the  multiplication  of  similar  organs  by  gemmation ; 
but  there  is  always  a  separate  provision  for  the  generative  process,  con- 
sisting of  a  gemma  of  a  peculiar  kind,  which  contains  within  it  either 
ovisacs  or  sperm-cells.     Both  sets  of  these  are  formed  in  each  individual 
of  the  Physophoridte,  as  in  monoecious  plants ;  but  only  one  set  in  each 
individual  of  the  Diphydfe,  as  in  dioecious  plants.    This  gemma,  in  some 
instances,  is  not  developed  into  any  special  form,  but  is  a  mere  protuber- 
ance containing  the  essential  organs  within  it;  in  other  cases,  however,  it  has 
a  natatorial  disc  developed  around  it ;  and  some  of  those  which  are  pro- 
vided with  this  organ  become  detached,  and  swim  about  after  the  manner 
of  Medusae. — The  Physalia  is  simply  one  of  the  Physograda,  in  which 
the  air- vesicle  that  all  possess  has  undergone  an  unusual  development; 
and  its  cirrhi  are  so  many  polype-mouths,  or  portions  of  a  polygastric 
digestive  apparatus.    Its  reproduction  is  effected  after  the  same  manner; 
the  ova  being  developed  within  a  medusiform  gemma,  that  possesses  a 
power  of  independent  movement,  and  the  spermatozoa  within  a  gemma 
of  less  specialized  character;  whilst,  from  the  ova  which  are  thus  gene- 
rated and  fertilized,  a  jDolyjJoid  animal  would  probably  spring,  which  would 
gi'adually  evolve  itself  by  gemmation  into  the  likeness  of  its  parent. 

548.  In  the  class  Echinodermata,  in  which  the  Radiated  type  is  carried 
to  its  highest  degree  of  development,  the  structure  of  each  oi'ganism  being 
more  complex,  and  its  parts  more  specialized  and  mutually  dependent, 
the  power  of  reprodiiction  in  any  other  mode  than  by  sexual  genera- 
tion seems  to  be  almost  entirely  wanting,  notwithstanding  that  they 
retain  a  very  extraordinary  power  of  regeneratiag  lost  parts  (§  473).* 
The  Synapta,  one  of  those  aberrant  forms  of  the  family  Holothuriada 
which  lead  towards  the  Articulated  series,  presents  the  only  example  of 
spontaneous  fission  that  is  known  to  occur  in  this  class;  and  of  multipli- 
cation by  gemmation  there  is  probably  no  instance.  In  this  genus  there 
is  another  departure  from  the  usual  type ;  the  two  sets  of  sexual  organs 
being  combined  in  the  same  organism,  instead  of  being  separated,  as  in 
all  other  Echinodermata.  The  principal  varieties  in  the  position  of  these 
organs  have  been  already  noticed,  in  the  general  sketch  of  the  class  (§  40) ; 
but  it  must  be  remarked  that  the  so-caUed  '  ovaries'  are  as  frequently 
'testes'  or  spermatic  organs;  the  male  and  female  generative  apparatus 
being  scarcely  distinguishable  from  one  another  in  this  group,  either  by 

*  The  Author  once  met  with  a  single  ray  of  a  Star-fish  in  a  state  of  activity,  as  was 
evidenced  by  the  energetic  movements  of  its  tubular  suckers ;  although  it  was  obvious 
from  the  appearance  of  the  wound,  that  it  must  have  been  detached  from  the  body  for 
some  days  or  even  weeks.    Might  this  have  continued  to  live,  and  have  re-formed  the 
body  ? 

0  0 
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tlieir  external  aspect  or  their  internal  structure,  except  when  their  respec- 
tive pi'oducts  are  neaily  mature.  Nothing  like  sexual  congress  is  known 
to  take  place  among  these  animals;  so  that  the  ova  deposited  by  the 
females  m\ist  be  fertilized  by  the  spermatozoa  diffused  through  the  sea- 
water  wliich  bathes  them. — Wc  have  now  to  trace  the  histoiy  of  em- 
bryonic development  in  the  Echinodermata,  which  we  shall  find  to  present 
some  very  remarkable  features. 

54-0.  The  course  of  Development  of  the  Crinoidea  has  not  yet  been 

followed  from  its  earliest  period;  and 
the  most  important  fact  which  has  Ijeen 
substantiated  in  their  history,  is  the  me- 
tamorphosis of  the  pedunculated  Penta- 
crinus  (Fig.  240)  into  the  free-s^vim- 
ming  Comaiula  (Fig-  38),  first  obsei'ved 
by  Mr.  J.  Y.  Thompson.*  The  young- 
est sj)ecimens  observed  (ct)  had  neithei' 
jointed  column  noi"  arms,  but  appeared 
like  little  chibs  fixed  by  a  spreading  base, 
and  sending-out  from  their  summits  a 
few  pellucid  tentacula.  The  consoli- 
dation of  the  membranous  colmnn  by 
the  interposition  of  a  calcareous  skele- 
ton at  intervals,  gives  to  it  the  jointed 
character  which  it  subsequently  ac- 
quires; the  arms  when  first  developed  (b) 
are  simple,  their  lateral  pinnse  (c)  not 
appearing  until  near  the  period  of  the 
change;  and  the  dorsal  cirrhi,  in  like 
manner,  are  only  evolved  as  this  ap- 
proaches. In  what  way,  or  at  what 
point  the  detachment  occurs,  cannot 
yet  be  specified;  but  it  seems  pro- 
bable, from  the  analogies  to  be  pre- 
sently adduced,  that  the  separation 

takes  place  at  the  summit  of  the  stem.     ,     ^     ^         .  ^       -r.  t 

550  The  most  remarkable  feature  in  the  development  of  the  Ji^cluno- 
dermata  generally,  is  the  conversion  of  the  embryonic  mass  of  cells,  not 
into  a  larva  which  subsequently  attains  the  adult-form  by  a  process  ot 
metamorphosis,  but  into  a  'peculiar  Zooid,'  which  seems  to  exist  for  no 
other  purpose  than  to  give  origin  to  the  proper  Echmoderm  by  a  sort  of 
internal  gemmation,  as  well  as  (in  many  cases)  to  carry  it  to  a  distance 
bv  its  active  locomotive  powers,  thus  serving  for  the  dispersion  of  the 
snecies  around  the  spots  which  would  otherwise  become  overcrowded 
Z  Z  armulation  if  individuals.  The  relative  development  of  thi. 
'Lirva-zooid'  and  of  the  '  EcHnoderm-zooid,'  however,  vaiy  considerably 
i^  Sren  species.  In  the  first  case  of  the  kind  observed  by  Sai-s,t 
that  of  the  Echinaster  rubens,  the  '  larva-zooid'  bears  so  smaU  a  propoi^ 
tion  to  the  'Asterid-zooid'  which  it  bears,  that  its  independent  character 

*  ^<  Zoological  Eesearches,"  Part  L  -d  '^^^/^^^/Ts^.,  Zoo,., 
t  "Fauna  littoraUs  Noi-vegia),  aiui     Anu.  aes  ^n.  i  .  ., 

Tom.  II.,  p.  190. 


Crinoid  state  of  Comatula  rosacea  (Penta- 
crinus  Europajus) ;  a,  b,  c,  successive  stages  of 
developmeut. 
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was  not  observed,  until  pointed  out  by  Buscli*  and  Muller  jt  it  having 
been  at  first  considered  as  a  mere  i^edicle  or  organ  of  attachment,  put 
forth  from  the  embryo-Echinoderm.  The  evolution  of  the  mulberry- 
mass  by  the  segmentation  of  the  yolk,  takes  place  as  in  other  animals 
(Fig.  241,  c,  D,  E,  f);  and  the  embiyo  comes-fortli  from  the  egg  soon 


Fio.  241. 


DeTelopment  of  Embryo  of  Ecldnaster  rubens; — A,  ovarian  ccecum,  eontainiug  ova  in 
various  stages  of  development,  the  most  mature  being  seen  at  a;  b,  ovarian  ovum  highly  mag- 
nified, shoNving  the  germinal  vesicle  and  spot;  c,  an  ovum  after  its  deposition,  the  natural  size 
being  also  shovm;  D,  B,  P,  successive  stages  of  the  segmentation  of  the  yolk;  G,  embryo  soon 
after  its  escape  from  the  ovum,  showing  at  a,  b,  two  of  the  rudimentary  organs  of  attachment; 
H,  end  view  of  the  same,  showing  aU  three  (a,  a,  b)  of  these  organs;  i,  more  advanced  embryo' 
attached  by  four  organs,  two  at  a,  and  two  at  b,  with  a  papillary  projection  p  between  them  • 
K,  embryo  more  advanced,  free  and  furnished  with  cirrhi,  e.  ' 

after  it  has  attained  this  state,  and  swims  freely  about,  by  means  of 
the  cilia  with  which  it  is  covered,  in  a  sort  of  marsupial  chamber 
which  is  formed  by  the  drawing-together  of  the  rays  of  the  parent 
around  its  mouth.  Soon  after  its  emersion,  the  embryonic  mass  begins 
to  manifest  a  separation  into  two  parts,  one  of  which  is  at  once 
evolved  into  the  'larva-zooid,'  which  possesses  a  stomach  and  probably 
a  mouth  of  its  own,  while  the  other  is  subsequently  developed  into 
the  Asteroid  form.  The  'larva-zooid'  at  first  possesses  two  tubercles, 
the  subdivision  of  one  of  which  soon  forms  a  third  (g,  h),  while  a  fourth 
is  afterwards  formed  by  the  subdivision  of  the  other  (i),  an  apparent 
mouth  being  situated  in  a  papillary  projection  (c)  between  them.  At 
the  same  time,  the  principal  mass  gradually  becomes  flattened,  and  shapes 
itself  into  five  lobes  surrounding  a  central  disc;  tlnis  sketching-out  the 
body  and  rays.  When  in  this  state,  it  attaches  itself  to  fixed  objects  by 
its  organ  of  adhesion ;  but  if  detached,  it  swims  through  the  water  by 
the  action  of  the  cilia  with  which  the  surface  is  clothed.  At  the  same 
time,  five  double  rows  of  small  tubercles  may  be  perceived,  radiatino- 
from  the  centre  of  what  is  to  become  the  ventr-al  surface  of  the  body''- 
these  gradually  elongate  themselves,  and  become  cirrhi  (k,  e),  each  fiir- 

^^*^"Beobachtungeniiber  Anatomie  und  Entwickolung  einiger  Wirbellosen  !=!eetbjere, " 
t  "  Uber  den  allgemeinen  Plan  in  der  Entwickelung  der  Ecbinodermen,"  18.53 
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iiished  with  a  sucker  at  its  extremity.  A  peculiar  tubercle  is  also  seen 
at  the  edge  of  each  of  the  five  lobes  of  the  body;  and  this  is  the  rudi- 
ment of  the  ocellus,  which  is  afterwards  found  at  the  extremity  of  each 
vay.  As  development  iiroceeds,  the  '  larva-zooid'  which  forms  the  so- 
called  pedicle,  gradually  decreases  in  size,  and  the  '  Asterid-zooid'  creeps 
by  means  of  its  cirrhi J  and  at  last  the  'pedicle'  is  drawn  (as  it  were) 
into  the  body,  the  lobes  of  the  body  lengthen  into  rays,  the  animal  loses 
its  ciliograde  progression,  and  the  ordinary  characters  of  the  Star-fish 
become  ajiparent. — The  progress  of  the  internal  organization  is  thus 
described  by  Agassiz.*  The  earliest  deposit  of  calcareous  matter  takes 
place  around  the  prominent  tubercles  of  the  lower  smface;  at  first  in 
the  condition  of  little  isolated  crystals,  which  are  formed  as  nuclei  in  the 
cells ;  and  then  as  a  network  formed  by  the  coalescence  of  several  of 
these.  Of  these  networks  there  are  at  first  ten,  symmetrically  disposed 
on  the  ventral  surface,  in  a  manner  corresponding  to  the  arrangement 
of  the  solid  plates  in  Crinoids ;  but  they  gradually  increase  in  number, 
and  more  distinctly  mark-out  the  rays;  new  ones  being  interposed  in 
pairs  between  those  already  existing,  and  small  spines  projecting  from 
the  older  ones.  The  calcareous  deposit  in  the  dorsal  surface,  on  the 
other  hand,  seems  to  proceed  from  a  central  nucleus  above  the  yolk-mass. 
The  progress  of  development  is  obviously  from  without  inwards ;  the  cells 
on  the  surface  of  the  yolk-mass  being  the  first  to  undergo  metamorphosis 
into  the  permanent  structure.  Those  occupying  the  central  part  of  the 
body  and  'pedicle'  (or  larva-zooid),  undergo  liquefaction;  and  a  kind  of 
circulation  is  seen  in  the  latter.  Gradually  what  remains  of  the  yolk- 
mass  is  more  distinctly  cii'cumscribed  in  the  interior  of  the  animal,  and 
forms  a  central  cavity  with  prolongations  extending  into  the  rays ;  but 
it  is  not  until  the  '  pedicle'  has  contracted  itself  into  a  mere  vesicle,  that 
the  mouth  of  the  Asteroid  is  formed,  by  the  thinning-away  of  the  envelope 
of  the  yolk-mass  on  the  lower  sru-face,  a  little  to  one  side  of  the  base  of 
the  '  pedicle ;'  and  it  is  not  until  after  the  formation  of  the  mouth,  that 
the  nervous  ring  can  be  traced,  with  its  prolongations  extending  to  the 
ocelli  at  the  extremities  of  the  rays. — The  whole  course  of  development 
on  this  type  is  comparatively  rapid ;  and  the  direct  conversion  of  the 
greater  part  of  the  vitelline  mass  into  the  permanent  form,  seems  here  to 
render  unnecessary  that  evolution  of  organs  peculiar  to  the  larva-zooid, 
which  occurs  in  most  other  instances. 

551.  The  larvse  of  Echinodermata  generally  are  formed  upon  the 
bi-lateral  type,  and  have  a  ciliated  fringe  on  each  side  of  the  body,  the 
two  being  united  by  a  superior  and  an  inferior  transverse  band,  between 
which  the  mouth  of  the  Zooid  is  always  situated;  and  they  all  have  a 
stomach  and  intestine,  with  a  separate  anal  orifice.  Their  external  forms, 
however,  vary  in  a  most  remarkable  degree,  owing  to  the  imequal  develop- 
ment of  their  dilferent  parts.  The  relation  of  the  Echinoderm-zooids  to 
the  Larva-zooids  also  varies  considerably.  In  no  instance  are  the  mouth 
and  oesophagus  of  the  latter  preserved  in  the  former;  a  new  mouth 
being  always  formed  in  the  Echinoderm-zooid,  often  in  a  place  very 
difierent  from  that  of  the  larva.  In  the  Holothuriada,  no  other  organs  of 
the  Larva-zooid  are  lost  in  the  Echinoderm-zooid,  save  the  mouth  and 


*  "  Lectures  on  Comparative  Embryology,"  New  York,  1849. 
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Fig.  242. 


cesophagiis,  aud  tlic  ciliated  bands;  so  that  the  passage  from  one  form 
to  the  other  more  resembles  an  ordinary  metamorphosis.  But  among 
the  Echinida,  Ophiurida,  and  Asteriada,  we  generally  find  that  the  only 
part  retained  is  a  portion  of  the  stomach  and  intestine,  which  is  pinched- 
off  (so  to  speak)  from  that  of  the  larva.  In  these  three  groups,  the 
Echinoderm-zooid  developes  itself  in  close  apposition  with  the  wall  of 
the  stomach,  taking  its  origin  in  a  very  minute  rudiment,  and  gradually 
evolving  its  characteristic  form.  The  parietes  of  the  body  are  first  dis- 
tinguished, and  the  '  water-vascular  system'  (which  is  so  intimately  con- 
nected with  them)  next  makes  its  appearance  in  the  manner  already 
noticed  (§  297,  note). 

552.  One  of  the  most  remarkable  forms  of  Echinoderui-larvse  is  that 
which  has  received  the  name  of  Bipinnaria  (Fig.  242),  from  the  symme- 
trical ai'rangement  of  its  nata- 
tory organs.  The  mouth  (a), 
which  opens  in  the  middle 
of  a  transverse  furrow,  leads 
through  an  cesophagus  h'  to  a 
large  stomach,  around  wliich 
the  body  of  the  Asteroid  has 
develojDed  itself;  and  on  one 
side  of  this  mouth  is  observed 
the  intestinal  tube  and  anus 
(6).  On  either  side  of  the 
anterior  portion  of  the  body, 
are  six,  or  more,  narrow  fin- 
like apjiendages,  which  are 
fringed  with  cilia;  and  the 
posterior  part  of  the  body  is 
prolonged  into  a  sort  of  pedicle, 
bilobed  towards  its  extremity, 
which  also  is  covered  with  cilia. 
The  organisation  of  this  larva 
seems  completed,  and  its  move- 
ments through  the  water  are 
veiy  active,  before  the  mass  at 
its  anterior  extremity  presents 
anything  of  the  aspect  of  the 
Star-fish;  in  this  respect  corresponding  with  the  movements  of  the 
'pluteus'  of  the  Echinida.  The  temporary  mouth  of  the  larva  does  not 
remain  as  the  permanent  moiith  of  the  Star-fish ;  for  the  cesophagus  of  the 
latter  enters  on  what  is  to  become  the  dorsal  side  of  its  body ;  and  the  true 
mouth  is  subsequently  formed  by  the  thinning-away  of  the  integument 
on  its  ventral  surface.  The  young  Star-fish  is  separated  from  the 
bipinnarian  larva,  by  the  forcible  contractions  of  the  connecting  pedi- 
cle, as  soon  as  the  calcareous  consolidation  of  its  integument  has  taken 
place,  and  its  true  mouth  has  been  formed,  but  long  before  it  has  attained 
the  adult  condition  ;  and  as  its  ulterior  development  has  not  hithei'to 
been  observed  in  any  instance,  it  is  not  yet  known  what  are  the  species 
in  which  this  mode  of  evolution  prevails.  The  larva  continues  active 
for  several  days  after  its  detachment ;  aud  it  is  possible,  though  perhaps 


Bvpvnncma  asierigera,  or  Larva  of  Star-fish;  a,  mouth; 
a',  cesopbagua;  I,  intestinal  tube  and  anal  orifice;  c,  ftu-- 
row  in  which  the  mouth  is  situated;  d  d',  bilobed  pedxmcle; 
1,  2,  3,  4,  5,  6,  7,  ciliated  arms. 
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sciirccly  probable,  that  it  may  develope  another  Asteroid  by  a  repetition 
of  this  process  of  gemmation.* 

553.  In  the  Bipiunaria,  as  in  other  hirva-zooids  of  the  Asteriada, 

there  is  no  internal  calcare- 
ous framework;  such  aframe- 
work,  however,  is  found  in 
the  larvae  of  the  Echinida 
and  Ophiurida,  of  which  the 
form  delineated  in  Fig.  243 
is  an  example,  t  The  embryo 
issues  from  the  ovum  as  soon 
as  it  has  attained,  by  the  re- 
peated segmentation  of  the 
yolk,  the  condition  of  the 
'  mulberry-mass  /  and  the 
sviperficial  cells  of  this  are 
covered  with  cilia,  by  whose 
agency  it  swms  freely 
thi'ough  the  water.  So  rapid 
are  the  early  processes  of 
development,  that  no  more 
than  from  twelve  to  twenty- 
four  hours  intervene  be- 
tween fecimdation  and  the 
emersion  of  the  embryo ;  the 
division  into  two,  four,  or 
even  eight  segments  taking 
place  within  tkree  hours 
after  impregnation.  Within 
a  few  hours  after  its  emer- 
sion, the  embryo  changes 
from  the  spherical  into  a 
sub-pyramidal  form  with  a 
flattened  base;  and  in  the 
centre  of  this  base  is  a  de- 
j^ression,  which  gradually 
deepens,  so  as  to  form  a 
mouth  that  communicates 
with  a  cavity  in  the  interior 
of  the  body,  which  is  sui-- 


Embryonie  development  of  Hchinua; — a,  Fluteuii-larva  at 
the  time  of  the  first  appearance  of  the  disc ;  a,  mouth  in  the 
midst  of  the  four-prouged  proboscis ;  h,  stomach ;  c,  echinoid 
disc ;  d,  d,  d,  d,  four  arms  of  the  pluteus-body;  e,  calcareous 
framework;/",  cUiated  lobes;  g,  g,  g>  g,  ciliated  processes  of 
the  proboscis : — B,  disc,  mth  the  first  mdication  of  the  cirrlu : 
— c,  disc,  with  the  origin  of  the  spines  between  the  cu-rhi : — 
D,  more  advanced  disc,  with  the  cirrhi  and  spines  projecting 
considerably  from  the  surface.    (N.B.  In  figs.  B,  c,  and  D, 


the  pluteus  is  not  represented,  its  parts  having  undergone  no  i^^^  „  nriyt^nn  r.f 

change,  save  in  becoming  relatively  smaller.)  roundccl  by  a  pOltlOU  Ot  tnc 

yolk-mass  that  has  retm'ned 
to  the  liquid  granular  state.  Subsequently  a  short  intestinal  tube  is 
found,  with  an  anal  orifice,  opening  on  one  side  of  the  body,  as  was  fia'st 

*  See  the  Observations  of  Koren  and  Daniellsen  (of  Bergen)  in  the  "  ZoologiskeBidrag," 
Bergen,  1847  (translated  in  the  "Ann.  des  Sci.  Nat.,"  3»Ser.,  Zool.,  Tom.  VII.,  p.  347)j 
and  the  Memoir  of  Prof.  Miiller  '  Uber  die  Larven  und  die  Metamorphose  der  Echinodemien, ' 
in  "  Abhaldlnngen  der  Koniglichen  Akaderaie  der  Wissenschaften  zu  Berlin,"  1848. 

+  See  Prof.  MiiUer,  '  Ueber  die  Larven  und  die  Metamorphose  der  Ophiuren  und  Seeigel," 
ill  "  Abhaldiungeii  der  Koniglichen  Akaderaie  der  Wissenschaften  zu  Berlin,"  1846.  See 
also,  for  the  earlier  stages,  a  Memoir  by  M.  Derbes,  in  "Ann.  des  Sci.  Nat.,"  3"=  Ser., 
Zool.,   Tom.  VIII.,  p.   80;  and  for  tlie  later,  Krohn's  "  Beitrag  zur  Entwickelungs- 


DEVELOPMENT  OF  ECHINODERMATA. 


567 


observed  by  Krohu.  The  pyramid  is  at  first  triangular,  but  it  after- 
xvards  becomes  quadrangular;  and  the  angles  are  greatly  prolonged  round 
the  mouth  (or  base),  whilst  the  apex  of  the  pyramid  is  sometnnes  much 
extended  in  the  opposite  direction,  but  is  sometimes  rounded-oft  into  a 
kind  of  dome  (Fig.  243,  a).  All  parts  of  this  curious  body,  and  especially 
its  most  projecting  portions,  are  streng-thenod  by  a  frame-work  of  thread- 
like calcareous  rods  (e).  In  this  condition,  the  embryo  swims  freely 
thi-ough  the  water,  being  propelled  by  the  action  of  cilia,  which  clothe 
the  four- angles  of  the  pyi-amid  and  its  projecting  arms,  and  which  are 
sometimes  thickly  set  upon  two  or  fotu-  projecting  lobes  (/);  and  it  has 
received  the  designation  of  Pluteus.  The  'pluteus'  of  the  Ophiura  and 
that  of  the  Echinus  at  first  cUfier  very  little  in  their  general  form  and 
structure;  but  the  'plutei'  of  difi"erent  species  vary  considerably  in  the 
nvmiber  of  their  arms,  some  having  as  many  as  thirteen.  The  mouth  is 
usually  surrounded  by  a  sort  of  proboscis,  the  angles  of  wliich  are  pro- 
longed into  foiu-  slender  processes  {g,  g,  g,  g),  shorter  than  the  four  outer 
leo^s,  but  furnished  with  a  similar  calcareous  frame-work.  In  this  con- 
dition, the  '  pluteus'  may  be  said  to  present  the  Acalephoid  type,_  corre- 
sponding with  the  Mednsse  in  its  proboscidiform  mouth,  and  resembling  the 
Beroe  in  its  propulsion  by  bands  of  cilia. 

554'.  The  lirst  indication  of  the  production  of  the  yovmg  Echinus  from 
its  'pluteus,'  is  given  by  the  formation  of  a  circular  disc  (Fig.  243,  a,  e), 
on  one  side  of  the  central  stomach  (h) ;  and  this  disc  soon  presents  five 
prominent  tubercles  (b),  which  subsequently  become  elongated  into  tubular 
cirrhi.  The  disc  gradually  extends  itself  over  the  stomach,  and  between 
its  cin-hi  the  rudiments  of  spines  are  seen  to  protrude  (c);  these,  with 
the  ciirhi,  increase  in  length,  so  as  to  project  against  the  envelope  of  the 
'  pluteus,'  and  to  push  themselves  through  it ;  whilst,  at  the  same  time, 
the  original  angular  appendages  of  the  '^^I^t^^^^^s'  diminish  in  size,  the 
ciliary  movement  becomes  less  active,  being  superseded  by  the  action  of 
the  ciiThi  and  spines,  and  the  mouth  of  the  '  pluteus'  closes-up.  By  the 
time  that  the  disc  has  grown  over  half  of  the  gastric  sj)here,  very  little  of 
the  'pluteus'  remains,  except  some  of  the  slender  calcareous  rods;  and 
the  number  of  tentacula  and  sj)ines  rapidly  increases.  The  calcareous 
trame-work  of  the  shell  at  first  consists,  like  that  of  the  Star-fishes,  of  a 
series  of  isolated  networks  developed  between  the  cirrhi ;  and  upon  these 
rest  the  first-formed  spines  (d).  But  they  gradually  become  more  con- 
solidated, and  extend  themselves  over  the  granular  mass,  so  as  to  form 
the  series  of  plates.  The  mouth  of  the  Echinus  (which  is  altogether  dis- 
tinct from  that  of  the  'pluteus')  is  formed  at  that  side  of  the  granular 
mass,  over  which  the  shell  is  last  extended;  and  the  first  indication  of  it 
consists  in  the  appearance  of  five  calcareoiis  accretions,  which  are  the 
summits  of  the  five  portions  of  the  frame-work  of  jaws  and  teeth  that 
surround  it.  All  traces  of  the  original  'pluteus'  are  now  lost;  and  the 
larva,  which  now  presents  the  general  aspect  of  an  Echinoid  animal 
gradually  augments  in  size,  multiplies  the  number  of  its  plates,  ciiTlii' 
and  spines,  evolves  itself  into  its  particular  generic  and  specific  type,  and 
undergoes  vaiious  changes  of  internal  structure,  tending  to  the  develop- 

geschichte  (lev  Seeigillarvcn,"  Heidelberg,  1849,  and  Iiis  Memoir  in  "Miller's  Arcliiv  " 
1851.— Prof.  Miiller  lias  accepted  tlie  corrections  made  by  M.  Kroliu  of  liis  own  earlier 
inferences. 
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Origm  of  the  OpUura  from  the  side  of  the 
stomach  in  the  body  of  its  Pluteua: — a,  a  cluster 
ot  cceca ;  B,  the  form  of  the  body  marked-out,  with 
the  commencement  of  the  arms. 


ment  of  the  complete  oi-ganism.— The  body  of  the  Oiyhiwra  take.s  its 

origin  in  a  set  of  little  caeca  (Fig.  244), 
which  extend  themselves  from  the 
central  mass  nearly  in  the  position 
of  the  disc  of  the  Ecliinusj  and 
these  grow  into  a  sort  of  circular 
cluster  (a),  which  gradually  shapes 
itself  into  the  form  of  the  body  of 
the  Ophiura  with  incipient  arms  (b). 
The  other  changes  take  place  veiy 
much  after  the  same  fashion  as  in 
the  Echinus. 

555.  The  developmental  processes 
of  which  a  sketch  has  now  been 
given,  undoubtedly  constitute  a  most 
remarkable  series.  "We  here  find 
the  yolk-mass  converted  into  a  structm-e,  which  is  destined  only  to  possess 
a  transient  existence,  and  which  disappears  entirely  by  the  time  that  the 
development  of  the  offset  from  it  has  advanced  so  far,  that  it  begins  to 
assume  the  characters  of  the  permanent  organism.  This,  however,  is 
what  takes  place  in  the  higher  Vertebrata;  for  the  structures  fii^t  de- 
veloped in  the  egg  of  the  bird  hold  nearly  the  same  relation  to  the  rudi- 
mentary Chick,  that  the  '  Pluteus '  bears  to  the  incipient  Echinus  or 
Ophiura,  or  the  '  Bipinnaria  '  to  the  incipient  Star-fish.  The  only  essen- 
tial difference  consists  in  this,  that  the  development  of  these  temporary 
structures  proceeds  so  much  further  in  the  latter  case,  as  to  give  them 
more  the  character  of  distinct  '  individuals  j'  and  they  are  endowed  with 
self-moving  powers,  whereby  they  are  dispersed  through  the  water  in  this 
stage  of  their  existence,  so  as  to  prevent  that  accumulation  in  particular 
localities,  which  would  otherwise  result  from  the  comparatively  sluggish 
habits  of  these  animals  in  their  adult  condition.  We  may  trace  the 
analogy  yet  further ;  for  the  '  blastodermic  vesicle,'  which  is  cast-ofi"  (like 
the  Bipinnaria  of  the  Star-fish)  from  the  foetus  of  the  Mammal,  is  gradu- 
ally taken  (like  the  '  pluteus '  of  the  Echinus)  into  the  body  of  the  Bird ; 
and  we  have  the  representation  of  the  type  of  development  first  described 
(§  550),  in  the  mode  of  evolution  of  the  Batracliian  Reptiles,  the  whole 
of  whose  vitelline  mass  goes  at  once  to  be  converted  into  the  embiyo,  as 
that  of  the  Echinaster  is  appropriated  by  the  Asterid-zooid. 

556.  Passing-on  now  to  the  Molluscous  sub-kingdom,  we  find  in  the 
Bryozoa  such  a  close  apjjroximation  to  the  Zoophytic  tyjie,  as  regards  theii- 
multiplication  by  continuous  gemmation,  that  it  is  not  surprising  that 
their  place  in  the  animal  series  should  have  been  at  first  mistaken ;  more 
especially  when  the  notion  prevailed,  that  no  true  Mollusk  ever  multiplies 
itself  by  this  method.  So  characteristic  is  this  process,  indeed,  of  Bryo- 
zoa, that  there  is  no  instance  known  of  an  animal  of  this  group  existing 
permanently  in  a  solitary  condition,  like  the  Hydra  or  Actinia ;  since 
every  Bryozoon,  on  emerging  from  the  egg,  tends  to  evolve  itself  into  a 
composite  structure,  the  gemmation  taking- place  either  from  the  interior 
of  the  tubular  stem  and  Isranches,  which  usually  connect  together  the 
cavities  of  the  sevei-al  cells,  or  from  the  cells  themselves,  where  no  stem 
intervenes.    The  general  plan  on  which  this  gemmation  commences,  is 
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Fig.  245. 


the  same  as  iu  the  Hyclraform  Zoophytes ;  for  there  is  first  seen  a  bud- 
like protuberance  of  the  horny  external  integument,  into  which  the 
medulhuy  lining  prolongs  itself;  the  cavity  thus  formed,  however,  is  not 
to  become,  as  in  the  group  just  referred-to,  the  stomach  of  the  new  zooid ; 
but  it  constitutes  the  chamber  surrounding  the  stomach,  which  remains 
completely  enclosed,  by  the  continuity  of  the  membrane  lining  the  cell 
with  that  of  the  visceral 
sac.  The  digestive  appa- 
ratus takes  its  origin  in 
a  thickening  of  the  me- 
dullary membrane  (Fig. 
245,  A,«),  which  projects 
from  one  side  of  the  ca- 
vity into  its  intei'ior ;  and 
the  cells  of  the  central 
pai-t  of  this  appear  to 
deliquesce  and  foi-m  the 
digestive  cavity,  whilst 
from  those  which  sur- 
round it  are  developed 
the  walls  of  the  alimen- 
tary canal,  the  tentacula, 
and  the  muscles  which 
protiTide  or  retract  this       a  b  o 

apparatus.    The  first  ap-  Gemmiparous  extension  of  Lagunmila  repens : — A,  a  bud  in  an 

f,-\      .1       1  early  stage  of  development,  shomng  at  a  a  thickening  of  the  inte- 

pearance  OI  tne  tentacula  rior  membrane,  which  is  the  first  rudiment  of  the  digestive  appa- 

is  seen  at  B    a'    and  a  — b,  the  same  more  advanced,  the  rudimentary  tentacula 

'      ■'            .  bein^  now  in  process  of  formation,  and  another  thickening  showing 

more  advanced  stage  m  itselt  at  b,  as  the  rudiment  of  the  male  generative  organ  ;— c,  the 

tlip  flp-i7plnnTnf^n+  +1ta  ppII  ^^'^^^'^J  before  the  opening  of  the  cell;  c,  buccal  cavity;  /, 

tne  development,  tne  ceil  stomach;  i,  intestine;  o,  retractor  muscles. 

being   still    closed,  is 

shown  at  c.  Whilst  these  organs  are  being  evolved,  the  foundation  is 
laid  for  the  generative  apparatus,  in  a  similar  thickening  of  the  medul- 
laiy  membrane  in  the  lower  part  of  the  cell  (b,  h);  and  this  in  due  time 
acquires  its  full  development,  and  matures  its  spermatic  cells. — The 
Generative  organs  of  the  two  sexes  are  usually,  if  not  invariably,  united 
in  the  same  zooids;  and  are  attached  to  the  lining-membrane  of  the 
visceral  cavity,  the  testes  (Fig.  49,  m)  being  situated  beneath  the  stomach, 
and  the  ovarium  {n)  near  the  mouth  of  the  cell.*  Both  discharge  their 
products  by  the  rupture  of  their  envelopes,  into  the  visceral  cavity;  and 
the  ova  (o)  lying  in  this,  are  fertilized  by  the  spermatozoa  which  they 
there  meet-with.  The  manner  in  which  they  are  finally  discharged  is 
not  yet  ascertained;  in  Laguncula,  according  to  Prof  Yan  Beneden,  they 
escape  by  an  outlet  (2?)  beneath  the  tentacular  circle;  but  no  such  outlet 
has  been  detected  by  Prof  Allman  in  the  fresh-water  species.  The  ova 
are  sometimes  furnished,  before  their  escape,  with  a  very  firm  horny 
casmg  (occasionally  provided  with  hooked  spines),  which  aj^pears  destined 
to  secure  them  from  the  effects  of  the  winter's  cold,  to  which  the  fresh- 

*  It  is  asserted  by  Prof.  Van  Beneden  that  the  sexes  are  distinct  in  some  of  the  fresh- 
water species ;  but  this  is  contracUcted  by  Prof.  Allman,  whose  Memoir  'On  Freshwater 
Polyzoa  in  the  'Report  of  the  British  Association"  for  1850,  may  be  referred-to  as  con- 
taining the  fullest  information  on  the  reproductive  processes  in  that  group 
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water  Bryozoa  are  more  severely  exposed  thau  the  inariue, — beiug,  for 
the  most  part,  iuhabitauts  of  small  collections  of  water,  that  are  liable  to 
be  completely  frozen.  In  most  cases,  however,  the  embiyo  is  set-free  in 
the  state  of  a  ciliated  gemmule,  from  which  the  first  cell,  with  its  highly 
organized  tenant,  is  gradually  evolved ;  but  of  the  details  of  its  history 
little  is  known. 

557.  The  Tunicata  correspond  closely  with  the  Bryozoa  in  their  mul- 
tiplication by  gemmation ;  for  this  is  the  mode  wherein  all  those  clus- 
ters are  formed,  which  constitute  a  large  proportion  of  the  entire  series  of 
these  animals;  the  solitary  species,  which  do  not  propagate  by  this 
method,  being  abnost  as  exceptional  as  they  are  among  Zoophytes.  In 
all  that  gi'oup  which  corresponds  in  its  general  structure  with  the  Asci- 
diari  type,  the  gemmation  takes  place  externally ;  and  it  usually  proceeds 
from  a  sort  of  tubular  stolon,  which  extends  itself  from  the  base  of  each 
zooid  (Fig.  138),  and  which  is  in  connection  with  the  cu'culating  apparatus, 
so  that  a  double  current  of  blood  moves  in  it.  The  development  of  the 
Ascidian  zooid  within  the  buds  which  arise  from  this  stolon,  seems  to  take 
place  after  a  mode  essentially  the  same  with  that  of  the  Bryozoan ;  but 
when  it  has  proceeded  to  an  extent  that  renders  the  zooid  independent  of 
the  parent,  the  circulation  through  the  connecting  peduncle  usually 
ceases,  so  that  henceforth  the  zooid  is  organically  detached  from  the 
parent-stock,  although  remaining  included  with  it  in  the  common  enve- 
lope. Thus  we  see  that  the  presence  of  a  general  circulation  in  the  clus- 
ters of  Ferojjhora  (§  235),  is  in  reality  to  be  regarded  as  the  persistence  of 
an  emliryonic  character  originally  common  to  all  the  Compound  Ascidians. 
In  some  of  these  animals,  however,  as  in  many  Biyozoa,  the  gemmation 
of  the  zooids  takes  place  directly  from  the  exterior  of  the  body,  instead 
of  from  a  ^prolongation  of  it  into  a  stolon. — In  the  Scdpidce,  the  produc- 
tion of  zooids  by  gemmation  takes  place  after  a  very  different  fashion ; 
for  the  stolon  from  which  they  are  put-forth  is  here  internal;  and  large 
numbers  of  buds  are  developed  from  it  at  the  same  time.  The  process 
commences  at  a  very  early  period  in  the  life  of  the  '  stock  /  for  the  stolon 
is  distinctly  visible  before  its  own  embryonic  development  is  completed ; 
and  the  evolution  of  the  first  set  of  buds  commences  forthwith,  so  that  it 
takes  place  coincidently  with  the  growth  of  the  '  stock'  itself  A  second 
group  of  buds  is  usually  put-forth,  and  even  the  formation  of  a  third  has 
often  commenced,  before  the  first  is  ready  to  be  detached.  All  the  buds 
of  each  group  are  detached  at  the  same  time;  they  adhere  together  by 
their  external  surfaces,  or  by  special  organs  of  attachment;  and  they  thus 
form  those  chains  or  clusters  of  '  aggregate '  Salpse,  which  are  frequently 
found  floating  on  the  ocean-surface  in  the  warmer  regions  of  the  globe. 
Thus  whilst  the  several  zooids  of  the  Compound- Ascidian-masses  owe 
their  existence  the  one  to  the  other,  and  the  whole  to  the  primordial 
'  stock  '  which  laid  the  foundation  of  the  cluster  (thus  strictly  resembling 
the  relation  of  the  several  leaf-buds  of  a  tree  to  each  other  and  to  the 
original  plumule),  the  zooids  forming  the  Salpa-chains  are  related  only  by 
their  common  origin  from  the  same  stolon,  and  the  '  stock'  forms  no  part 
of  the  chain,  but  remains  as  a  solitary  individual— According  to  MM. 
Lbwi'^  and  Kolliker,  a  sort  of  fissiparous  multiplication  takes  place  m 
some  of  the  Botryllidoi,  at  a  very  early  period  of  embryonic  development; 
"each  ovum  producing,  by  its  segmental  division,  not  a  single  individual, 
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l)ut  a  Stellate  cluster  (Fig.  51).  Shoixld  such  be  the  case,  the  phenomenon 
would  be  the  parallel,  in  the  Animal  kingdom,  to  the  free  gemmation  ot 
Mosses  whilst  yet  in  the  confei-void  state  (§  492).  The  fact,  however,  is 
denied  by  Prof.  Milne-Edwards,  who  considers  that  the  cluster  is  formed 
by  subsequent  gemmation  from  the  first  individual;  and  the  matter 
remains  open  for  fiu^ther  investigation. 

558.  Every  Tunicated  animal  of  the  Ascidian  type,  whether  solitary 
or  composite,  possesses  two  sets  of  sexual  organs;  an  ovarian  mass, 
usually  of  considerable  size,  which  lies  deep  in  the  cavity  of  the  body 
(Fig.  121,  <?),  and  is  furnished  Avith  an  oviduct  that  opens  into  the  cloaca; 
ancf  a  testis  (?),  wliich  usually  lies  beneath  the  ovary,  and_  is  furnished 
with  an  efferent  canal  (r,  r')  that  opens  in  close  proximity  with  the  outlet 
of  the  oviduct;  so  that  the  ova  are  fertilized  within  the  cloaca,  imme- 
chately  after  their  escape  from  the  oviduct,  and  the  changes  in  which  the 
earlier  stages  of  embryonic  development  consist,  may  be  usually  seen  to 
have  taken  place  previously  to  the  final  exit  of  the  ovum  from  the  body. 
In  all  the  members  of  this  group  in  which  the  history  of  the  process  has 
been  yet  observed,  the  embryo  comes-forth  from  the  egg  in  a  form  quite 
different  from  that  which  it  is  subsequently  to  present ;  and  is  endowed 
with  the  power  of  free  locomotion,  so  important  for  the  dispersion  of 
animals  that  are  to  pass  the  whole  remainder  of  their  lives  in  a  fixed  con- 
dition. The  following  is  a  sketch  of  the  liistory  of  the  process,  as  observed 
by  Prof  Milne-Edwards  in  Amaroucium  'proliferum.  The  yolk  appears 
to  undergo  the  usual  segmentation  within  a  very  short  period  after  fecun- 
dation, so  that  the  'mulberry  mass'  (Fig.  246,  h)  is  soon  produced;  and 
at  the  same  time  there  is  formed  between  the  yolk  and  the  external 

Fig.  246. 


Development  of  the  embryo  ot  Amarourium  prolifertim; — a,  mature  ovxun,  escaijed  from  tlic 
oviiry;  b,  ovum  taken  from  the  cloaca,  advanced  to  the  state  of  ' mulberry  mass;'  c,  d,  more 
advanced  states  of  the  ovum,  still  within  tlic clones;  c,  ovum  wlios6  pmI)rvo  is  roudy  to  cmcrtjo' 
./;  larva  newly  oscaiied  ;  larva  some  hours  al'ter  fixation ;  h,  the  same,  ton  hours  after  Uxal  ion  • 
i,  the  same  twenty  liours  after  fixation ;  k,  the  same,  at  the  eommencement,  and  I,  at  llie  con- 
elusion,  of  the  second  day  after  fixation. 
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membrane  of  the  ovnm,  a  gelatinous,  transparent,  nearly  colourless  layer 
which  apparently  becomes  the  external  tunic  or  '  test'  of  the  young  animal' 
Ihe  marginal  portion  of  the  yolk  then  begins  to  separate  from  the  central 
]nass,  so  as  at  first  to  appear  like  a  sort  of  ring  encircling  it  (c) ;  but  it  is 
soon  observable  that  the  apparent  ring  is  really  a  tapering  prolongation 
which  encircles  the  central  part  of  the  yolk,  adhering  by  its  base  and 
having  its  extremity  free  {d).  A  further  change  takes  place,  previously 
to  the  exclusion  of  the  egg ;  for  the  tail-like  ajipendage  becomes  more 
and  more  separated  from  the  central  mass;  and  the  anterior  extremity  is 
furnished  with  five  diverging  cylindrical  processes,  which  advance  towards 
the  border  of  the  egg  (e),  two  of  these,  however,  disappearing,  whilst  the 
other  three  increase  in  size,  previously  to  the  exclusion  of  the  egg.  Either 
whilst  the  egg  is  still  within  the  cloaca,  or  after  it  has  escaped*  from  the 
anal  orifice,  its  envelope  bursts,  and  the  larva  escapes;  and  in  this  con- 
dition (/)  it  presents  very  much  the  appearance  of  a  tadpole,  the  taU 
being  straightened-out,  and  propelling  the  body  through  the  water  by  its 
lateral  undulations.  The  centre  of  the  body  is  occupied  by  a  mass  of 
liquid  yolk;  and  this  is  continued  into  the  interior  of  the  three  anterior 
processes,  each  of  which  has  a  sort  of  sucker  at  its  extremity.  After 
swimming  about  for  some  hoiu^s  with  an  active  wriggling  movement, 
the  larva  attaches  itself  to  some  solid  body  by  means  of  one  of  these 
suckers;  if  disturbed  from  its  position,  it  at  first  swims  about  as  before; 
but  it  soon  completely  loses  its  activity,  and  becomes  permanently  attached ; 
and  important  changes  speedily  manifest  themselves  in  its  interior.  The 
prolongations  of  the  central  yolk-substance  into  the  anterior  i^rocesses 
and  tan,  are  gradually  retracted  {g,  h),  so  that  the  whole  of  it  is  once  more 
concentrated  into  one  mass;  and  the  tail,now  consisting  only  of  the  gelati- 
nous envelope,  is  either  detached  entire  from  the  body,  by  the  contraction 

of  the  connecting  portion  (i),  or  withers  and 
thrown  off"  gradually  in  shreds.     At  this 


Fig.  247. 


is 


stage,  a  division  of  the  central  mass  into  two 
unequal  parts  is  indicated;  and  the  anterior  part 
exhibits  a  deep  yellow  annular  patch,  cu-cum- 
scribing  a  paler  yellow  spot,  which  marks  the 
position  of  the  future  mouth ;  whilst  in  the  pos- 
terior portion  there  is  a  clear  sjDot,  in  which  the 
development  of  the  heart  commences.  The  for- 
mation of  the  internal  organs  takes  place  very 
rapidly ;  so  that  by  the  end  of  the  second  day  of 
the  sedentary  state,  the  outlines  of  the  branchial 
sac  (the  mode  of  whose  development  has  been 
already  described,  §  289),  and  of  the  stomach  and 
intestine,  may  be  traced;  no  external  orifices, 
however,  being  as  yet  formed.  The  jjulsation  of 
 ,  ..,  „   the  heart  commences  on  the  third  day,  and  the 

gumentary  envelope;  b,  proper    „  .         />ni  i-i        i         t      •  n  xi 

tunic  of  the  individual;  c,  mouth;  formation  oi  the  branchial  and  anal  orifices  takes 
c,branchialsac;/,thoraoicsiuus;  ^i^^q      ^]^g  fourth;  and  the  ciliaiy  cm-rents  are 

h,  cloaca;  t,  anus;,?,  ganglion;    f  t  x  i         j.  i  t  i     i  i    It.      i  i  •  i 

fc, oesophagus; /..stomach ;m, in-  immediately  estabuslied  through  the  brancmal 
clf^T/  sac  and  alimentary  canal.  It  is  interesting  to  re- 

mark that  the  caudate  form  of  the  early  larva  is 
retained  in  the  curious  Appendicularia,  which  in  some  other  particulars 


Anatomy  of  more  advanced  em- 
bryo o{  Amaro2tcium  proUferum, 
showing  its  progi'ess  towards  the 
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retains  the  larval  type  of  conformation  (§  289) ;  while  the  entire  form  of 
the  young  Amaroucium  at  a  later  period  (Fig.  247)  corresponds  rather 
with  that  of  the  Didemnian  group,  in  which  the  post-abdomen  is  not  deve- 
loped, than  with  that  of  the  Polyclinians,  which  it  is  ultimately  to  possess 
(Fig.  121).  The  elongation  of  the  posterior  portion  so  as  to  form  the  post- 
abdomen  (enclosing  the  heart  and  generative  apparatus),  does  not  com- 
mence imtil  towards  the  end  of  the  second  week;  when  the  formation  of 
the  genital  organs,  from  a  mass  of  granular  matter  between  the  heart  and 
the  intestine,  begins  to  show  itself — The  embryonic  develoj^ment  of  other 
Ascidians,  solitaiy  as  well  as  composite,  takes  place  in  a  manner  essen- 
tially the  same  with  the  foregoing;  a  free-moving  tadpole-like  larva  being 
first  produced,  in  all  the  instances  in  which  the  process  has  been  yet 
observed ;  and  this  attaching  itself  by  some  part  of  its  surface,  before  the 
development  of  the  future  organism  has  made  much  progress.* 

559.  The  embryonic  development  of  the  Salpidce,  however,  presents 
some  very  curious  distinctive  features.  These  animals  exist  under  two 
distinct  forms,  the  '  solitary,'  and  the  '  aggregate ; '  every  solitary  Salj^a 
having  an  aggregate  form,  which  answers  to  it  and  alternates  with  it. 
It  is  in  the  aggregate  Salpte  alone,  that  sexual  organs  exist  j  and  each 
individual  contains  both  ovaria  and  testes.  Nevertheless  it  seems  pro- 
bable that  they  are  not  self-fertilizing ;  since  the  development  of  the 
spermatic  organ  has  been  found  in  several  instances  to  be  more  tardy  than 
that  of  the  ovary;  so  that  it  is  probable  that  the  ovaries  of  all  the 
zooids  of  one  chain  are  fertilized  by  the  spermatozoa  developed  by  another. 
Each  zooid  usually  produces  but  a  single  ovum,  and  propagates  but  once 
in  life;  and  this  ovum  is  fertilized  whilst  yet  within  the  body  of  the 
pai-ent,  doubtless  by  spermatozoa  cbawn-in  with  the  branchial  current. 
Instead  of  being  expelled,  however,  in  an  early  stage  of  its  embryonic  de- 
velopment, the  ovum  is  retained  within  the  body  of  the  parent;  and  it 
there  forms  an  adhesion  to  a  peculiar  organ,  that  resembles  in  all  essential 
paiiiiculars,  the  ^j?ace%i!ct  of  the  Mammal  (§  608),  the  fcetal  and  maternal 
vessels  interpenetrating  as  it  were,  without  communicating,  in  such  a 
manner  as  to  allow  the  transudation  of  fluids  from  one  to  the  other.  The 
embryo  does  not  become  detached,  until  the  greater  number  of  its  organs 
have  neai'ly  attained  their  full  development;  the  alternating  pulsations  of 
the  heart  so  characteristic  of  the  class  (§  234),  together  with  the  respii-atory 
movements,  having  been  established  for  some  time;  and  the  internal 
stolon  from  which  the  gemm*  are  to  be  jDut  forth,  being  already  present 
in  the  form  of  a  short  delicate  filament,  whose  edges  possess  serrations 
that  mdicate  the  points  of  origin  of  the  future  buds. 

560.  Thus,  starting,  as  before,  from  the  completion  of  the  Generative 
act,  we  find  a  '  solitary'  Salpa  produced,  which,  like  the  first-formed  Com- 
pound Ascidian,  has  the  power  of  multiplying  its  kind  by  gemmation  • 
and  the  chief  difference  between  the  two  cases  consists  in  this,  that  the 
original  fealpa-stock  never  evolves  true  generative  organs  in  its  ownbodv 
but  that  these,  as  in  the  Hydraform  Zoophytes,  ai-e  developed  in  distinct 

*  In  adclition  to  the  admirable  Memoir  of  Prof.  Milne-Edwards,   "Snr  les  Ascidies 
Composees  "  see  those  of  KolUker  ("Ann.  des  Sci.  Nat.,"  3°  Ser.,  Tom.  V.),  Van  Beneden 
("Mem.  de  I'Acad.  Roy.  de  Bruxelles  "  Tom  "X-R-  \  tt.wI^^,,  /(nL  t.  r  i  -i^Kueuen 
dicularia,'  "Philos.  TLsact.,'MSi);''amlShi  O'Sr's  A^f  "1^^^^ 
translated  in  "Taylor's  Scientific  Memoirs")  ^^^Uers  Aicluv.,    1852,  1853, 


574 


OF  GENERATION  AND  DEVELOPMENT. 


zooids,  which  have,  like  the  solitary  Salpa,  the  power  of  free  locomotion, 
and  which  thus  propagate  the  race  in  distinct  localities.  To  speak  of 
the  '  solitary'  and  '  aggregate'  Salpte  as  constituting  two  distinct  genera- 
tions, is  to  affirm  that  the  foi-mer  are  complete  organisms ;  but  as  they 
never  evolve  true  generative  organs,  it  is  obvious  that  they  have  no  titie 
to  be  so  regarded,  since  the  evolution  of  the  genital  apparatus  is  essential 
to  the  perfection  of  every  fully-organised  individual.  The  character  of 
the  species  mnst  include,  as  is  now  generally  admitted,  both  the  forms 
under  which  it  is  manifested ;  and  it  is  necessary  to  bring  together  the 
entire  series  of  vital  actions  performed  by  both,  in  order  to  possess  that 
complete  physiological  history  of  any  species  of  Salpa,  which  is  afforded, 
in  higher  animals,  by  the  life  of  any  single  individual,  if  hermaphi-odite, 
or  by  that  of  any  pair,  if  dioecious.  The  production  of  the  'aggi'egate' 
Salpse  must,  it  is  evident,  be  regarded  as  a  process  of  develojmient,  whilst 
that  of  the  '  solitary'  is  the  only  true  generation;  consequently,  this  ex- 
ample does  not,  any  more  than  those  already  cited,  afford  suppoi-t  to  th(i 
doctrine  of  "  Alternation  of  Generations,"  although  usually  cited  as  one 
of  its  most  characteristic  instances. — It  is  interesting  to  remark  in  con- 
clusion, that  through  the  whole  of  this  very  interesting  group,  we  find  a 
provision  for  the  dispersion  of  each  species,  in  one  state  or  another  of  its 
existence.  In  the  Ascidians,  it  is  the  embryo  which  is  self-moving,  and 
the  adult  which  is  fixed ;  whilst  in  the  Sal2nans,  it  is  the  embryo  wliich 
is  fixed,  and  the  adult  which  is  self-moving.  In  the  one  case,  as  in  the 
other,  the  motions  appear  to  be  purely  automatic ;  but  in  the  embryo  thej'^ 
are  performed  by  those  simple  rhythmical  contractions  in  cellular  tissues, 
which  correspond  with  those  of  the  heart  in  the  early  stage  of  its  deve- 
lopment (§  255) ;  whilst  in  the  adult  they  seem  to  be  reflex,  depending 
on  the  instrumentality  of  nerves  and  muscles.'* 

561.  In  the  Conchiferous  Acephala  we  meet  with  no  indication  what- 
ever of  the  power  of  gemmiparous  midtiplication ;  the  true  Generative 
process  being  the  only  means  by  which  their  reproduction  is  accomplished, 
alike  in  the  Bracliiopoda,  and  in  the  Lamellibrmichiata.  In  the  former 
of  these  groups,  according  to  Prof.  Owen,t  the  male  and  female  organs; 
are  disposed  in  distinct  individuals;  the  observations  on  which  this  con- 
clusion rests,  however,  are  by  no  means  sufficient  to  determine  this  ques- 
tion, as  will  presently  appear.  Among  the  animals  of  the  latter  group, 
also,  it  has  been  generally  believed  in  recent  years  that  the  sexes  are 
usually  separated;  spermatozoa  having  been  found  in  the  generative 
glands  of  some  individuals,  and  ova  in  those  of  others.  Hermaphrodism 
had  been  recognized,  however,  in  Pecten,  Gyclas,  and  Glavagella,  each 
of  these  genera  possessing  distinct  testes  and  ovaria ;  and  from  the  recent 

*  For  the  most  recent  information  on  the  Reproduction  of  the  Salpte,  the  following 
Treatises  and  Memoirs  should  be  especially  consulted : — '  Ohservations  sui-  le  Generation 
et  le  Developpement  des  Biphores,'  by  M.  Krohn,  in  "Ann.  des  Sci.  Nat.,"  3«  Ser.,  Zool., 
Tom.  VI.;  "Fauna  Littoralis  NorTegia3,"  by  M.  Sars,  1846;  Huxley  'On  Salpa  and 
Pyrosoma,'  in  "  Philos.  Transact.,"  1851 ;  and  Leuchart,  "Zoologische  Untersuchungen, 
Heft  2,  1854.— Mr.  Huxley's  view  of  the  relation  of  this  case  to  the  general  theory  of 
'  Alternation  "of  Generations,'  exactly  con-esponds  to  that  which  had  been  previously  put- 
forth  by  the  Author.  ,,T)  -x-  1 

t  '  On  the  Anatomy  of  the  Terebratula,'  in  Mr.  Davidson's  Monograph  on  the  Bntif^h 
Fossil  Brachiopoda"  (publislied  by  the  Paloeontographical  Society),  Vol.  I.,  Introduction, 
p.  21. 
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researches  of  Dr.  Davaine*  upon  the  Oyster,  it  appears  not  improbable 
that  this  attribute  may  be  more  generally  diflPused  through  the  group 
than  has  been  supposed,  although  there  is  no  ostensible  co-existence  of 
two  sets  of  sexual  organs.  The  generative  gland  of  this  genus,  at  the 
period  of  reproduction,  is  very  large,  surrounding  the  mass  formed  by 
the  digestive  apparatus,  and  extending  towards  the  hinge ;  at  other  times, 
however,  this  organ  so  completely  disappears,  that  scarcely  any  traces  of 
it  can  be  detected.  This  body  is  sometimes  foimd  to  contain  masses  of 
sperm-cells  and  spermatozoa,  whilst  in  other  instances  it  is  turgid  with 
ova;  and  hence  the  conclusion  that  these  animals  are  bi-sexual,  appeared 
a  natural  one.  Dr.  Davaine  has  met  with  many  instances,  however,  in  which 
this  body  contained  both  spermatozoa  and  ova,  these  individuals  being 
consequently  hermajihrodite ;  and  he  appears  to  have  satisfactorily  proved 
that  this  hermaphrodism  is  not  an  accidental  or  abnoi-mal  occurrence,  but 
that  it  presents  itself  as  part  of  the  regular  history  of  the  genus.  For  it 
appears  that  the  spermatozoa  are  fully  evolved,  before  any  trace  of  ovules 
can  be  seen,  so  that  individiials  examined  in  this  stage  would  be  accounted 
males;  on  the  other  hand,  by  the  time  that  the  ova  are  folly  evolved,  tlie 
spermatozoa  have  entirely  disajopeared,  so  that  individuals  examined  in 
this  stage  would  be  regarded  as  females ;  but  there  is  an  intermediate 
period,  at  which  tbe  ova  may  be  distinctly  recognized  as  such,  before  the 
spermatozoa  have  ceased  to  be  distinguishable,  being  that,  probably,  at 
wlucli  the  fecundation  of  the  ova  takes  place.  The  gland  seems  to  be 
made-up  of  distinct  vesicles,  some  evolving  sperm-cells,  and  others  germ- 
cells,  without  any  excretory  duct ;  little  groujos  or  islets  of  these  vesicles, 
in  which  the  sperm-cells  occujay  the  interior  and  the  ova  the  exterior, 
being  enclosed  in  a  network  of  areolar  tissue.  By  the  bursting  of  the 
former,  and  the  emission  of  their  spermatozoa,  the  ova  must  be  fertilized 
some  time  before  they  quit  the  ovarium.  They  appear  to  be  set-free 
from  this  by  the  rupture  of  its  envelopes,  and  to  fall  into  the  visceral 
cavity ;  from  which  they  find  their  way  (in  what  manner  is  not  known) 
to  the  general  cavity '  of  the  shell,  wherein  they  are  retained  until 
the  embryoes  have  nearly  acquired  the  organization  of  their  parents. — 
In  many  Conchifera,  a  distinct  layer  of  albumen  is  found  between  the 
yolk-membrane  and  the  general  envelope ;  and  this  is  sometimes  so  con- 
siderable in  amount,  that  the  yolk-bag  forms  but  a  small  proportion  of 
the  whole  ovum. 

562.  The  history  of  Embryonic  Development  has  been  less  studied  in 
this  class  than  in  most  others ;  and  the  observations  whicli  have  been 
made  upon  it,  are  far  from  possessing  the  completeness  now  required  by 
science,  t  According  to  the  observations  of  De  Quatrefages  upon  Teredo, 
the  first  seg-mentation  of  the  vitellus  takes  place  in  tbe  usual  manner; 
but  thenceforward  the  binary  subdivision  of  the  two  halves  goes-on  at  a 
very  unequal  rate.  The  rapid  multiplication  of  segments  in  one  half, 
causes  these  to  wrap-round  or  enfold  the  other  half,  even  before 
the  latter  has  undergone  any  further  segmentation;  and  by  a  continu- 

*  See  hi.s  'Reclierches  sur  la  Generation  de.s  Huitres,'  in  tlie  "  Memoires  lus  h  U 
Societc  de  Biologie,"  1852. 

t  See  Carus  aud  De  Quatrefages  on  A  nodon,  in  ' '  Nova  Acta  Nat.  Cur., "  Tom  XVI  ind 
"Ann.  des  Sci.  Nat  "  2=  Sor.,  Zool.,  Tom.  IV.,  V.  ;  De  Quatrefages  on  Teredo,  "Ann 
des  Sci.  Nat.,"  .3<^  Ser.,  Zool.,  Tom,  XIX.  ;  and  Davaine  on  Oysier  (loc  cit  ) 
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ance  of  the  same  process,  a  periplieral  layer  of  cells  is  formed  (remind- 
ing iis  of  the  otiter  layer  of  the  blastodermic  membrane  in  Vertebrata), 
which  is  destined  to  be  converted  into  the  mantle  and  its  branchial 
extensions  (as  well  as,  probably,  into  the  shell  *)  ;  whilst  the  cells  which 
originate  in  the  contained  segment,  are  subsequently  metamoi-phosed  into 
the  viscei'al  mass.  The  superficial  cells  speedily  become  covered  with  cilia  • 
and  the  embryo,  which  is  at  first  made  to  execute  a  rotatory  movement 
by  their  vibration,  is  soon  carried  freely  about  by  their  instrumentality. 
It  cannot  be  perceived  to  issue  from  the  envelope  of  the  ovum ;  but  this 
gradually  moulds  itself  upon  its  siuface,  and  thins-away,  so  that  the  cilia 
apparently  project  from  its  exterior.  A  cleft  shows  itself  after  a  time  in 
the  peripheral  layer,  which  gradually  deepens,  and  divides  it  into  the  two 
lobes  which  the  mantle  thenceforth  exhibits.  As  the  development  of  the 
permanent  organs  advances,  the  cilia  of  the  general  surface  disappear;  but 
a  peculiar  bilobed  organ,  bearing  long  cilia,  is  developed  from  the  region 
of  the  mouth ;  and  this  seems  not  only  to  serve  as  an  organ  of  locomotion, 
but  also  (according  to  Davaine)  as  the  means  of  bringing  food  to  the 
mouth,  like  the  rotatory  organs  of  Rotifera.  It  is  represented  by  the 
last-named  observer  as  having  at  first  the  form  of  a  hollow  cylinder,  but 
as  becoming  gradually  narrowed  at  its  base,  so  as  to  present  more  of  a 
funnel-shape;  the  constriction  progressively  increasing,  imtil  the  organ 
is  entirely  detached  from  the  body  of  the  embryo.  This  happens  when  the 
cilia  clothing  the  inner  surface  of  the  mantle,  and  also  covering  the 
branchiae,  first  come  into  activity;  and  it  is  then,  too,  that  the  action 
of  the  heart  and  the  circulation  of  the  blood  first  become  distinguishable. 
With  the  exception  of  the  ciliated  organ,  the  entire  embryonic  mass 
seems  to  undergo  a  gradual  transformation  into  the  permanent  fabric  of 
the  Mollusk.  In  the  embryo  of  Anodon,  there  is  found,  in  the  angle 
formed  by  the  jimction  of  the  two  lateral  halves,  a  short  hollow  cylinder, 
the  '  organ  of  the  byssus,'  from  which  proceeds  a  transparent  byssus  of 
extraordinary  length;  and  it  is  remarkable  that  this  organ  should  be 
developed  in  Lamellibranchiata  which  possess  no  byssus  in  the  adult 
condition.  The  foot  is  one  of  the  last  organs  to  be  evolved,  as  might 
be  expected,  when  it  is  borne  in  mind  that  it  is  an  organ  belonging  to 
only  a  part  of  the  group ;  thus  presenting  another  example  of  the  prin- 
ciple, that  the  more  special  condition  arises  out  of  the  more  general. 

563.  In  the  aquatic  orders  of  the  class  Gasteropoda,  we  still  find  the 
sexes  distinct.  Among  the  least  active  forms  of  this  group,  such  as  the 
Patella  and  Chiton,  it  is  probable  that  fertilization  is  efiected,  as  in  the 
Conchifera,  without  the  actual  congress  of  two  individuals ;  but  in  the 
higher,  the  spermatic  duct  of  the  male  terminates  in  a  projecting  organ, 
adapted  to  convey  its  fluid  within  the  oviduct  of  the  female.  In  the 
aquatic  Gasteropoda  possessing  spu-al  shells,  the  ovary  in  the  female  and 
the  testes  in  the  male  occupy  a  corresponding  position, —  the  higher 
part  of  the  cavity  of  the  shell.  In  the  Paludina  vivi2Jara,  the  ova  are 
delayed  in  a  dilatation  of  the  oviduct  near  its  extremity,  until  the  young 

*  It  is  affirmed  by  De  Quatrefages  {who  accords  on  this  point  witli  Serres),  tliat  the 
bivalve  shell  is  formed  by  the  calcification  of  the  '  ovarian  envelope,'  or  vitelline  membrane, 
of  the  ovum.  The  Author  cannot  but  believe,  however,  that  there  has  been  some  error  of 
observation  or  of  inference  upon  this  point ;  and  that  the  shell  is  formed  by  tlie  calcifica- 
tion of  the  outer  layer  of  the  cells  of  the  embryonic  mass. 
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are  so  completely  matured,  that  they  are  hatched  there,  so  as  to  pass  out 
alive;  but  in  most,  if  not  in  all,  other  cases,  they  are  deposited  by  the 
parent,  before  the  development  of  the  embryo  has  proceeded  fiir.  Fre- 
quently, however,  they  are  provided  with  an  additional  protective  cover- 
ing or  nidamentum,  which  is  formed  by  large  glands  situated  near  the 
termination  of  the  oviduct.  This  'nidamentum'  has  different  forms  in  the 
several  species  which  produce  it.     In  some  instances  it  is  a  sort,  of 
gelatinous  mass,  in  which  the  ova  are  imbedded  with  greater  or  less 
regularity ;  such  masses  are  attached  by  the  common  LymncBus  to  water- 
plants;  but  those  most  remarkable  for  size  and  regularity  are  deposited 
by  the  NudibrancMata.    Thus  Mr.  Darwin  speaks  of  one  produced  by  a 
Doiis  of  the  Falkland  Islands  about  3^  inches  long,  which  measured 
nearly  twenty  inches  in  length  by  half  an  inch  in  breadth ;  and  which, 
on  a  moderate  computation,  must  have  contained  GOO, 000  eggs,  a  number 
which  is  far  from  being  without  parallel  in  these  most  fei-tile  animals. 
But  in  general  the  nidamentum  is  composed  of  a  large  number  of  distinct 
sacs,  each  containing  a  few  eggs ;  and  these  are  connected  together  by  a 
sort  of  footstalk.    In  the  common  Buccinmn  imdcdum  (whelk),  these  sacs 
are  flattened  spheres,  and  are  united  together  in  the  manner  of  biinches 
of  fruit;  very  large  masses  of  them  are  often  to  be  picked-uj)  on  our 
shores.    In  the  Pyrula,  they  are  flattened  disc-like  cases,  united  into  a 
single  string  by  a  pedicle  connecting  the  centre  of  each  disc  with  that  of 
the  next. — The  puhnoniferous  Gasteropoda,  on  the  other  hand,  are  herma- 
plirodite,  each  individual  possessing  male  and  female  organs;  they  are  not 
usually  eajDable,  however,  of  self-impregnation,  the  congress  of  two  being 
necessary,  and  each  fertilising  the  ova  of  the  other ;  yet  it  has  been  lately 
obseiwed,  in  several  instances,  that  individuals  oiLymnceus  stagnalis,  reared 
solitarily  from  the  egg,  have  produced  fertile  ova.  The  eggs  of  these  species 
are  deposited  singly  in  the  earth,  and  are  hatched  by  the  warmth  of  the  sun; 
and  they  are  capable  of  being  dried-up  or  frozen  without  the  loss  of  their 
fertility. — The  Generative  apparatus  in  the  active  little  Pteropoda  nearly 
resembles  that  of  the  pulmonated  Gasteropods;  the  male  and  female  organs 
are  united  in  the  same  individual,  bu.t  the  congress  of  two  is  required. 
In  the  Clio,  which  alone  has  been  minutely  examined  in  this  respect,  the 
male  organs  are  of  very  large  size;  the  testis  occupying  a  great  part  of 
the  cavity  of  the  body,  and  the  penis  being  of  extraordinary  length. 

564.  The  history  of  the  Embryonic  development  of  Gasteropoda  presents 
a  series  of  facts  of  great  interest;  and  as  this  class  may  be  considered  as 
the  type  of  the  Molluscous  group,  we  may  probably  regard  the  course  of 
its  development  as  that  which  is  most  characteristic  of  the  sub-kingdom 
as  a  whole.  !N"umerous  and  valuable  observations  have  been  made  upon 
the  evolution  of  the  ova  of  various  members  of  the  class,  both  '  testaceous' 
and  '  naked ;'  and  it  niay  be  stated  as  their  uniform  result,  that  the  yoimg 
of  the  latter,  as  well  as  of  the  former,  are  provided  with  a  simple  spiral 
shell  at  their  exit  from  the  egg,  although  they  may  subsequently  cast  this 
off;  and  further,  that  the  young  of  the  aquatic  species  are  provided  with 
instniments  for  locomotion,  which  they  do  not  possess  in  their  adult  con- 
dition ;  the  obvious  purpose  being  here,  as  in  other  cases,  to  disperse  tliem 
over  a  wider  area  than  that  through  which  the  sluggish  movements  they 
perform  in  their  perfect  state  would  enable  them  to  extend. — The  ova  of 
Gastcroj)oda  generally  contain  a  considerable  amount  of  albumen,  sur- 
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rounding  tlie  vitelline  sac ;  and  this  is  subsequently  absorbed  into  the 
embryonic  mass,  in  propoi-tion  as  tbe  material  directly  supplied  by  the 
yolk  is  exhausted.  The  most  minute  account  yet  given  of  the  embryonic 
development  of  any  Gasteropod,  being  that  of  M.  "Vogt,  whose  observa- 
tions were  made  upon  Acteon  viridis,  one  of  the  Nudibranchiate  order,  it 
will  be  from  this  source  that  the  following  sketch  will  be  chiefly  derived. 
— The  early  changes  which  the  yolk  undergoes,  are  conformable  in  all 
essential  particulars  to  the  ordinary  type ;  save  that,  as  in  the  Conchi- 
fera,  the  process  of  segmentation  divides  it  into  unequal  instead  of  equal 
parts ;  and  that  in  this  mode,  a  distinction  is  very  early  manifested  be- 
tween a  peripheral  layer  of  small  cells,  and  the  included  mass  of  which 
the  cells  are  much  larger.  It  is  not  certain,  however,  that  this  pecidiarity 
is  common  to  Gasteropods  generally.  When  the  subdivided  yolk  has 
attained  the  condition  of  the  '  mulberry  mass,'  a  curious  alternating  revo- 
lution begins  to  takes  place  in  this  body,  within  the  egg;  two  or  three 
turns  being  made  in  one  direction,  and  the  same  number  in  a  reverse 
direction.  This  movement,  which  seems  due  to  ciliary  action,  may  be 
well  observed  in  the  ova  of  the  common  LymncEUs  stagncdis,  in  which  it 
continues  during  a  large  portion  of  the  period  that  elapses  before  the  escape 
of  the  embryo  from  the  ovum.  The  embryonic  mass  soon  begins  to  show 
a  bi-lateral  symmetry;  and  before  very  long,  a  subdivision  is  indicated 
into  the  anterior  or  cephalic  portion,  and  the  posteiior  or  visceral.  The 
parts  which  are  first  developed,  are  by  no  means  those  which  are  most  cha- 
racteristic of  the  adult ;  for  the  cephalic  portion  is  soon  extended  on  each 
side  into  a  lobe  bearing  a  superficial  resemblance  to  the  fin-like  expanse  of 

Fia.  248. 


Development  of  embryo  oFAeteon  viridis,  as  seen  in  the  lateral  aspect— A,  at  the  end  of  the 
fourth  da?;  B,  seventh  day;  c,  twenty-fll'th  day;  h,  rotatory  organs ;  i,  foot;  k  auditory  vesicle; 
f^ntS  portion  of  the  embryo;  m  m',  sheU;  p,  liver;  r.  stomach;  mtestme;  «,  snspensor 
muscle;  y,  black  pigment  of  the  hood  of  the  mantle. 

the  Pteropoda  (Fig.  46),  which  is  fiu'nished  with  long  cilia  (Fig.  248,  A)  ; 
it  is  also  obserA^ed  to  contain  the  auditory  vesicle,  or  rather  its  'otolithe  (k), 
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whicli,  although  so  early  developed,  remains  in  the  same  rudimentary 
state  during  the  whole  of  life ;  and  it  is  from  this  part,  also,  that  the 
prominence  (i)  is  put  foi-th,  which  is  afterwards  to  he  evolved  into  the 
foot  or  muscular  disk  of  the  animal.    The  formation  of  these  parts  has 
made  considerable  progress  by  the  end  of  the  fourth  day  after  the  deposit 
of  the  fertilized  ovum,  when  the  ventral  portion  of  the  embryo  merely 
consists  of  a  mass  of  cells,  in  which  not  even  the  outline  of  its  future  or- 
gans can  be  seen,  though  a  breaking-up  of  the  mass  into  groups  of  cells 
begins  to  show  itself    On  the  next  day,  the  shell  first  makes  its  appear- 
ance, as  a  very  thin  layer  over  the  lower  part  of  the  ventral  mass ;  and 
this  extends  itself  on  subsequent  days,  until,  by  the  eighth,  it  becomes 
large  enough  to  enclose  the  embryo  completely,  when  the  latter  contracts 
itself  (b,  m  m').    During  this  period,  the  formation  of  the  internal  organs 
is  rapidly  taking  place ;  for  at  its  termination,  the  stomach,  r,  and  intes- 
tine, s,  are  clearly  distinguishable,  as  is  also  the  suspensor  muscle,  u ;  but 
the  liver,  which  is  so  important  and  chai-acteristic  an  organ  in  this  group, 
exists  only  as  a  mass  of  untransformed  cells  [p).    The  movements  of  the 
embryo  now  change  their  character;  it  jirojects  itself  from  the  shell,  ex- 
pands its  ciliated  lobes  (Fig.  48),  sets  the  cilia  in  vibration,  and  after  a  while 
cU'aws  itself  into  its  shell  again,  very  much  after  the  manner  of  a  Rotifer 
or  a  Biyozoon;  and  when  it  is  completely  retracted,  the  foot  closes  the 
orifice  of  the  shell,  like  an  operculum.    It  is  curious  to  trace  the  regular 
rhythmical  movement  of  rotation  gradually  giving  place  to  these  less 
constant  and  apparently  more  spontaneous  actions.    At  the  period  when 
the  embryo  is  ready  for  emersion,  its  movements  have  become  as  active 
as  the  narrowness  of  its  prison  permits ;  and  when  it  is  set-free  by  the 
rapture  of  its  envelope,  it  swims-forth  by  the  action  of  its  ciliated  lobes, 
these  also  serving  to  bring  food  into  its  mouth,  which  does  not  possess 
at  this  period  any  trace  of  the  reducing  apparatus  subsequently  to  be  de- 
veloped.   Its  condition  at  that  time  is  seen  at  c;  the  principal  change 
from  the  state  shown  in  the  preceding  figure,  being  in  the  condition  of 
the  liver,  which  is  now  in  progress  of  transformation  into  the  perfect  type. 
The  '  mantle,'  also,  is  now  very  distinct  from  the  subjacent  parts. 

565.  The  subsequent  history  of  the  process  has  not  been  fuUy  traced 
out ;  but  it  is  doubtless  in  this  earlier  portion,  that  its  chief  peculiarity 
consists.  The  transformation  of  the  entire  yolk  into  the  substance  of  the 
embryo,  and  the  origination  of  all  the  organs  of  the  latter  in  the  cells  that 
are  formed  by  the  subdivision  of  the  former,  is  doubtless  a  very  important 

feature  in  the  process.    The  order  in  which  the  organs  are  evolved,  the 

ciKated  lobes  and  foot,  the  otolithes  and  auditory  vesicles,  the  shell  the 
mantle  and  operculum,  the  liver  and  intestine, — is  also  extremely  remark- 
able. But  the  most  curious  fact  of  all,  and  the  one  which  is  most  sio-ni- 
ficant  of  the  predominance  of  the  organs  of  vegetative  over  those  of  anmml 
life,  in  this  group,  is  the  entire  absence  of  all  trace  either  of  Nervous  or 
Circulating  systems,  at  a  time  when  the  general  structure  of  the  embryo, 
and  especially  the  visceral  apparatus,  has  made  such  great  progress,  as  to 
enable  it  to  lead  an  active  life,  and  to  digest  and  assimilate  its  own  food 
immediately  on  its  emersion  from  the  egg.  Further  it  maybe  observed 
in  the  course  of  this  development,  that  the  progress  from  the  general  to 
the  special  is  on  the  whole  extremely  well  marked;  the  difi'erence  being 
first  manifested  between  the  containing  and  the  contained  pai-ts,  then 
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between  tlie  cephalic  and  visceral,  and  then  between  the  several  giwps  of 
cells  into  which  the  component  mass  of  the  latter  breaks-up,  each  taHng- 
on  its  own  distinct  method  of  evolution. 

566.  A  very  curious  phenomenon  has  been  noticed  by  several  observers, 
which  seems  like  an  imperfect  gemmiparous  production  in  the  early 
embryo.  It  is  not  unfrequently  seen  that  some  of  the  cells  of  the  vitel- 
line mass  detach  themselves  from  the  principal  cluster,  become  clothed 
with  long  cilia,  and  continue  to  move-about  actively  within  the  egg, 
until  the  escape  of  the  embryo.  It  is  even  affirmed  by  Nordnann,  that 
they  increase  by  partial  subdivision,  and  that  thus  from  a  single  detached 
cell  may  be  produced  a  cluster,  having  a  very  definite  form,  and  furnished 
with  long  cilia,  so  as  very  strongly  to  resemble  a  parasitic  animal.  It 
has  not  been  shewn,  however,  that  these  bodies  ever  advance  to  a  higher 
condition,  or  are  capable  of  generating  their  kind;  and  the  correct  view 
is  probably  to  regard  them  (with  Yogt)  simply  as  portions  of  the  embiy- 
onic  mass,  exactly  resembling  those  that  form  the  ciliated  lobes,  which, 
being  detached  from  the  rest,  preserve  their  vitality  for  an  unusually 
long  time;  such  vitality,  however,  not  being  difierent  in  kind  from 

that  of  an  ordinary  ciliated  epithelium-cell,  though  greater  in  degree.  

It  is  affirmed  by  Agassiz,  however,  that  the  vitelline  mass  sometimes 
divides  itself  spontaneously  into  two  portions,  and  that  each  of  these 
may  become  a  perfect  animal ;  which  statement,  if  correct,  adds  confir- 
mation to  the  doctrine  already  put-forth  (§  480)  respecting  the  origin 
of  double  monsters.  On  the  other  hand,  in  certain  Pectinibranchiata 
(if  there  be  no  fallacy  in  the  recent  observations  of  MM.  Keren  and 
Danielssen),  several  vitelline  masses — even  to  the  number  of  a  Jiundred 
or  more — developed  from  distinct  ova,  coalesce  to  form  a  single  embiyo; 
a  phenomenon  which,  so  far  as  is  at  present  known,  has  no  parallel, 
either  in  the  Animal  or  in  the  Yegetable  kingdom.* 

567.  All  the  species  of  the  class  Ceiphalopoda,  so  far  as  is  at  present 
known,  are  dioecious,  the  male  and  female  organs  being  disposed  on  separate 
individuals.  There  is,  nevertheless,  a  remarkable  similarity  between  these 
organs,  both  in  their  general  aspect,  and  in  certain  peculiarities  which  they 
present.  The  testis  of  the  male  consists  of  a  capacious  membranous  sac, 
which,  when  opened,  is  found  to  contain  a  mass  of  short  branching  cteca, 
attached  to  a  small  portion  of  its  inner  surface  j  these  cseca,  however, 
have  not  any  "orifice  for  the  discharge  of  their  secretion,  which  appears  to 
escape  into  the  general  cavity  by  the  rupture  of  their  walls.  From  this 
cavity  rb  is  conveyed  by  a  duct,  which,  after  passing  through  other  acces- 
sory glandular  structures,  enters  a  wide  muscular  sac,  where  a  remark- 
able change  is  effected  in  the  condition  of  the  spermatozoa.  A  number 
of  them  are  clustered  together,  and  enclosed  in  peculiar  investments, 
which  are  known  under  the  name  of  spermatophora  or  tlie  moving  jUa- 
onents  of  Needham,  and  which  are  obviously  analogous  to  the  nidamental 
investments  of  the  ova  in  the  female.    These  are  from  half  to  two- 


*  On  tlie  Embryology  of  the  Grasteropoda,  see  especially  the  admirable  Memoir  of  M. 
Vogt,  in  the  "Ann.  des  Sci.  Nat.,"  3°  Ser.,  Zool.,  Tom  VI.,  and  the  varioiis  preceding 
Memoirs  there  refciTcd-to;  the  Memoir  of  M.  Nordnann  on  re?v//yjes,  Op.  cit.,  Tom.  V.  ;  the 
Lectures  of  Prof.  Agassiz  on  "  Comparative  Embryology ;"  and  the  Memou-s  of  MM.  Koren 
and  Danielssen,  on  the  development  of  Bucci.mmi  undafum  and  Purpura  lapillus  in 
"  Ann.  des  Sci.  Nat.,"  3"  Ser.,  Zool.,  Tom.  XVIII. ,  XIX. 
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tHrds  of  an  iuch  in  length;  and  each  consists  of  an  external,  transparent, 
and  cylindrical  case,  in  which  is  contained  the  proper  sperm-sac.  A 
little  more  than  the  anterior  third  of  this  is  spirally  disposed,  and  to 
this  part  Needham  applied  the  term  screw  ;  next  follows  a  short  poi-tion, 
which  he  calls  the  sucker;  then  a  still  smaller  and  cup-shaped  part;_  and 
lastly  an  oblong  and  spongy  bag,  in  which  are  contained  the  minute 
spermatozoa.     When  moistened  with  water,  these  bodies  commence  a 
series  of  alternate  contractions  and  relaxations,  by  which  the  filament 
within  is  moved  forwards,  and  the  screw  with  its  compressed  spire  is 
thrust  forcibly  against  the  anterior  part  of  the  capsule.    This  capsule  in 
a  short  time  becomes  ruptured;  by  degrees  the  cup  and  sucker  advance; 
and,  as  soon  as  they  have  escaped  from  the  end  of  the  cylinder,  the 
spongy  tail  is  forcibly  driven  out,  and  generally  with  so  much  violence 
as  to  break  it  into  several  pieces,  thus  giving  exit  to  its  contained  sper- 
matozoa.   These  movements  are  certainly  not  caused  by  the  exercise  of 
any  distinctly-animal  powers  residing  in  the  spermatophora ;  but  they  are 
partly  dependent  upon  the  peculiar  proj)erties  possessed  by  the  membranes 
and  filaments  in  relation  to  water,  for  they  are  exhibited  long  after 
the  death  of  the  Cephalopod,  if  the  filaments  be  taken  out  of  the  sac 
and  placed  in  that  fluid.    Their  function  is  thus  evidently  to  diffVise  the 
spermatozoa  through  the  siu-rounding  medium,  in  such  a  manner  that 
they  may  find  their  way  into  the  midst  of  the  large  clusters  of  ova 
deposited  by  the  female;  these  are  probably  fertilized  after  their  extru- 
sion from  her  body  (as  in  Fishes  and  Batrachia),  since,  in  most  species  at 
least,  the  intromittent  organ  does  not  seem  long  enough  to  convey  the 
fecundating  fluid  Avithin  it.    As  to  the  degree  of  actual  congress  between 
the  sexes,  there  are  vaiious  accounts,  probably  relating  to  different 
species. — The  ovarium  of  the  female,  like  the  testis  of  the  male,  consists 
of  a  large  sac  with  thickened  walls ;  and,  if  this  be  opened  at  a  time 
when  the  ovules  are  in  an  advanced  stage  of  development,  it  will  be 
found  to  contain  a  cluster  of  little  egg-shaped  bodies,  attached  to  a  small 
part  of  the  inner  wall  of  the  sac,  by  short  pedicles  which  jjrincijjally 
consist  of  blood-vessels.    These  bodies  consist  of  a  portion  of  the  sub- 
stance of  the  sac,  with  its  lining  membrane,  raised-up  by  the  develoj)- 
ment  of  the  ovisacs ;  and  each  of  them  contains  an  ovule,  which,  when 
ready  for  extrusion,  escapes,  by  the  gradual  thinning  and  final  rupture  of 
its  envelope,  into  the  general  cavity.    The  mptured  membrane  remains 
in  the  form  of  a  cup ;  and  we  thus  witness  in  this  class  the  first  appear- 
ance of  the  calyx,  which  is  developed  from  the  external  surface  of 
the  ovarium  in  the  oviparous  Yertebrata  (§  597).     From  the  cavity 
of  the  ovarium  proceeds  the  oviduct,  which  conveys  the  ova  into  a  glan- 
dular body,  where  they  receive  a  nidamental  investment,  the  nature  and 
form  of  which  difier  in  the  various  species.    It  may  be  specially  men- 
tioned, however,  that  the  shell  of  the  Argonaut  (Paper  jSTautHus)  is  very 
probably  to  be  regarded  in  the  light  of  a  nidamental  receptacle  for  the 
ova;  as  it  is  peculiar  to  the  female  of  that  animal,  and  the  eggs  are 
attached  to  its  involuted  portion  by  long  fllamentary  stalks.    The  vitel- 
line sac  is  not  surrovmded  (as  in  Gasteropoda)  by  a  layer  of  fluid  albumen 
but  is  immediately  invested  by  the  chorion  or  general  envelope. 

568.  The  generative  process  is  performed,  on  the  pai-t  of  the  male 
Argonaut,  as  well  as  on  that  of  some  other  Octopods,  in  a  most  remarkable 
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and  apparently-exceptional  manner.  One  of  the  arms,  instead  of  being 
developed  like  the  rest,  at  first  lies  coiled-up  within  a  sac,  which  is 
attached  to  the  body  by  a  peduncle  in  the  position  which  the  arm  would 
occupy ;  its  movements  may  bo  readily  distinguished  on  the  exterior ; 
and  at  last  these  become  so  violent  that  the  sac  ruptures,  and  the  arm 
extends  itself,  beaiing  the  remains  of  the  sac  (now  everted)  as  a  sort  of 
fringe  (Fig.  249).    This  arm  differs  externally  from  the  rest,  not  merely 


Fig.  249. 


Male  Argonaut,  showing  the  Hectocoti/lus-aTm  after  its  escape  from  the  investing  sae ;  at  *  is 
seen  the  extremity  of  the  double  fringe  formed  by  the  everted  membrane  of  the  sac. 


in  the  greater  length  and  diameter  of  its  sucker-bearing  portion,  but  also 
in  being  furnished  with  a  peculiar  whip-like  prolongation,  which  bears 
no  suckers ;  internally  its  structure  is  essentially  the  same  with  that  of 
the  other  arms,  possessing  the  same  arrangement  of  muscles  and  nerves 
in  connection  with  the  suckers,  but  being  also  furnished  with  a  seminal 
duct,  which  is  prolonged  from  the  testis  contained  within  the  body  of 
the  animal,  to  nearly  the  extremity  of  the  whip-like  appendage,  and  is 
dilated  in  one  part  of  its  course  into  a  sac.  At  a  cei-tain  epoch  of  deve- 
lopment, this  arm  is  cast-off,  and  becomes  an  independent  zooid,  mo^dng 
through  the  water  by  its  own  muscular  contractions,  somewhat  after  the 
manner  of  a  worm ;  and  the  seminal  sac  and  ducts  are  then  found  to  be 
filled  with  a  substance  resembling  a  bundle  of  threads,  which,  when 
examined  microscopically,  is  found  to  be  composed  of  an  aggregation  of 
spermatozoa.  In  this  condition  the  detached  arm  was  long  since  observed 
by  Delia  Chaje,  and  Avas  supposed  by  him  to  be  a  parasitic  worm ;  and  it 
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was  subsequently  described  by  Cuvier,  who  also  considered  it  as  a  complete 
animal  imder  tlie  name  of  Hectocolylus.  Having  been  brought  by  its 
movements  into  contact  with  a  female  of  its  own  species,  the  Hectocotylus- 
arm  forthwith  eflfects  the  impregnation  of  its  ova,  insinuating  its  filiform 
prolongation,  in  the  manner  of  a  penis,  into  the  oviduct.  How  long  the 
Hectocotylus-arm  may  continue  to  live  after  its  detachment,  is  not  yet 
known;  but  since  it  has  no  organs  of  digestion,  and  is  therefore  destitute 
of  the  power  of  assimilating  food  for  itself,  and  since  it  contains  no  testis, 
and  must  therefore  be  incapable  of  secreting  a  fresh  supply  of  semen  m 
place  of  that  which  has  been  discharged,  it  seems  probable  that  its  inde- 
pendent existence  is  not  prolonged  after  its  generative  function  has  been 
once  performed.  In  fact,  we  may  regard  this  strange  modification  and 
detachment  of  the  Hectocotylus-arm,  as  answering  the  purpose  of  the 
spermatophore  of  other  Cephalopods;  for  although  the  whole  seminal 
product  contained  in  the  body  of  the  Hectocotylus  is  enclosed  in  one 
enormous  spermatophore,  this  does  not  seem  to  possess  any  self-moving 
power;  and  it  is  not  by  its  means,  therefore,  but  by  the  movements  of  the 
Hectocotylus  which  encloses  it,  that  the  spermatozoa  are  brought  into 
the  necessary  proximity  with  the  ova  to  be  fertilized.  Whether  the  male 
Octopus  reproduces  the  Hectocotylus-arm  after  its  detachment,  has  not 
yet  been  determined ;  the  probability,  however,  seems  strongly  in  favour 
of  its  doing  so.* 

569.  The  history  of  the  Embryonic  development  of  the  Cephalopoda, 
which  has  been  very  carefully  stvidied  by  Prof  Kolliker,+  differs  in  many 
important  particulars  from  that  of  the  lower  Mollusca ;  and  these  are,  for 
the  most  part,  characters  of  approximation  to  the  Yertebrata.  For,  in 
the  first  place,  the  jjrocess  of  segmentation  does  not  take-place  in  the 
whole  yolk,  but  only  in  the  portion  of  it  nearest  to  the  embiyonic  vesicle; 
and  from  this  arises  a  cluster  of  cells,  which  lies  upon  the  surface  of  the 
yolk,  and  sends-out  an  extension  all  around.  This  extension,  the  repre- 
sentative of  the  '  germinal  membrane'  of  the  Fowl's  egg,  constitutes  the 
yolk-sac ;  whilst  from  the  original  cluster,  or  at  least  from  the  cells  of  its 
outer  layer,  are  produced  the  several  organs  of  the  embryo.  Thus,  when 
the  process  of  development  commences,  the  first  structures  are  seen  rising- 
ofi"  (so  to  speak)  one  end  of  the  yolk-sac ;  but  as  they  gradually  draw  to 
themselves  and  appropriate  the  substance  of  the  yolk,  the  embiyonic  mass 
increases,  and  the  yolk-sac  diminishes ;  until  at  last,  at  the  time  of  the 
emersion  of  the  embryo  from  the  egg,  the  contents  of  the  yolk-sac  being 
nearly  exhausted,  it  presents  itself  as  a  mere  appendage  to  the  embryo. — 
The  mode  and  order  of  appearance  of  the  principal  organs,  are  very 

*  It  was  by  Prof.  Kolliker,  that  the  Ceplialopod  nature  and  sexual  function  of  tlie  Hecto- 
cotylus were  first  asserted ;  he  feU  into  the  mistake,  however,  of  supposing  it  to  be  an 
entire  animal  (being  partly  led  to  this  idea  by  some  erroneous  statements  as  to  its  develop- 
ment, furnished  to  him  by  Mad.  Power) ;  and  his  account  of  its  anatomy  was  given  under 
the  erroneous  influence  of  this  preconception  (see  "Annals  of  Nat.  Hist."  Vol.  XVI., 
1845,  "  Linna;an  Transactions,"  Vol.  XX.,  and  "  Bericht  von  der  Koniglichen  Zooto- 
mischen  Anstalt  zii  Wurzburg,"  1849.)  The  first  idea  of  the  truth  was  promulgated  by 
Verany  in  his  "Mollusques  Mediterraneens,"  1"  partie,  p.  128;  and  the  completion  of 
the  proof  has  been  afforded  by  his  own  researches  in  conjunction  with  those  of  M.  Vogt 
("  Ann.  des  Sci.  Nat.,"  3°  Ser.,  Zool.,  Tom  XVII.),  and  by  those  of  Prof.  H.  Muller  ("Sie- 
bold  and  Kiilliker's  Zeitschrift,"  June  1852).  The  two  last-named  memoirs  are  translated 
in  "Taylor's  Scientific  Memoii-s,"  Natural  History,  1853. 

+  "  Entwickelungsgeschichte  der  Cephalopoden ;"  Zurich,  1844. 
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dimveut  from  what  we  might  expect.  The  first  pait  of  the  germ-mass 
that  becomes  clistmct,  is  a  slight  central  elevation,  which  is  afterwards  to 
uecome  tJie  visceral  portion,  covered  with  its  mantle  (Fig.  250,  a,  b,  c,  a); 


Fig,  250. 


Successive  stages  of  Development  of  Sepia:— x,  v,  c,  first  appearance  of  permanent  parts  at 
the  extremity  of  the  yolk-sac,  as  seen  end-ways,  side-ways,  and  from  above;  a,  mantle;  i,  fun- 
nel completely  divided  in  half;  e,  inner,  and  d,  outer  cephalic  lobes;  e,  branchias ;  arms; 
</,  mouth  : — D,  more  advanced  embryo,  beginning  to  rise  from  the  surface  of  the  yolk-sac : — 
E,  embiyo  beginning  to  j)resent  the  rorm  of  the  perfect  animal. 

around  and  beneath  this,  on  either  side,  is  an  elevation  (&)  that  subse- 
quently forms  half  of  the  funnel,  the  two  halves  being  at  first  widely 
sejDarated  from  each  other ;  and  around  this,  again,  is  a  bilobed  expansion 
(c,  d)  which  forms  the  cephalic  portion,  each  lobe  bearing  one  of  the  eyes, 
and  sending-off  from  its  under  side  (that  nearest  the  yolk)  as  many  pro- 
jections (/)  as  the  species  is  to  possess  ai'ms.  The  position  of  the  mouth 
(g)  is  indicated  at  the  junction  of  these  two  lobes.  Gradually  the  visceral 
portion  becomes  more  elevated  from  the  surface  of  the  yolk-sac  (d),  by 
the  augmentation  of  its  own  substance ;  and  in  so  doing,  the  two  halves 
of  the  funnel  approximate  each  other  until  they  join.  The  mantle  be- 
comes very  distinct  from  the  included  parts,  and  is  extended  posteriorly- 
into  a  fin-like  organ  on  either  side.  The  cephalic  lobes  are  still  (like 
those  of  Gasteropoda)  very  large  in  proportion  to  the  rest  of  the  body ; 
and  the  eyes  which  they  bear  are  very  early  developed  in  these  animals, 
as  if  for  the  purpose  of  guiding  their  active  movements  on  their  emei-sion 
from  the  egg  (e).  The  arms  increase  in  length,  extending  themselves 
over  the  yolk-sac,  which  they  seem  (as  it  were)  to  embrace ;  and  thus  the 
peduncle  by  which  it  is  connected  with  the  embryo,  comes  to  be  nearly 
in  their  centre.  The  development  of  the  various  organs  in  the  visceral 
mass  takes-place  in  an  order  much  nearer  to  that  of  Vertebrata  than  to 
that  of  Gasteropoda ;  for  the  evolution  of  the  circulating  and  permanent 
respiratory  apparatus  goes-on  ^xtri  i^ftss'Zt  with  that  of  the  digestive  ; 
and  that  of  the  nervous  system  is  not  far  behind.    At  the  time  of  the 
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Fig.  251. 


escape  of  the  common  Sepia  from  the  egg,  the  first  layers  of  its  shell  are 
found  between  the  folds  of  the  mantle  in  the  dorsal  region;  the  ink-bag 
is  char^^ed  Mdth  its  characteristic  secretion:  nearly  all  the  organs 
characteristic  of  the  adult  are  disting-uishable,  though  not  as  yet  in  their 
relative  proportions  ;  and  the  young  animal  is  capable  of  swimming 
actively  through  the  water,  both  by  means  of  its  lateral  fins,  and  by  its 
cephalic  arms,  which  are  furnished  with  a  connecting  web  that  remains 
permanent  in  some  species.  The  yolk-bag  is  not  yet  completely  emptied, 
and  it  is  found  in  the  midst  of  the  circle  of  arms,  communicating  with 
the  stomach  by  a  duct  that  passes-down  parallel  to  the  oesophagus ;  it  is 
gi-adually  emptied  and  di-awn-in,  however,  and  its  original  connection  is 
only  indicated  by  a  ctecal  protrusion  from  the  anterior  part  of  the  '  crop.' 
 This  is  the  first  example  we  have  yet  encountered,  in  which  the  em- 
bryonic development  is  so  far  com]3leted  within  the 
egg,  that  the  young  animal  comes-forth  in  the 
general  condition  of  its  parent;  and  it  seems  ob- 
viously connected  with  the  fact,  that  the  yolk  is 
here  formed  in  much  larger  proportional  amount ; 
so  that  it  serves,  not  merely  to  supply  the  materials 
for  the  production  of  the  first  embryonic  mass,  but 
also  for  its  continued  growth,  and  for  its  evolution 
into  the  several  organs  characteristic  of  the  adult 
form. 

570.  We  now  return  to  a  much  simpler  order 
of  phenomena,  that  is  presented  to  us  in  the  inferior 
l^art  of  the  Ai'ticulated  series ;  in  which  we  find  an 
almost  complete  reversion  to  the  Zoophytic  type, 
as  regards  the  repetition  of  similar  parts  in  the 
segments  of  the  hody,  the  formation  of  these  by 
successive  gemmation,  and  their  power  of  indepen- 
dent existence.  This  is  especially  seen  in  the  lowest 
Entozoa,  the  simplest  of  whose  forms  (such  as  the 
Oreyarina,  §  530)  carry  us  back  to  the  type  of  the 
Protozoa;  in  which  multiplication  takes-place  by 
mere  cell-division,  every  product  of  such  division 
repeating  the  original  form,  and  being  able  to  live 
detached  from  the  rest;  whilst  the  proper  Genera- 
tive act  is  one  of  simple  conjvigation. — In  the  Cestoid 
Entozoa,  however,  notwithstanding  the  very  imper- 
fect development  of  their  nutritive  system  (§  138), 
the  Generative  apparatus  presents  a  most  remark- 
able evolution.  Their  so-called  '  body '  is,  indeed, 
nothing  else  than  a  longitudinal  repetition  of  gene- 
rative segments,  each  of  which  contains  both  sots 
of  sexual  organs,  and  appears  to  be  self- fertiliz- 
ing. The  testis  or  spermatic  organ,  in  the  Taenia 
(Fig.  251,  B,  g\  is  of  comparatively  small  size,  and 
occupies  the  centre  of  the  segment;  its  product  is 
conveyed  by  the  convoluted  spermatic  duct  (/) 
towards  the  genital  pore  («!),  which  is  seen  in  the  middle  of  one  of  the 
margins,  usually  alternating  from  one  side  to  the  other  in  successive  seg- 


A,  head  of  Tmnia  solium, 
with  its  circle  of  hooldets  and 
two  of  its  suckers;  u,  gene- 
rative segment,  sho\ving  a, 
longitudinal  canals  of  water- 
vascular  system ;  e,  uterus; 
d,  genital  orifice;  e,  vagina; 
/,  spermatic  canal ;  g,  testis. 


586 


OP  GKNERATION  AND  DEVELOPMENT. 


ments.  In  the  same  spot  we  find  the  termination  of  what  is  commonly 
accounted  the  oviduct,  but  wliich  really  seems  rather  to  be  compared  to  a 
vagina  (e);  this  leads  to  a  spermotheca,  or  dilated  receptacle  for  the 
seminal  fluid,  as  also  to  the  ovary.  This  last  organ,  in  other  Cestoidea 
(and  probably  also  in  the  Taenia),  is  composed  of  two  distinct  pai-ts,  open- 
ing by  separate  canals ;  one  of  these  furnishes  the  germinal  vesicles,  while 
the  other  supplies  the  substance  of  the  yolk.  The  ova,  after  being 
fertilized,  pass  by  a  wide  canal  into  the  large  ramifying  uterine  cavity 
(usually  designated  the  ovarium),  which  occupies  the  greater  pai-t  of  each 
segment  (c,  c)  ;  and  there  they  remain  until  mature.  It  is  not  yet  cer- 
tain whether  the  ova  pass-out  by  a  special  aperture,  or  whether  they  are 
set-free  by  the  bursting  of  the  segment,  which  previously  detaches  itself 
from  the  body,  like  the  seed-vessel  of  a  Plant. — These  generative  seg- 
ments are  successively  budded-off  from  the  anterior  segment  or  '  head,' 
and  also  multiply  in  the  first  instance  by  their  own  subdivision ;  as  the 
development  of  their  sexual  organs  proceeds,  however  (this  being  of  course 
most  advanced  in  the  segments  furthest  removed  from  the  head),  the  whole 
nisiis  of  each  segment  seems  concentrated  upon  it,  and  no  fui-ther  multi- 
plication by  subdivision  takes  place,  though  the  budding-off  of  new  seg- 
ments from  the  head  continues.  At  the  same  time,  the  terminal  seg- 
ments, as  their  ova  arrive  at  matvirity,  are  detached  in  their  turn ;  and 
thus  a  constant  siiccession  is  kept-up,  which  very  closely  resembles  the 
development  and  detachment  of  the  Medusa-buds  of  the  Hydraform 
Zoophytes  (§  543). 

571.  The  investigations  which  have  been  recently  made  by  Profrs. 
Siebold,  Yan  Beneden,  and  others,  into  the  Development  of  the  Cestoid 
Entozoa,  though  far  from  being  yet  complete,  have  evolved  several  facts 
of  extreme  interest.    It  may  now  be  considered  as  well  established,  that 
the  Cystic  Entozoa  (such  as  the  Cysticercus,  Echinococcus,  and  Coenm-us)  are 
nothing  else  than  Cestoidea  in  an  imperfectly-developed  state ;  their 
bodies  being  encysted  in  the  caudal  segment,  and  this  being  (as  it  were) 
dropsically  distended.    The  very  same  embryoes,  in  fact,  may  evolve 
themselves  into  the  Cystic  or  into  the  Cestoid  form,  according  to  the 
circumstances  under  which  they  are  placed ;  for  when  lodged  in  the 
parenchyma  of  organs,  such  as  the  brain  or  the  liver,  they  take  the 
Cystic  form ;  when  they  pass,  on  the  other  hand,  into  the  intestinal 
canal,  their  generative  segments  are  developed,  and  they  become  Cestoids. 
It  is  among  herbivorous  animals,  that  the  parenchymatous  oi'gans  are  most 
commonly  infested  with  Cystic  entozoa  ;  whilst  the  alimentary  canal  of 
carnivorous  animals,  into  which  the  flesh  containing  these  parasites  enters 
as  food,  affords  the  nidus  within  which  the  worm  acquii'es  its  complete 
development  as  a  Cestoid.  For  it  is  only  then  that  the  generative  apparatus 
is  evolved,  and  that  eggs  are  set  free,  which  find  their  way  into  the  bodies 
of  the  vegetable-feeders ;  although  in  the  Cystic  form  in  wliich  they 
there  develope  themselves,  a  multiplication  by  gemmation  may  occm-  to  a 
very  considerable  extent.    Some  parasites  of  this  order,  moreover,  deve- 
lope themselves  under  the  Cystic  form  in  MoUusks  and  cold-blooded 
Vertebrata;  and  only  evolve  their  generative  apparatus,  when  transferred 
from  the  bodies  of  these  into  the  intestinal  canal  of  warm-blooded  Yerte- 
brata.    These  results  have  been  obtained  by  a  laborious  investigation 
and  comparison  of  the  Entozoa  which  infest  the  animals  that  prey  one 


DEVELOPMENT  OF  CESTOID  ENTOZOA. 


587 


upon  another;  and  they  may  now  be  considered  as  well  established, 
thouo-h  in  the  history  of  some  of  the  Cestoid  Entozoa  (as  the  Toinia  which 
infests  Man)  much  still  remains  to  be  cleared-up.  From  the  recent  obser- 
vations of  Prof  Yan  Beneden,  it  appears  that  the  embryo  Tcenia,  at  the 
time  of  its  emersion  from  the  egg,  is  a  minute  ovoid  body  (scarcely  ex- 
ceeding the  red  corpuscle  of  the  Frog's  blood  in  size),  possessing  six 
hooks  ;  and  that  these  hooks,  first  uniting  together,  make  their  way  into 
the  tissue  on  which  the  embryo  may  lie,  and  then,  separating  and  curving 
backwards,  force  the  body  into  its  substance :  but  observers  are  not  yet 
agreed,  with  regard  to  the  mode  in  which  this  embryo  becomes  a 
Tcenia  or  a  Gysticercus.  The  development  of  the  Tetra/rhyncus,  however, 
has  been  more  fully  elucidated.  The  embryo,  which  is  at  first  an  ovoid 
sac,  provided  anteriorly  with  four  lobes,  but  having  no  trace  of  uncinated 
proboscides,  undergoes  a  sort  of  self-invagination ;  the  head  becoming 
retracted  within  the  dilatable  posterior  extremity,  which  invests  and 
incloses  it.  This  invagination  is  not  permanent  at  first,  though  it  soon 
becomes  so,  if  the  worm  have  worked  its  way  into  any  of  the  parenchy- 
matous organs  or  sub-serous  membranes  ;  and  in  addition,  the  animal 
secretes,  and  becomes  invested  by,  a  transparent  cyst.  It  is  while  the 
worm  is  in  this  condition,  that  its  proboscides  attain  their  full  develop- 
ment ;  and  after  a  time  the  hinder  end  of  the  included  head  spontaneously 
separates  from  the  wall  of  the  vesicular  portion,  so  that  the  former  lies 
fi'ee  and  independent  within  its  own  body,  the  latter  being  again  in- 
vested by  its  secreted  cyst.  There  is  no  evidence  to  show  that  the 
encysted  Tetrarhyncus  ever  undergoes  any  higher  development ;  but  if 
the  MoUusk  or  Fish  in  which  it  is  parasitic,  be  devoured  by  some  pre- 
daceous  Fish  or  Bird,  so  as  to  bring  the  Tetrarhyncus  into  its  normal 
habitat,  its  development  will  then  proceed;  for  the  cyst  being  dissolved  by 
the  digestive  process,  the  liberated  body  lengthens  posteriorly  so  as  to 
form  a  soi-t  of  tail,  which  soon  becomes  divided  into  well-marked  articu- 
lations, the  number  of  which  is  continually  increased  by  a  process  of 
gemmation  from  the  posterior  extremity  of  the  head,  as  already  described 
in  regard  to  the  Taenia.* 

572.  Although  the  Trematode  Entozoa  do  not  present,  like  the 
Cestoids,  a  succession  of  distinct  generative  segments,  yet  their  generative 
apparatus  occupies  a  very  large  part  of  the  body,  as  shown  in  Fig.  252. 
Both  kinds  of  sexual  organs  are  present  in  each  individual ;  and  it  is 
probable  that  they  are  self-fertilizing.  The  male  organs  in  Distoma 
hepaticum  (Iluke)  consist  of  a  set  of  extremely  long  and  convoluted 
seminiferous  tubules,  occupying  the  central  part  of  the  body ;  and  these 
discharge  part  of  their  secretion  by  two  trunks  into  a  common  canal, 
which  terminates  in  the  penis  or  intromittent  organ,  situated  just  behind 
the  anterior  sucker.  The  organs  which  are  commonly  termed  the 
ovaries,  and  which  form  in  the  Distoma  a  large  racemose  mass  that  occu- 
pies the  sides  and  posterior  pai-t  of  the  body,  serve  really  but  to  furnish 

r,  *  ^f®.?^!,'^^^  'U'^®'"  "1®^  G^eneration's-weclisel  der  Cestoden,'  in  Siebold  and  Kblliker's 
Zeitsclu-ift,  July,  1850,  translated  in  "Ann.  des  Sci.  Nat.,"  3«  Scr.,  Zool.,  Tom  XV 
and  ^Experiences  sur  la  Transformation  des  Cysticerques  en  Ttenias,'  in  "Ann  des  Sci' 
Nat.,  3°  Ser  Zool.,  Tom.  XVII.,  Van  Beneden  "Les  Vers  Cestoldes  ou  Acotyles," 
Bnuxelles,  1850  and  '  Nouvelles  Observations  sur  le  Developpement  des  Vers  Cestoides  ' 
in     Ann.  des  Sci.  Nat.,"  3°  Ser.,  Zool.,  Tom.  XX.  ' 
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the  vitellme  cells;  they  open  by  two  canals  anteriorly  into  the  uterus, 
which  also  receives  the  ducts  proceeding  from  a  pair  of  smaller  dendritic 

organs,  within  which  the  germinal  vesicles 
2^2-  are  evolved.    The  ova  are  therefore  formed 

within  the  uterus  by  the  union  of  these  two 
essential  components  ;  and  it  seems  probable 
that  they  are  there  fertilized,  when  no  con- 
gress of  two  individuals  takes  place,  by 
seminal  fluid  directly  conveyed  from  one  of 
the  testes  by  a  special  duct  terminating  in 
a  vesicula  seminalis.  The  uterus  has  a 
vaginal  outlet,  however,  which  opens  in 
close  apposition  to  the  penis  ;  so  that  there 
seems  to  be  a  provision  alike  for  the  mutual 
impregnation  of  two  individuals,  and  for  the 
self-fertilization  of  a  solitary  one.* — The  his- 
tory of  the  Development  of  the  Trematoda 
presents  a  number  of  very  curious  pheno- 
mena; the  process  of  'larval  gemmation' 
(analogous  in  some  degree  to  that  of  Echino- 
dermata)  being  repeated  two  or  three  times, 
before  the  characteristic  form  of  the  animal 
is  evolved.  In  no  instance  has  the  entire 
series  of  phases  through  which  any  one 
species  thus  passes,  been  consecutively 
watched;  but  the  following  will  serve  as  an 
example  of  what  is  believed  to  occur  in  cer- 
tain of  these  Entozoa.  The  ovum  of  the  Dis- 
toma  which  inhabits  the  Lymnceus  stagncdis, 
is  first  developed  into  a  little  worm-like 
body,  in  which  no  complete  organs  are 
evolved,  but  which  seems  to  consist  of  the 
cellular  'germinal  mass'  inclosed  in  a  con- 
tractile integument.  Its  component  cells 
are  in  their  turn  developed  into  indejDendent 
zooids,  which  escape  from  the  enveloping 
cyst,  and  from  the  animal  on  wliich  it  is 
parasitic,  in  the  condition  of  free  ciliated 
animalcule-like  bodies,  or  Cercarice;  in  this 
condition  they  may  remain  for  some  time,  and  then  they  imbed  them- 
selves in  the  mucus  which  covers  the  tail  of  the  Mollusk,  in  which  they 
undergo  a  gradual  development  into  true  Distomata ;  and  having  thus 
acquired  their  perfect  form,  they  penetrate  the  soft  integument,  and  take 
up  their  habitation  in  the  interior  of  the  body.  Thus  a  considerable 
number  of  Distomata  may  be  produced  from  a  single  ovum,  by  the 
separation  of  the  first  products  of  the  sub-division  of  the  embryo-cell. — A 
most  remarkable  phenomenon  has  recently  been  observed  in  a  Trematode 
Entozoon,  which  has  long  been  considered  as  a  Physiological  ciu'iosity; 
namely,  the  Di2ilozoon  j)aradoxum,  a  parasite  upon  the  gills  of  certain 
Fishes.  This  animal  has  been  until  lately  regarded  as  possessing  two 
*  This  indeed,  seems  to  hold  good  even  with  certain  Pulmonated  Gasteropods  (§  563). 


Generative  Apparatus  of  Distoma  he- 
paticmri  (Fluke)  : — in  the  central  por- 
tion are  seen  the  testes,  composed  of 
convoluted  tubuli;  in  front  of  this  are 
the  arborescent  glandular  bodies  that 
furnish  the  germinal  vesicles,  whilst  at 
the  sides  and  posterior  j)art  of  the  body 
are  the  racemose  masses  that  supply 
the  vitelline  cells ;  between  these,  ante- 
riorly, is  the  uterus  containing  ova 
arrived  at  maturity. 
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complete  bodies  imited  only  by  a  narrow  band;  each  body  having  its 
own  mouth  and  digestive  organs,  its  own  water-vascular  system,  and  its 
own  double  generative  apjoaratus;  but  the  stomach  and  vessels  of  the 
two  halves  communicating  freely  with  each  other  through  the  connecting 
bridge;  the  whole  thus  beai-ing  a  close  resemblance  to  those  'double 
monsters'  which  sometimes  present  themselves  among  higher  animals. 
The  constancy  of  the  recurrence  of  precisely  the  same  form,  however,  was 
quite  sufficient  to  indicate  its  normal  character ;  and  the  source  of  the 
duplicity  is  now  known  to  lie  in  the  'conjugation'  of  two  previously 
independent  individuals,  which  become  partially  'fused'  into  each  other. 
This  conjugation  a^jpears  to  have  reference  to  the  evolution  of  the  gene- 
rative apparatus ;  for  previously  to  its  occurrence,  the  Entozoon  (known 
in  its  single  form,  under  the  name  of  Diporpa)  is  destitute  of  sexual 


organs.* 


573.  The  Flanarice  (now  referred  to  the  group  of  Turbellaria)  present 
an  arrangement  of  the  generative  organs,  that  bears  a  strong  resemblance 
to  the  foregoing.  The  testes  (Fig.  101,  g,  g)  lie  one  on  each  side  of  the 
stomach,  and  pour  their  secretion  into  the  central  receptacle  or  vesicula 
seminalis  (h),  from  which  proceeds  an  efferent  canal  that  terminates  in  a 
penis  (i).  The  ovaries  would  seem  to  be  much  more  extensively  diffused ; 
in  fact,  ova  may  be  seen  in  nearly  all  the  spaces  not  occupied  by 
other  organs;  and  it  would  hence  seem  probable  that  the  ovary  sends 
ramifications,  commencing  in  the  dilated  oviducts  (k,  k),  into  almost  every 
part  of  the  body.  The  oviducts  unite  in  a  dilated  cavity  (I),  which  is 
perhaps  a  spermotheca;  and  from  this  there  is  an  outlet  by  a  short  wide 
canal  (m).  It  is  certain  that  a  sexual  congress  occiu-s  among  these 
animals,  and  that  they  may  mutually  impregnate  one  another ;  but  it  is 
probable  that  they  are  also  self-impregnating,  like  the  Cestoid  and 
Trematode  Entozoa. — The  development  of  the  ova  in  Flanarice  presents 
several  curious  features;  one  of  the  principal  being,  that  the  'germinal 
mass,'  like  that  of  Distoma,  separates  into  a  (variable)  number  of  segments, 
each  of  which  developes  itself  into  a  distinct  Zooid.t — The  Flanccrioi  are 
scarcely  less  remarkable  than  is  the  Hydi^a  itself,  for  their  capacity  for 
bemg  mtdtiplied  by  artificial  scission;  and  it  is  not  unlikely  that  they 
may  undergo  a  spontaneous  separation  of  tliis  kind,  more  especially  as 
such  fissiparous  multiplication  is  normally  exhibited  among  some  other 
members  of  the  same  gi'oup,  such  as  the  JVemertince.  Ko  production  of 
detajjhed  gemmse,  however,  is  known  to  occur  among  them. 

574.  In  the  Nematoid  Entozoa  (Ascaris,  Strongylus,  &c.),  on  the  other 
hand,  the  Generative  apparatus  is  arranged  upon  the  direcious  type  •  the 
male  and  female  organs  being  peculiar  to  distinct  individuals,  and  the 
ova  bemg  fertilized  by  sexual  congress.  The  male  genital  apparatus 
u.sually  consists  of  a  single  long  tube,  enlarged  at  its  lower  part  into  a 
vesicula  semmahs,  and  terminating  in  an  intromittent  organ  or  penis 
which  13  sometimes  of  considerable  length.    The  female  ovary,  on  the 

'  T'l'??  '"'''^f'  ^^^S^"  ^^^T  prolonged 

(iig.  52,  e,  e  e),  whilst  m  other  mstances  it  is  double  or  multiple  in 

either  case  however,  it  opens  into  a  wide  oviduct,  which  has  fi-equeAtlv 

a  uterine  dilatation  (/)  near  its  termination,  whence  proceeds  a^l^S 

*       l^''\^''ti\'^^. "  ^'"^"^^  """^  Kolliker's  Zeitschrift,"  March  1851 
t  See  Prof.  Siebold  in  "  Vergleichende  Anatomie,"  Baml  L  §  129 
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canal,  whose  external  orifice  {h)  is  usiaally  at  some  distance  from  the  anus, 
and  is  frequently  in  the  middle  or  even  (as  here)  in  the  anterior  poi-tion  of 
the  body.  The  male  is  almost  always  smaller  than  the  female,  sometimes 
very  much  soj  and  when,  in  the  sexual  congress,  his  anal  extremity 
attaches  itself  to  her  genital  orifice,  he  has  the  appearance  of  a  branch  or 
young  individual  sent-ofi"  by  gemmation,  and  attached  at  an  acute  angle 
to  the  body. — In  the  Syngamus  trachealis,  the  male  is  blended  with  the 
female  (probably  through  a  kind  of '  conjugation')  by  an  actual  continuity 
of  tissue,  immediately  in  front  of  her  genital  aperture,  near  the  antei-ior 
third  of  the  body. — Notwithstanding  the  simplicity  of  the  structure  of  the 
ovarium,  the  number  of  ova  produced  by  these  Worms  is  very  great ;  no 
fewer  than  64  millions  having  been  calculated  to  be  contained  at  once  in 
the  single  Ascaris  lumhricoides,  one  of  the  commonest  parasites  of  the 
Human  intestine.  In  some  of  this  order,  the  fertilized  ova  are  i*etained 
within  the  body  until  they  are  hatched,  so  that  the  young  come-fortli 
alive ;  in  other  instances,  the  eggs  are  hatched  subsequently  to  their 
deposition.  In  either  case,  however,  the  young  worm  at  its  emersion 
from  the  egg  has  the  general  form  and  aspect  of  its  parent,  though  its 
structure  is  still  far  from  being  complete  (Fig.  222,  h);  neither  under- 
going a  metamorphosis,  like  the  Trematoda,  nor  subsequently  evolving 
the  greater  part  of  its  structure  by  gradual  development,  like  the 
Cestoidea*  Still  it  appears  that  certain  I^ematoid  worms  when  developed 
in  parenchymatous  organs,  may  become  encysted  after  the  manner  of  the 
latter;  and  that,  while  they  remain  in  this  condition,  their  generative 
apparatus  is  undeveloped. 

576.  In  the  Generation  of  the  Botyera,  many  points  remain  to  be 
elucidated.  The  female  portion  of  the  sexual  apparatus  is  in  general 
sufiiciently  conspicuous ;  consisting  of  an  elongated  ovarian  mass,  some- 
times double,  sometimes  single,  which  is  situated  in  the  posterior  part  of 
the  cavity  of  the  body  (of  which  it  occupies  a  large  portion,  when  the  ova 
are  near  maturity),  opening  by  a  short  oviduct  into  the  cloacal  cavity. 
The  number  of  eggs  in  course  of  evolution  at  any  one  time,  is  always 
very  small;  but  their  size  is  considerable,  in  compaiison  with  that  of 
their  parent.  In  regard  to  the  male  organs,  however,  there  is  much 
uncertainty.  It  has  been  shown  by  Mr.  Dalrymple,  that  in  a  Kotifer  of 
the  genus  Notommata,  the  sexes  are  distinct  (the  male,  however,  being 
entirely  devoid  of  organs  of  nutrition,  §  137),  and  that  the  fei-tilization  of 
the  ova  is  effected  by  an  act  of  coprdation;  and  there  is  reason  to  think 
that  the  like  is  true  of  some  other  genera.  On  the  other  hand,  there  is  an 
absence  of  evidence  as  to  the  existence  of  separate  males  in  many  other 
wenera  whilst  in  the  bodies  which  contain  ovaries,  there  are  certain 
peculiar  corpuscles,  which  may  be  considered  as  spermatozoa  (as  observed 
by  Kblliker  in  Megalotrocha,  and  by  Huxley  in  Lacinidaria).^ — The  ova 
of  Rotifera  are  sometimes  incubated  within  the  body  of  the  female  parent, 
so  that  the  young  comes-forth  alive;  are  sometimes  carried  about  by  her, 
attached  to  the  neighbourhood  of  the  tail;  and  are  sometimes  freely 
deposited,  and  left  to  themselves.— The  history  of  their  embiyonic 

*  See  BaLe  "  De  EYolutione  Strongyli  et  Ascaridis,"  1841 ;  Kolliker  in_  "  Muller's 
Archly     1843  ;  and  Dr.  Nelson  'On  the  Reproduction  of  Ascar^  Mystax;  m  Philos. 

^TsetkJ.^Huxley's  Memoir  on  Ladrmlaria  socialw,  in  "Transact,  of  Microsc.  Soc," 
N.  S.,  Vol.  i.,  p.  1. 
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Development  is  in  all  essential  resj^ects  the  same  as  that  of  the  Nematoid 
Entozoaj  for  the  cells  of  the  'mulberry-mass'  may  be  observed  to 
arrange  themselves  into  subordinate  grouiDS,  each  of  which  evolves  some 
one  of  the  principal  organs;  and  thus  the  whole  animal  is  completed, 
or  nearly  so,  at  the  time  of  its  emersion  from  the  egg,  nothing  like  a 
metamorphosis  being  observable,  though  the  external  apjaendages,  and 
especially  the  rotatory  organs,  are  still  imperfect.*  The  whole  process 
of  development  is  completed,  in  some  cases,  within  twenty-four  hours ; 
and  hence,  notwithstanding  the  small  number  of  eggs  which  each  indivi- 
dual produces  at  once,  a  most  rapid  multiplication  takes  place  under 
favourable  circumstances;  it  has  been  calcidated  by  Prof  Ehrenberg 
that  seventeen  millions  may  thus  be  generated  from  a  single  parentage 
within  twenty-four  days. — Besides  the  ordinary  ova  thus  rapidly  deve- 
loped and  brought  to  maturity,  many  Rotifera  produce  what  are  termed 
'  winter  eggs which  have  been  commonly  supposed  to  differ  from  the 
rest  merely  in  possessing  a  peculiarly  thick  shell,  which  enables  them  to 
resist  cold,  and  in  being  much  longer  in  arriving  at  their  full  term,  so  as 
only  to  regenerate  the  species  when  the  returning  warmth  of  spring 
affords  the  conditions  most  favourable  to  their  life.  It  is  affirmed  by 
Mr.  Huxley  (loc.  cit.  p.  14),  however,  that  the  production  of  these  bodies 
is  different  fi-om  that  of  true  ova ;  for  whilst  the  latter  are  single  cells 
which  have  undergone  a  special  development,  the  former  are  aggregations 
of  cells,  in  fact  larger  or  smaller  portions  (sometimes  the  whole)  of  the 
ovary,  being  probably  gemmce  which  are  evolved  into  zooids  without 
fecundation,  resembling  the 'ephipisial  eggs'  of  Daphnia  (§  586),  and  those 
which  give  origin  to  the  successive  broods  of  Aphides  (§  580). 

576.  In  the  class  of  Annelida,  we  still  find  that  Gemmation  performs 
a  very  important  part  in  the  act  of  Reproduction :  the  multiplication  of 
similar  segments,  which  is  so  remarkable  in  many  members  of  this  group, 
being  almost  entirely  due  to  it;  while  a  spontaneous  division  sometimes 
takes  place,  by  which  the  parts  thus  produced  are  detached  from  one 
another,  sometimes  in  such  a  condition  that  they  must  be  regarded  as 
perfect  zooids,  whHst  in  other  cases  they  seem  but  little  more  elevated 
m  the  scale  of  animality  than  are  the  detached  oviferous  segments  of  the 
i^nia.  The  complete  reproduction  by  spontaneous  fission  may  be  seen 
to  occur  in  Nais,  a  worm  which,  though  aquatic  in  its  habits 
belongs  to  the  order  Terricolm;  after  the  number  of  segments  in  the 
body  has  been  greatly  multiplied  by  gemmation,  a  separation  of  those  of 
the  posi;erior  portion  begins  to  take  place;  a  constriction  forms  itself 
about  the  beginning  of  the  posterior  third  of  the  body,  in  front  of  which 
the  almaentary  canal  undergoes  a  dilatation,  whilst  on  the  segment 
behind  It,  a  proboscis  and  eyes  are  developed,  so  as  to  iorm  the  head  of 
the  young  animal  which  is  to  be  budded-off;  and  in  due  time,  by  the 
narrowmg  of  the  constriction,  a  complete  separation  is  effected,  and  the 
how/  'Tf  ""^'Tt^^  independent  life.     I^ot  unfrequently 

^ont  of  It,  which  IS  m  like  manner  provided  with  a  head,  and  separated 
from  the  mam  body  by  a  partial  constriction;  and  the  same  process  mav 
be  repeated  a  second  and  even  a  third  time ;  so  that  we  may  have  in2 

ero^co^iri™^^^^^^^^^^^  ^^MeliceHar^.n,.ns,^  in  "  Quarterly  Mi- 
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animal  the  extraordinary  phenomenon  of  four  worms  that  are  afterwards 
to  exist  as  separate  individuals,  united  end  to  end,  receiving  nourishment 
by  one  mouth,  and  possessing  but  one  anal  oiifice.  So  long  as  this 
multiplication  by  gemmation  is  going-on,  the  proper  generative  apparatu^s 
remains  undeveloped,  as  happens  with  the  Hydra;  but  at  a  certain 
pei'iod  of  the  year  it  ceases,  the  sexual  organs  are  evolved,  and  eggs  are 
produced  and  fertilized. — A  parallel  phenomenon  has  been  observed  in 
several  genera  of  the  Dorsibrcmicliiate  order ;  but  the  gemmae  thus 
detached  are  not  truly-indej)endent  zooids,  for  each  consists  of  little  else 
than  a  generative  apparatus,  with  the  addition  of  locomotive  organs; 
thus  bearing  a  similar  relation  to  their  stock,  with  that  wliich  is  borne 
by  the  generative  segments  of  the  Cestoid  worms  to,  the  body  from 
which  they  are  budded-off  (§  570).  In  the  one  case,  as  ui  the  other,  it 
must  be  improper  to  reckon  these  segments  as  a  new  genei-ation,  siace 
they  are  merely  the  '  complement'  of  the  organism  that  would  be  incom- 
plete without  them.  As  many  as  six  of  these  generative  offsets  have 
been  seen  in  contin^^ity  with  each  other,  and  with  their  stock,  by  Prof. 
Milne-Edwards;  the  most  posterior  being  evidently  the  oldest,  and  the 
one  in  direct  connection  with  the  parent  consisting  as  yet  but  of  a  few 
segments,  and  being  obviously  the  youngest.*  A  similar  detachment 
of  the  generative  segments  has  been  observed  among  certain  Tubicolce. — 
There  are  several  Annelida,  which  may  be  multiplied  by  artificial  sub- 
division, each  part  being  able  to  grow-up  into  the  likeness  of  the  perfect 
animal;  though  they  do  not  spontaneously  reproduce  themselves  in  this 
mode. 

577.  The  BorsibrancJdate  Annelida,  which  were  formerly  supposed  to 
be  hermaphrodite  and  self-impregnating,  are  now  known  to  be  dioecious. 
The  generative  organs,  whether  male  or  female,  are  very  commonly 
repeated  in  every  segment  of  the  trunk ;  and  they  form  glandular  masses, 
projecting  between  the  muscular  fasciculi  into  the  general  cavity  of  the 
body.  Neither  testes  nor  ovaria  have  any  duct  openiag  externally ;  but 
their  products  are  discharged  by  rupture  into  the  visceral  cavity.  In 
what  manner  they  find  their  way  out  of  this,  or  in  what  situation  the  ova 
are  fertilized,  is  yet  uncertain ;  but  if,  as  there  is  some  reason  to  believe, 
the  fertilization  is  accomplished  while  the  ova  are  still  within  the  body  of  the 
female,  this  must  be  effected  by  the  entrance  of  water  through  which  the 
male  spermatozoa  have  been  diffused,  into  the  visceral  cavity.  The  females 
of  some  species  carry  their  eggs  about  with  them,  after  the  escape  of  these 
from  the  interior  of  their  bodies ;  the  eggs  being  sometimes  glued  to- 
o-ether  by  a  mucous  secretion,  and  sometimes  protected  withia  a  kind  of 
marsupial  sac. — In  the  Tuhkoloi  also,  it  appears  that  the  sexes  are  dis- 
tinct; and  as  their  peculiar  mode  of  life  does  not  allow  the  congress 
of  two  individuals,  it  is  probable  that  the  fertilization  of  the  ova  is 
effected  by  the  diffusion  of  the  seminal  fluid  through  the  surrounding 
water  This  is,  of  course,  much  more  likely  to  be  effectual,  owing  to  the 
are^arious  habits  of  these  animals.— Among  the  Terricolm,  whose  organ- 
Tzatton  is  altogether  higher  than  that  of  the  proper  Annehda,  the  genera- 
tive organs,  altliough  both  sexes  are  frequently  combined  m  the  same 
individual,  are  not  multiplied  to  the  same  extent;  for  they  are  usua  y 
restricted  to  a  small  number  of  segments,  and  each  set  opens  externally 
*  "Ann.  des  Sci.  Nat.,"  3«  Ser.,  Zool.,  Tom.  III.,  p.  ITO. 
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Fig.  253. 


by  a  single  orifice ;  as  is  seen,  for  example,  in  the  Nais  (Fig.  253).  They 
are  not,  however,  self-impregnating ;  but  a  double  congress  takes  place, 
as  in  the  Planarite,  &c.  In  the  Earth-worm,  towards 
the  end  of  the  summer,  there  is  developed  around  the 
body  a  thick  and  broad  belt ;  this  is  an  apparatus  for 
suction,  by  which  the  worms  are  held-together  during 
the  congress.  Here,  too,  the  ova  do  not  escape  through 
the  ducts  which  serve  to  convey  the  spermatic  fluid  to 
the  ovaria;  but  the  ovaria  burst,  when  distended  with 
mature  ova,  and  allow  their  contents  to  be  dispersed 
through  the  visceral  cavity  of  the  animal.  In  tliis 
respect  the  process  of  Generation  in  the  earth-worm 
bears  a  striking  analogy  to  that  which  we  witness  in 
Flowering-plants  j  for  in  the  latter,  the  fertilizing 
influence  is  transmitted  down  the  minute  canals  of 
the  style,  and  the  seeds  escape,  when  ripe,  by  the 
dehiscence  of  the  walls  of  their  envelope.  The  ova 
of  the  earth-worm  pass  backwards  between  the  in- 
tegument and  the  intestine,  to  the  anal  extremity; 
and  in  their  progress  they  gradually  undergo  their 
development,  and  are  expelled  from  the  parent,  either 
as  comjjletely-formed  worms,  or  surrounded  by  a  dense 
and  tough  case,  which  gives  them  the  character  of 
pupse.  Whether  they  are  j)rodixced  in  the  perfect  or 
in  the  pupal  foi^m,  depends  on  the  nature  of  the  soil  ^ 
which  the  worms  are  inhabiting;  in  a  light  and  loose  j^ra^^fii^ormisTa/hlaA-, 
soil,  the  yoimg  quit  the  parent  prepared  to  act  for  i.apertureofmaieorgans; 

,T  -,  IT  •!    j_i  i-  aperture  of  lemale  or- 

themselves;  but  m  a  tough  clayey  soil,  tney  continue  gans;  a,  a,  ovaria. 
the  pupal  form  for  some  time,  so  as  to  arrive  at  a  still 
higher  degree  of  development,  before  commencing  to  maintain  an  inde- 
pendent existence.  In  many  Lumbricidce,  as  in  the  Hirudinidce  gene- 
rally, the  ova,  after  making  their  way  outwards  through  the  integument, 
gain  a  new  investment  from  a  secretion  furnished  by  the  cutaneous 
glandulse  of  a  particular  part  of  the  body,  which  sometimes  forms  a  horny 
casing,  sometimes  a  spongy  envelope,  of  an  annul  ai-  form,  closely  fitting 
to  the  body.  This  is  cast-off"  altogether  by  violent  efforts  on  the  part  of 
the  animal,  the  body  being  withdrawn  from  within  it;  and  a  sort  of 
'  cocoon '  is  thus  left,  opening  at  both  extremities,  and  usually  containing 
from  six  to  fom-teen  eggs,  which  undergo  their  development  under  its 
protection. 

578.  In  the  history  of  the  Development  of  the  several  orders  of  Anne- 
lida, there  exists  a  very  marked  diversity ;  for  whUst  the  young  of  the 
Terricolce  and  Suctoria  do  not  usually  issue  from  the  egg,  u.ntil  they  have 
acquired  the  characteristic  form  of  the  parent  (although  the  number  of 
segments  may  be  subsequently  augmented),  the  embryoes  of  the  Dorsi- 
hranchiatci  and  Tuhicolce  come-forth  in  a  state  of  far  less  advancement, 
and  only  acquire  their  perfect  form  by  such  a  series  of  changes  as  deserves 
the  designation  of  a  metamorphosis.  So  far  as  has  been  yet  observed, 
there  is  a  very  close  conformity  in  the  earliest  states  of  all  these  embryoes. 
They  come  forth  from  the  egg  in  a  condition  very  little  more  advanced 
than  the  ciliated  gemmules  of  the  polypes ;  consisting  of  a  nearly  globular 
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^lass  of  untransformed  cells,  certain  parts  of  the  surface  of  which  are 

covered  with  cilia,  symmetri- 
cally disposed.    In  the  course 
of  a  few  hours,  however,  this 
embryonic    mass  elongates, 
and   indications  of  a  seg- 
mental division  become  ap- 
parent; so  that  by  the  end 
of    the  first   day  after  its 
emersion,  there  may  be  dis- 
tinguished in  the  embryo  of 
Terebella  (Fig.  254,  a)  the 
cephalic  segment,  a,  the  first 
segment  of  the  body,  6,  which 
is  thickly  covered  "with  cilia, 
a  second  narrower  and  non- 
ciliated  segment,  c,  and  the 
caudal  ciliated  segment  + . 
A  little  later  (b),  a  new  seg- 
ment, d,  is  seen,  intei-posed 
between  the  penultimate  and 
the  caudal  segments ;  and  the 
dark  internal  granular  mass 
is  observed  to  have  extended 
itself  to  the  extremity  of  the 
body,  forming  the  fii'st  out- 
line of  the  intestinal  tube. 
The  number  of  segments  con- 
tinues to  increase  by  the  pro- 
cess of  gemmation,  each  new 
one  being  bu.dded-ofi'from  the 
caudal  extremity  of  the  pe- 
nultimate segment,  so  as  to 
be  interposed  betwixt  it  and 
the  original  caudal  segment, 
which  is  thus  progressively 
removed  from  the  cephalic, 
with  which  it  was  at  first  in 
close  proximity.  Thus  in  the 
larva  in  the  more  advanced 

.    Earlystagesofdevelopmentof  rereiei!Za«ei!tZosa;  A.larva   ^i^„q  represented  at  C,  We  find 

^.^Zfi^^m'^o^^^^^^^  that  the  segments,  e,f,g,h,i,j, 

^th  first  appearance  of  appendages;  a,  cephalic  segment; 
^ciliated  segment;  c,  third  ring;  f.^./.i-i*..  V?^.^'i«°^ssiyely 


formed  segm-ents;  x  anal  segment ;  pharynx;  9  oesopha 
eus  •  r,  stomach;  s,  intestine  :-D,  larva  at  the  end  of  the  first 
period  shovYing  the  antenniform  appendage  the  cephaLc 
Kekt,  a,  with  its  pair  of  ocelli,  succeeded  by  the  ciliated 
sefSent  stiU  bearing  the  remains  of  the  collar  of  cdia,  and 
cSinhigthebuccal  cavity,  i,  in  the  mterior  of  which  cdiary 
movement  may  be  discerned;-E,  larva  now  become  tubico- 
Sus  having  eight  antenniform  appendages  multiple  ocelh, 
more  nu^^fous  segments,  and  more  complete  mternal  orga- 
S^aUon  Jut  still  having  no  special  circulating  appa.-atus. 


of  the 


have  been  interposed  between 
the  caudal  segment  +  and 
the  segment  d  of  the  previous 
growth  (b)  ;  at  the  same  tiaie, 
the  cephalic  segmeut  has  be- 
come more  developed,  and 
the  eye-spots  are  now  very 
distinct;  and  each  segment 
body  is  furnished  with  a  pa.ii'  of  setigerous  appendages,  closely 
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resembling  those  of  the  adult.    The  evolution  of  the  internal  organs, 
also,  has  made  considerable  progress;  so  that  we  clearly  distinguish  the 
pharynx,  p,  the  oesophagus,  q,  the  stomach,  r,  (the  walls  of  which  are 
still  tinged  mth  the  yolk-substance),  and  the  intestine,  s,  as  in  process 
of  formation.    During  this  early  period  of  their  development,  the  em- 
bryoes  remain  in  the  midst  of  the  gelatinous  substance  in  which  the 
ova  were  at  first  imbedded,  and  which  appears  to  serve  as  the  common 
'  albumen '  for  the  whole  collection ;  and  from  this  substance  they  would 
seem  to  derive  nutriment  by  imbibition,  since  they  increase  considerably 
in  size  before  they  become  capable  of  receiving  food  through  the  mouth.  It 
is  only  when  the  digestive  apparatus  and  locomotive  organs  have  attained 
a  grade  of  development  which  enables  the  larvis  to  obtain  food  for  them- 
selves, that  they  emerge  from  their  gelatinous  bed ;  and  whatever  may  be 
their  ultimate  destination,  they  lead  for  a  time  a  life  of  activity.  When 
the  communication  is  first  established  between  the  pharyngeal  cavity 
and  the  external  sui-face,  so  as  to  form  the  moiith,  the  interior  of  the 
passage,  as  well  as  the  commencement  of  the  intestinal  canal,  are  lined 
with  cilia ;  and  it  is  by  their  agency  that  the  young  animal  obtains  its 
food,  imtil  other  organs  are  developed.    At  this  period  (d,  e),  neither 
circulating  apparatus  nor  distinct  blood  can  be  detected ;  nor  can  the 
presence  of  a  nervous  system  be  aflirmed,  although  the  existence  of  ocelli, 
and  the  activity  of  the  movements  of  the  larva,  seem  to  justify  the  pre- 
sumption that  it  is  in  process  of  formation.— The  further  development  of 
the  embiyonic  into  the  perfect  form  need  not  be  traced  in  detail.  It 
consists  partly  in  the  successive  multiplication  of  segments,  each  new  one 
being  budded-ofF  from  the  caudal  extremity  of  the  one  that  was  formed 
last-before;  and  partly  in  the  successive  development  of  new  organs, 
especially  those  constituting  the  circulatory,  respiratory,  nervo-muscular, 
and  generative  apparatus.    In  the  TuhicolcB,  the  tubular  envelope  is 
usually  formed  after  the  larvse  have  passed  a  few  days  in  the  condition  of 
Errantia;  and  from  that  time  the  development  of  their  locomotive 
apparatus  takes  a  retrograde  rather  than  an  advancing  direction.* 

579.  In  the  class  Myriapoda,  there  is  no  known  instance  of  multipli- 
cation by  fission,  either  natural  or  artificial ;  and  the  act  of  reproduction 
is  solely  accomplished,  therefore,  through  the  Generative  apparatus. 
The  sexual  organs  are  always  dioecious,  and  the  fertilization  of  the  ova  is 
accomplished  by  actual  congress.  The  bodies  of  Myriapods  present  a 
considerable  repetition  of  the  generative,  as  well  as  of  the  other  organs ; 
but  still  there  is  by  no  means  the  same  degree  of  segmental  independence 
amongst  them,  as  may  be  seen  in  the  typical  Annelida.  The  generative 
aperture,  in  both  sexes,  is  near  the  anterior  extremity  of  the  body. — The 
history  of  the  early  development  of  the  embryo  within  the  egg,  seems  to 
correspond  in  its  main  features  with  that  of  Insects,  which  will  be  presently 
described ;  whilst  in  the  later  changes  which  are  seen  after  its  emersion, 
we  are  reminded  of  the  Annelida ;  for  the  length  of  the  body  is  greatly 
augmented  by  the  successive  addition  of  new  segments,  and  these  are 
formed  by  gemmation  from  the  penultimate  segment.  It  would  seem 
as  if  the  'germinal  capacity'  were  still  expended  (as  in  the  lower  classes) 
in  the  act  oi  growth  rather  than  of  developme^it ;  and  as  if  the  continued 

*  See  the  admirable  Memoir  of  Prof.  Milne-Edwards  '  Sur  le  Developpement  des  Anne- 
lides,'  in  the  "Ann.  des  Sci.  Nat.,"  3"  Ser.,  Zool.  ,Tom.  III. 
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production  of  similar  parts  of  a  lower  grade,  were  incompatible  with  the 
evolution  of  the  previously-formed  parts,  into  a  higher  type.  We  see, 
however,  in  the  Myriapoda,  that  the  advance  of  development  is 
occasionally  marked  by  the  aggregation  of  segments  that  were  originally 
distinct.  This  is  especially  the  case  in  the  Scolopendridce,  in  which  the 
multiplication  of  segments  never  takes  place  to  anytliing  like  the  same 
extent  that  it  does  in  the  lulidie,  and  in  whose  organisation  there  is 
obviously  a  gi'eater  approach  to  the  concentration  manifested  in  the  higher 
Articulata.  Thus  the  head,  according  to  Mr.  Newport,  is  composed  of 
eight  segments,  which  are  often  consolidated  into  one  piece  like  the  head 
of  Insects ;  and  each  movable  division  of  the  body  is  in  reality  composed 
of  two  distinct  segments,  originally  separate,  but  anchylosed  together  at 
an  eai'ly  period  of  their  formation;  their  original  distiuctness  being 
usually  marked  by  the  persistence  of  the  separate  ganglia  and  pairs  of 
legs.  The  ganglia,  however,  sometimes  coalesce,  especially  in  the  anterior 
part  of  the  body  of  the  Polydesmidce* 

580.  It  is  very  remarkable  that,  in  animals  so  highly  organised  as 
Insects,  we  should  find  a  very  marked  example  of  Gemmiparous  multipli- 
cation, occurring  as  part  of  the  regular  history  of  the  race.  This  is  the 
case  in  the  genus  Aphis;  among  many  species  of  which,  a  large  propor- 
tion of  the  individuals  never  acquire  wings,  but  remain  in  the  condition 
of  larvse  (§  584).  These,  withou.t  any  sexual  congress  (none  of  them, 
indeed,  having  any  male  organs),  bring  forth,  during  the  summer,  living 
young  ones  resembling  themselves ;  and  the  young  soon  repeat  the  same 
process  in  their  turn,  so  that  ten  successional  broods  are  often  thus 
produced.  With  the  fall  of  temperature  at  the  end  of  the  season,  however, 
perfect  winged  males  and  females  make  their  appearance ;  these  copulate 
and  produce  true  ova,  which  retain  their  vitality  during  the  winter,  and 
give  birth  to  a  new  generation  in  the  spring,  long  after  the  parents  have 
perished.  'Now  if  we  compare  tliis  series  of  phenomena  with  those  of  a 
similar  kind  which  have  already  occupied  our  attention,  it  becomes 
obvious  that  although  ova  are  evolved  by  the  fertile  larvse,  and  although 
the  development  of  these  follows  the  same  plan  as  that  of  the  ova  sexually 
produced  and  impregnated,!  yet  that  this  is  really  a  case  of  internal 
gemmation.  And  thus,  notwithstanding  the  great  increase  in  the 
number  of  independent  beings,  and  the  long  succession  of  broods  of 
'  zooids,'  which  may  be  thus  produced,  not  one  of  the  viviparous  larvse 
becomes  a  complete  organism ;  for  so  long  as  this  method  of  multiplication 
is  continuing,  the  type  of  the  perfect  insect  is  never  evolved,  since  no 
true  sexual  characters  make  their  appearance. J  So,  again,  the  'genera- 
tion' cannot  be  said  to  be  completed,  until  a  perfect  pair  of  male  and 
female  Aphides  shall  have  been  evolved,  capable  of  continuing  their  race 
by  the  process  of  true  sexual  generation  ;  and  this  evolution  may  be 

*  See  Mr  Newport's  valuable  Papers  on  the  Myriapoda  in  the  "Linnoean  Transactions," 
Vol  XIX.  and  in  the  "  PliilosopHcal  Transactions"  for  1841,  1843,  and  1844. 
+"  See  Leydi"  in  "  Siebold  and  Kolliker's  Zeitschrift, "  1850. 

■1-  The  yiyiparous  pupre  are  usually  spoken  of  as  '  females ;'  but  they  have  no  more  real 
titfe  to  this  designation,  than  is  possessed  by  a  Hydra  wHch  is  budding-oft  new  polj^es  from 
its  body  -For  a  fuller  and  more  controversial  exposition  of  the  Author  s  vie  vs  on  this 
subjectf  which  are  fully  shared  by  Mr.  Huxley,  see  the  "Brit,  and  For.  Med.-Clur.  llev. 
vol.  iv.,  p.  443. 
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postponed  for  a  mucli  longer  period  than  usual,  by  preventing  the  animals 
from  being  subjected  to  that  depression  of  temperature,  which,  at  the 
end  of  the  wann  season,  ordinarily  seems  to  check  the  gemmiparous  mul- 
tiplication, and  to  call  into  exercise  the  true  sexual  operation.  "— Several 
other  instances  have  been  put  on  record,  in  which  female  msects  which 
have  been  kept  separate  from  males,  have  nevertheless  produced  fertile 
ova.— A  remarkable  case  has  lately  been  discovered  by  Prof  Filippi,t 
in  which,  in  a  parasitic  larva  resembling  that  of  a  Dipterous  Insect,  a 
vesicle  makes  its  appearance,  that  gradually  developes  itself  mto  the  lai-val 
form  of  a  Hymenopterous  Insect;  this  internal  gemma,  for  such  it 
appears  to  be,  gradually  distends  the  lai-val  body  which  preceded  it, 
reducing  it  at  last  to  a  mere  sac  ;  and  in  due  time,  after  passing  into  the 
pupa-state,  it  finally  comes  forth  as  a  Pteromalus,  one  of  the  Ichneumon 
tribe.  The  uniformity  of  this  curious  occurrence  seems  to  forbid  its 
being  regarded  as  a  case  of  parasitism,  which  we  might  otherwise  be  dis- 
posed to  consider  it ;  and  it  can  scarcely  be  ranlced  in  any  other  category 
than  that  of  larval  gemmation. 

581.  All  perfect  Insects  possess  true  Generative  organs;  and  it  is  by 
them  alone,  that  their  reproduction  is  accomplished.  Throughout  the 
whole  of  this  immense  group,  the  sexual  organs  are  constructed  upon  a 
plan  essentially  the  same.  They  are  invariably  dioecious ;  and  the  outlet, 
both  of  the  male  and  female  organs,  is  situated  at  the  posterior  extremity 
of  the  body.  The  testes  are  always  formed  of  csscal  tubuli,  resembling 
those  of  glands  in  general ;  but  there  is  such  a  variety  in  the  mode  in 
which  these  organs  are  disposed,  that  as  many  as  twenty-four  different 
types  of  them  have  been  enumerated.  The  spermatic  duct  is  often  fur- 
nished with  a  vesicular  dilatation,  which  serves  as  a  reservoir  for  that 
fluid ;  and  it  terminates  in  a  penis  or  intromittent  organ,  which  is  usually 
enclosed  in  a  pair  of  valves  prolonged  from  the  last  segment  of  the  abdo- 
men. The  penis,  or  some  neighbouring  part,  is  frequently  furnished  with 
recurved  hooks,  that  take  a  firm  hold  of  the  female  during  the  act  of 
coition.  The  ovaria  of  the  female  are  formed  upon  very  much  the  same 
plan  as  the  testes;  and  present  a  similar  variety  in  the  arrangement  of 
their  parts.  The  number  and  degree  of  prolongation  of  their  caeca,  are 
usually  in  relation  with  the  fertility  of  the  species ;  and  this  is  greatest 
in  those  Social  Insects,  in  which  a  large  proportion  of  the  individuals 
never  attain  their  fall  sexual  perfection,  the  number  of  fertile  females 
being  very  small.  The  development  of  the  several  parts  of  the  ovum 
may  be  advantageously  studied  in  this  class ;  since  the  same  ovarian 
caecum  very  commonly  contains  ova  in  difierent  stages  of  development. 
Here,  as  elsewhere  (§  526),  the  ovisac  appears  to  be  the  part  first  formed, 
as  the  parent- cell  of  the  ovum;  this  at  first  closely  embraces  the  germinal 
vesicle,  but  soon  a  granular  matter,  the  vitellus,  is  interposed  between 
them;  and  when  this  has  accumulated,  a  proper  envelope,  the  vitelline 
membrane,  is  developed  around  it. — The  females  of  many  insects  are 
provided  with  a  siiermotheca,  or  receptacle  for  the  seminal  fluid  of  the 
male ;  into  this  the  fluid  is  received  during  coition ;  and  there  it  is  retained. 


*  See  "  Burmeister's  Entomology"  (translated  by  Shuckhard)  p.  310. 
t  See  "Annals  of  Natural  History,"  2nd  Ser.,  Vol.  IX.,  p.  461. 
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\\atlaoiit  the  loss  of  the  vitality  of  the  spermatozoa,  for  many  weeks,  so 
that  each  oviim  is  fertilized  as  it  aj^proaches  the  outlet.  This  outlet  is 
frequently  prolonged  into  an  ovipositor;  an  instrument  produced  from 
the  last  segment  of  the  abdomen  (and  apparently  homologous  with  the 
sheath  of  the  penis  in  the  male),  by  which  the  ova  may  be  conveyed  into 
situations  peculiarly  appropriate  for  theii'  reception.  Special  instruments 
are  frequently  developed  in  connection  with  the  ovipositor,  by  which  the 
parent  is  enabled  to  bore,  or  even  to  saw-out,  a  fitting  receptacle ;  and 
the  various  provisions  which  are  made  in  these  and  other  ways,  for  the 
protection  of  the  eggs  and  for  the  supply  of  food  to  the  larvae  when 
hatched,  are  among  the  most  curious  manifestations  of  the  instincts  of 
this  wonderful  class. 

582.  The  mode  of  Development  of  the  Insect-larva  within  the  egg, 
seems  not  veiy  dissimilar  to  that  which  has  been  already  described 
in  the  inferior  Articulata.  The  entire  yolk  is  divided  by  segmentation 
in  the  usual  manner;  but  this  subdivision  takes  place  most  minutely,  and 
the  formation  of  cells  occurs  most  completely,  at  the  peripheral  portion ; 
so  that  the  first  condition  of  the  embryo  within  the  egg,  like  that  of  the 
free-swimming  embryo  of  Annelida,  is  a  somewhat  elongated  body,  com- 
posed of  the  vitelline  mass  included  in  a  cellular  envelope.  This  envelope, 
however,  is  first  completed  on  that  which  is  to  become  the  ventral  surface 
of  the  body ;  and  on  the  dorsal  aspect  a  broad  open  space  is  for  some  time 
left,  through  which  the  yolk  may  be  clearly  seen.  This  simple  elongated 
body,  however,  soon  exhibits  a  constriction,  which  marks-out  the  cephalic 
portion;  and  other  segmental  divisions  early  begin  to  show  themselves, 
thus  indicating  the  Articulated  character  of  the  animal,  almost  before  its 
internal  organisation  can  be  said  to  have  commenced.  The  dorsal  opening 
is  gradually  closed ;  and  the  cellular  membrane  formed  around  the  yolk 
presents  a  considerable  increase  in  thickness,  owing  to  the  formation  of 
new  layers  of  cells.  At  the  same  time,  the  cells  ujjon  the  sm-face  of  the 
included  vitellus  are  undergoing  subdivision  and  metamorphosis;  and 
these  form  the  walls  of  the  alimentary  canal,  which  thus  includes  the 
residue  of  the  yolk.  Various  collections  of  cells  are  shortly  seen,  which 
are  the  respective  foundations  of  the  difierent  organs  that  are  to  be  deve- 
loped in  the  larva;  but  the  parts  that  usually  first  present  an  approach 
to  the  characters  they  present  after  the  emersion  of  the  embryo  from  the 
ovum,  are  those  which,  being  concerned  in  mastication,  are  most  directly 
subservient  to  that  function  which  the  larvas  exercise  with  such  extraor- 
dinary energy,  immediately  on  their  entrance  into  the  world.  The  mouth 
and  anus  are  formed,  as  in  other  cases,  by  the  thinning-away  of  the 
envelope  which  at  first  included  the  entire  cavity;  and  not  unfrequently 
the  second  of  these  orifices  has  not  made  its  appearance,  at  the  time  of 
the  escape  of  the  larva  from  the  egg. 

583.  No  Insects  come-forth  from  the  egg  in  their  perfect  condition ; 
and  their  state  in  many  cases  at  the  time  of  emersion  is  quite  embryonic ; 
so  that  it  is  usually  not  until  a  series  of  very  considerable  changes  have 
taken  place  in  external  configuration  and  internal  structure,  together 
constituting  what  is  known  as  the  'metamorphosis,'  that  the  comijlete 
development  of  the  specific  type  is  attained.  The  amount  of  this  metamor- 
phosis, and  the  mode  in  which  it  is  accomplished,  vary  considerably  in 
the  difierent  orders  of  insects ;  but  three  stages  ai-e  usually  marked-out, 
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more  or  less  distinctly,  in  the  life  of  each  indivic lua  .     The  term  Larva, 
S  the  ordinary  language  of  Entomology,  is  apphed  to  the  insect,  from 
the  date  of  its  em°ersion  from  the  egg,  up  to  the  time  when  the  wings 
be^in  to  appear:  the  term  Pupa  is  in  like  manner  employed  to  mark  the 
p  r"d  dSg  ^hich  it  is  acquiring  wi-g^  ^         f^om  the  time  when, 
these  and  other  organs  characteristic  of  its  perfect  state  are  completed, 
[t  is  spoken-of  as%he  Lnago.     The  grade  of  development  however 
at  which  the  Insect  comes-forth  from  the  egg,  is  very  different  m  the 
several  orders  and  famUies;  -and  it  is  consequently  very  unphilosophical 
to  associate  imder  the  same  designation,  beings  which  are  m  conditions 
essentially  diverse.    In  all  cases,  the  embryonic  mass  ^ylthm  the  egg  is 
first  converted  into  a  footless  worm,  resembling  the  higher  Entozoa  or 
the  inferior  Annelida  in  its  general  organisation,  but  possessing  the 
mimber  of  segments— thirteen— which  is  typical  of  the  class  of  Insects. 
Such  in  the  Diptera  and  Etjmenoptera,  and  in  some  of  the  Coleoptera,  is 
the  condition  of  the  larva  at  the  time  of  its  emersion  from  the  egg;  and 
it  is  remarkable  that  many  of  the  larvae  of  the  first  of  these  groups 
resemble  Entozoa  in  their  parasitic  habits.     The  head  m  larvae  of  this 
kind  (which  are  familiarly  known  as  'maggots'),  differs  but  little  fr'omthe 
segments  of  the  body;  the  eyes  in  many  instances  not  being  developed,  _ 
and  the  mouth  being  furnished  with  a  mere  suctorial  cUsk.     In  the 
Lepidoptera  and  most  of  the  Coleoptera,  however,  the  larva  at  the  time  of 
its  emersion  possesses  the  rudiments  of  the  three  pairs  of  thoracic  legs, 
although  they  are  Httle  else  than  simple  claws  (Fig.  255,  i,  2,  3),  save  in  the 
carnivorous  Beetles;  whilst  in  addition  to  these,  several  of  the  abdommal 
segments  are  furnished  with  fleshy  tubercles  or  pro-legs  (generally  to  the 
number  of  four  or  five  pairs),  which  are  peculiar  to  the  larva-state.  In 
such  larvffi  (which  are  commonly  designated  as  'caterpillars'),  we  observe 
a  remarkable  equality  in  the  different  segments,  both  as  to  size,  form,  and 
plan  of  construction,  which  strongly  reminds  us  of  the  Annelida.  The 
alimentary  canal  occupies  nearly  the  whole  of  the  cavity  of  the  body,  and 
passes  without  flexure  from  one  end  of  it  to  the  other.    The  compart- 
ments of  the  dorsal  vessel,  the  respiratory  organs,  the  nervous  centres, 
and  the  muscular  bands,  are  repeated  with  great  regularity;  and  there  is 
as  yet  no  distinction  between  the  thoracic  and  abdominal  portions  of  the 
tmnk  (Fig.  255).    The  head,  however,  is  usually  protected  by  a  horny 
covering,  and  is  provided  with  simple  or  clustered  eyes  like  those  of  the 
higher  Annelida  and  Myriapoda;  and  the  mouth  is  frirnished  with 
powerful  cutting  jaws  for  the  division  of  the  food,  which  is  usually 
vegetable  in  its  nature.     In  the  Orthopterous  and  Hemipterous  orders, 
on  the  other  hand,  these  stages  of  development  are  passed-through  within 
the  egg ;  and  as  the  young  Insect  does  not  emerge  thence  until  it  has 
attained  a  higher  grade,  in  which  it  presents  a  close  resemblance  to  its 
parents  in  almost  every  particular  save  the  want  of  wings,  it  cannot  be 
regarded  as  having  the  characteristics  of  a  real  larva.     This  is  the  case, 
too,  with  some  of  the  Coleoptera,  in  which  order  we  find  a  considerable 
variety  as  regards  the  stage  of  development  at  which  the  embryo  quits 
the  ovum. — In  the  true  Larva  condition,  the  whole  energy  seems  con- 
centrated upon  the  nutritive  functions ;  the  quantity  of  food  devoured  is 
enormous;  and  the  increase  in  the  bulk  of  the  body  is  very  rapid.  During 
this  rapid  growth,  the  caterpillar  throws-off  and  renews  its  epidermis 
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several  times;  but  tlie  larvse  of  the  Hymenoptera  and  Diptera  do  not 
undergo  this  exuviation  until  they  pass  into  the  pupa  state,  their  integu- 
ment being  soft  enough  to  yield  to  the  distension  from  within.  The 
sexual  organs  are  but  little  developed  during  the  larval  period;  but  their 
rudiments  may  be  detected.  The  activity  of  growth,  however,  seems  to 
supersede  in  the  larva  the  progress  of  development;  for  the  tissues  remain 
m  an  embryonic  state,  and  the  organs  retain  their  original  condition 
with  little  or  no  essential  change  except  in  size,  until  a  sufficient  store  of 
nutriment  has  been  taken  into  the  system,  to  sei-ve  as  the  j^abzUit/ni  for 
all  the  subsequent  develoiDmental  operations,  by  which  the  fabric  of  the 
perfect  Insect  is  to  be  completed. 

Fig.  255. 
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Fig.  256. 


Ideal  sections  of  Larva  (Fig.  255)  and  Pupa  (Fig.  256)  of  Sphinx  lAgusiri  (Pig.  57),  showing 
the  relative  state  and  position  of  their  organs : — 1-13,  the  successive  segments ;  a,  a,  dorsal 
vessel ;  b,  b,  hgamentous  bands  holding  it  in  its  place ;  c,  oesophagus;  d,  stomach;  e,  intestinal 
canal;y,  biliary  tubuli ;  g,  caecum ;  h,  cloaca ;  i,  sexual  organ ;  k,  cephalic  ganglion,  from  vrhich 
the  ventral  gangliatedcord  is  seen  passing  backwards,  along  the  floor  of  the  thorax  and  abdomen. 

584.  Of  the  mode  in  which  the  Insect  enters  the  Pupa  state,  and  of 
its  condition  in  that  state,  no  general  statement  can  be  made ;  since  they 
correspond  for  the  most  part  with  the  grade  of  development,  which  the 
larva  has  previously  attained.  Where  it  already  possesses  the  general 
form  and  structure  of  the  Imago,  and  little  else  is  required  for  its  com- 
pletion than  the  development  of  the  wings  and  of  the  sexual  organs,  this 
is  usually  effected  without  any  cessation  of  its  activity;  and  after  the 
first  moult,  which  is  regarded  as  marking  the  commencement  of  the  pupa 
state,  it  continues  to  move  about  and  to  take  food  as  usual,  whilst  its  wings 
are  sprouting  and  gi-adually  becoming  elongated  beneath  the  next  skin. 
This,  again,  is  exuviated,  and  the  wings  as  yet  unexpanded  are  seen  on 
the  exterior  of  the  body.  After  a  third  moult,  the  wings  which  were 
previously  short,  thick,  and  soft,  are  caused  to  expand,  probably  by  the 
injection  of  air  into  their  tracheae;  and  no  change  subsequently  takes 
place.  Such  is  the  case  with  the  Orthoptera,  Remipitera,  and  some 
JVeuroptera.  It  is  curious  to  observe  that  in  the  viviparous  broods  of 
Aphides  (§  580),  neither  metamorphosis  nor  moulting  takes  place ;  but 
that  the  process  of  gemmation  is  performed  in  a  condition,  which  corres- 
ponds with  that  of  the  larvse  of  the  perfect  insects  developed  at 
the  end  of  the  season;  as  if  the  vital  force  which  would  otherwise  be 
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directed  to  fclie  complete  evolution  of  the  individual,  is  here  employed  in 
the  multiplication  of  the  race. — In  the  Coleoptera,  Lepidoptera,  Ilymen- 
optera,  Uipt&ra,  and  some  Nev/roptera,  however,  the  pupa-state  is  one  of 
complete  inactivity,  as  regards  all  the  manifestations  of  animal  life; 
although  the  formative  processes  are  then  carried-on  with  extraordinary 
energy!  The  imperfect  larvae  of  these  orders,  as  we  have  already  seen, 
are  truly  embiyonic  in  their  condition ;  and  the  processes  of  develop- 
ment which  were  comme-nced  within  the  egg,  and  which  were  then  only 
carried  far  enough  to  enable  the  larvse  to  come-forth  and  obtain  their 
own  nutriment,  are  now  continued  at  the  expense  of  the  food  which  they 
have  collected  and  stored-up  within  their  bodies ;  so  that  the  passage 
into  the  pupa-state,  in  such  cases,  may  be  fairly  likened  to  a  re-entrance 
into  the  egg.  The  pupa  is  enclosed  in  the  last  skin  exuviated  by  the 
larva,  which,  instead  of  being  thrown-off,  dries-up  and  remains  to  encase 
the  proper  skin  of  the  pupa  that  is  formed  beneath  it ;  and  in  addition 
to  this,  it  is  frequently  protected  by  a  silken  '  cocoon,'  the  construction 
of  which  was  the  last  act  of  larval  life.  The  duration  of  the  pupa- 
condition,  and  the  rate  at  which  the  developmental  changes  take  place, 
vary  considerably  in  different  cases;  some  Insects  remaining  in  this 
state  for  years,  whilst  others  pass  through  it  in  a  few  days  or  even  in  a 
few  hours;  in  both  cases,  however,  an  important  influence  is  exerted 
by  external  temperature.  As  the  state  of  the  Pupa  is  one  of  rapid 
transition,  it  cannot  be  said  to  have  any  characteristic  organisation; 
the  intermediate  condition  of  its  structure,  however,  between  that  of  the 
Larva  on  the  one  hand,  and  that  of  the  Imago  on  the  other,  is  shown, 
in  Fig.  256. 

585.  The  assumption  of  the  Imago  or  perfect  type  of  Insect-life,  is 
always  marked  by  an  exuviation  of  the  integument  which  covered  the 
pupa;  and  with  this  are  cast-off  all  the  vestiges  of  the  organs  peculiar 
to  the  larva-state,  while  the  wings,  the  true  legs,  the  compound  eyes,  the 
antennae,  the  complete  masticating  or  suctorial  apparatus,  and  many 
other  organs,  are  now  revealed  for  the  first  time  in  all  those  whose  pupa- 
condition  was  inactive.  The  wings,  however,  are  seldom  ready  for  use  at 
the  time  of  the  Insect's  emersion  from  the  pupa-case;  being  usually  soft 
and  moist,  hanging  loosely  at  the  sides  of  the  body,  and  only  acqiiiring 
that  rigidity  which  is  requisite  to  give  them  the  power  of  serving  as 
organs  of  impulsion,  when  their  tracheae  have  been  forcibly  dis- 
tended with  air  (§  304).  The  nutritive  apparatus  of  the  Imago  is  far 
less  developed  relatively  to  the  muscular,  nervous,  and  sexual  organs, 
than  it  is  in  the  preceding  conditions;  and  its  subordination  to  the 
offices  of  these  is  shown  by  the  fact,  that  many  Insects  take  no  food 
whatever  after  their  last  change,  the  sole  purpose  of  their  existence,  in 
their  perfect  state,  being  the  propagation  of  the  race  by  the  generative 
process.  In  many  instances,  the  duration  of  the  Imago-state  is  very 
brief,  even  where  that  of  the  preparatory  periods  has  been  very  long;  as 
in  the  case  of  the  Epiiemera  (Day-fly),  which  usually  dies  within  a  few 
hours  after  its  last  change,  although  the  term  of  its  previous  life  as  a 
larva  and  an  active  pupa  has  not  been  less  than  two  or  three  years.  And 
even  where  the  length  of  the  life  of  the  perfect  insect  is  much  greater,  as 
in  Bees,  Wasps,  &c.,  it  seems  to  have  a  special  relation  to  the  mirture  of 
the  offspring,  which  are  tended  and  supplied  with  food  during  the  whole 
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of  their  larva  state.  This  duty,  in  the  'social'  Insects,  is  performed  by 
the  '  neuters'  or  '  workers,'  which  are  females  whose  sexual  organs  have 
not  been  evolved ;  their  sexuality  being  proved  (in  the  case  of  the  Hive 
Bee  at  least)  by  the  fact  that  they  may  be  developed  into  perfect  females 
by  a  different  treatment  during  the  larva-state  (§  119).  In  the  Ant  tribe, 
the  neuters  do  not  acquu-e  wings;  and  some  of  them,  which  are  two  or 
three  times  the  size  of  the  rest,  and  are  somewhat  differently  formed, 
are  characterized  as  '  soldiers,'  their  special  office  being  the  defence  of  the 
nest  rather  than  the  nurture  of  the  young.  Among  the  'Termites  (White- 
ants),  however,  the  'soldiers'  appear  to  be ^Mjace  arrested  in  their  deve- 
lopment; whilst  the  'workers'  have  the  characters  of  permanent  ^ctrvce. — 
In  the  Apterous  orders  of  Insects,  we  find  some  tribes  undergoing  a 
regular  metamorphosis,  which  is  complete  in  every  respect  save  the  non- 
development  of  the  wings.  Thus  the  larvse  of  the  Pnlex  (Flea)  are  foot- 
less worms,  which  afterwards  pass  into  the  pupa-state,  spinning  for  them- 
selves a  silken  cocoon;  in  this  they  remain  inactive  for  about  twelve 
days,  after  which  the  imago  comes  forth,  having  the  rudiments  of 
wings  attached  to  the  second  and  third  segments  of  the  body,  though 
without  any  proper  distinction  of  thorax  and  abdomen.  The  Pedicvlus 
(Louse),  Podura  (Spring-tail),  and  some  other  Aptera,  however,  tmdergo 
no  metamorphosis ;  coming-forth  from  the  egg  in  the  condition  in  wliich 
they  remain  all  their  lives;  and  this  being  far  from  the  type  of  the 
perfect  Insect. 

586.  Although  in  the  higher  Crustacea,  as  in  Insects  generally,  the 
power  of  multiplication  by  Gemmation  seems  entirely  wanting;  yet  in 
the  Entomostracous  group  we  have  instances  of  it,  wliich  seem  to  corre- 
spond in  their  essential  features  with  the  case  of  the  Aphis  (§  580). 
For  whilst,  in  Daphnia,  the  true  sexvial  Generation  takes  place  at  certain 
seasons  only  (the  males  disappearing  entirely  at  other  times),  a  non- 
sexual production  continues  at  all  periods  of  the  yeai',  so  long  as  warmth 
and  food  are  siipplied,  and  is  repeated  by  each  of  the  su^ccessive  broods 
thus  evolved ;  and  the  same  appears  to  be  the  case  with  Gypris,  the  male 
of  which,  however,  has  not  yet  been  discovered.  It  seems  probable, 
moreover,  that  the  production  of  'ephippial  eggs,'  which  is  a  very  peculiar 
feature  in  the  physiological  history  of  Daphnia,  is  to  be  considered  as  a 
case  of  'larval  gemmation.'  For  the  first  trace  of  the  'ephipijium' 
presents  itself  after  the  thii'd  moult,  as  a  collection  of  green  matter  in 
the  ovaries,  which  difiers  from  a  mass  of  ova  both  in  coloui-  and  in 
appearance ;  this,  after  the  fourth  moult,  passes  from  the  ovaries  into  the 
'  matrix,'  an  open  space  between  the  back  of  the  animal  and  its  carapace ; 
and  there  becomes  developed  into  the  '  ephippium,'  which  is  a  mass  of 
hexagonal  cells  of  dense  texture,  that  encloses  two  oval  bodies,  each  con- 
sisting of  an  ovum  covered  with  a  horny  casing,  enveloped  in  a  capsule 
which  opens  like  a  bivalve  shell.  The  '  ephippium '  is  thrown-ofi"  at  the 
fifth  moult,  and  floats  on  the  water  until  the  next  year,  when  the 
young  are  hatched  with  the  returning  warmth  of  spring.  This  ciu-ious 
provision  seems  destined  to  afibrd  protection  to  the  eggs  whicli  are  to 
endure  the  severity  of  winter  cold;  and  it  is  obviously  analogous  to 
that  production  of  '  winter  eggs'  among  the  Rotifera,  which,  as  already 
pointed-out,  probably  results  from  an  act  of  gemmation,  not  from  sexual 
generation.     It  has  been  ascertained  by  Dr.  Baird,  that  the  young  pro- 
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duced  from  the  ephippial  eggs,  and  kept  in  seclusion  from  each  other,  have 
the  same  power  of  continuing  the  race  by  non-sexual  reproduction,  as  is 
possessed  by  those  developed  from  ordinary  ova.*— Although  no  propaga- 
tion by  spontaneous  fission  or  gemmation  is  known  to  take  place  among 
the  higher  Crustacea,  yet  they  retain  a  power  of  regenerating  lost  parts 
whichls  truly  astonishing,  the  complexity  of  their  organization  bemg 
considered.  This  extends  to  all  the  members,  and  seems  essentially  con- 
nected with  the  moulting  process;  the  new  Umbs  making  their  first 
appearance  when  the  sheU  has  been  cast-oflF,  and  becoming  more  and 
more  like  those  which  had  been  lost,  with  each  successive  exuviation.t 
587.  Although  it  seems  probable  that  the  Entomostraca  are  dioecious 
like  the  higher  Crustacea,  yet  the  male  of  many  species  has  not  been 
discovered ;  proba,bly  on  account  of  its  dissimilarity  to  the  female  in  size 
and  aspect,  and  from  making  its  appearance  only  during  a  very  limited 
period ;  as  is  the  case  with  many  of  which  the  males  are  known,  having 
been  seen  in  actual  congress  with  the  females.  A  single  act  of  copulation 
serves  to  impregnate,  not  merely  the  ova  which  are  then  mature  or  nearly 
so,  but  all  those  subsequently  produced  by  the  same  female,  although 
they  may  be  matured  at  considerable  intervals.  The  eggs  of  some  Ento- 
mostraca ai-e  deposited  freely  in  the  water,  or  are  carefully  attached  to 
clusters  of  aquatic  plants ;  but  they  are  more  frequently  carried  by  the 
parent  in  special  pouches,  developed  from  the  posterior  part  of  the  body 
by  an  extension  of  the  membrane  covering  the  proper  ovaries  (Figs.  60,  b, 
75,  B,  hh);  and  in  many  cases  they  are  retained  there  until  the  young 
are  ready  to  come-forth,  so  that  these  animals  may  be  said  to  be  ovo- 
viviparous.  In  the  Daphnia,  the  eggs  are  received  into  a  large  cavity 
between  the  back  of  the  animal  and  its  shell ;  and  there  the  young  un- 
dergo almost  their  whole  development,  so  as  to  come-forth  in  a  form  nearly 
resembling  that  of  their  parent.  But  in  most  Entomostraca,  the 
yoimg  come-forth  from  the  egg,  at  once  into  the  world,  in  a  condition 
that  differs  essentially  from  that  of  their  parent ;  especially  in  having  only 
the  thoracic  portion  of  the  body  as  yet  evolved,  and  in  possessing  but  a  small 
number  of  locomotive  appendages;  the  visual  organs,  too,  being  frequently 
wanting  at  first  (Fig.  60,  c — g).  The  process  of  development,  however, 
takes  place  with  great  rapidity;  the  animal  at  each  successive  moult 
(which  process  is  very  commonly  repeated  at  intervals  of  a  day  or  two) 
presenting  some  new  parts,  and  becoming  more  and  more  like  its  parent. 
In  the  case  of  the  parasitic  suctorial  Entomostraca,  the  change  of  form,  at 
least  in  the  female,  is  often  very  remarkable ;  but  it  is  occasioned  for  the 
most  part,  by  the  development  of  the  prehensile  apparatus  by  which  the 
parasite  attaches  itself  to  the  seat  it  has  selected,  and  by  the  enormous 
enlargement  of  the  ovaries  and  egg-sacs,  which  often  assume  very  strange 
forms  (Fig.  75,  c — f). — The  early  development  of  the  ovum  has  yet 
been  only  imperfectly  studied ;  but  it  would  seem  as  if  the  whole  mass  of 
the  yolk-cells  formed  by  segmentation,  goes  at  once  to  transform  itself 
into  the  embryonic  structure,  as  in  the  lower  Articulafca.J 

*  "  Natural  History  of  British  Entomostraca,"  publislied  by  the  Ray  Society,  pp.  79,  80. 

t  For  a  number  of  curious  examples  of  this  phenomenon,  see  Sii-  J.  G.  Dalyell's 
"Po  wers  of  the  Creator  displayed  in  the  Creation,"  Vol.  I.,  pp.  169,  et  seq. 

t  See  Prof.  Van  Beneden  'Sur  le  Developpement  des  Nicothoes,'  in  "Ann.  des  Sci 
Nat.,"  3"  Scr.,  Zool.,  Tom.  XIII. 
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588.  The  sexes  are  undoubtedly  distinct  among  all  the  higher  Crus- 
tacea ;  and  the  fertilization  of  the  ova  is  eflfected  by  an  act  of  copulation, 
whilst  they  are  yet  within  the  body  of  the  female.  The  Generative 
apparatus,  in  the  one  sex  as  in  the  other,  presents  this  remarkable  differ- 
ence from,  that  of  Insects,  that  the  two  lateral  halves  of  it  do  not  unite 
on  the  median  line  so  as  to  have  a  common  outlet ;  but  that  the  external 
orifices  of  the  seminal  organs  and  of  the  ovaries  are  sepai-ate  on  the  two 
sides.  This  independence  of  the  lateral  halves  of  the  sexual  apparatus 
appears  to  have  some  relation  with  the  frequency  of  '  lateral  hermaphro- 
dism '  in  this  class ;  monstrosities  being  of  no  unusual  occurrence,  in 
which  the  male  character  is  exhibited  by  the  sexual  organs  of  one  side, 
and  the  female  by  those  of  the  other.  A  progressive  complication  in  the 
structure  of  the  generative  apparatus  presents  itself,  as  we  ascend  from 
the  lower  to  the  higher  forms  of  this  division  of  the  Crustacea ;  for  whilst 
in  the  inferior  tribes  the  testes  consist  of  a  small  number  of  vesicles 
opening  into  a  common  tube  on  either  side,  each  is  made-up  in  the  higher 
of  a  mass  of  minute  convoluted  tubes  (Fig.  58,/),  opening  into  a  common 
duct,  which  is  often  dilated  into  a  receptacle  for  the  seminal  secretion ; 
and  the  ovaria,  also,  which  are  but  a  pair  of  simple  sacculi  in  the  inferior 
tribes,  show  a  division  in  the  superior  into  the  proper  ovaries  (which  are 
long  branching  cseca  communicating  with  each  other  on  the  two  sides), 
the  oviducts,  and  the  spermotheccn  or  copulatory  pouches.  The  orifices  of 
the  male  organs  are  usually  stated  to  be  in  the  first  joints  of  the  last  pair 
of  thoracic  limbs ;  and  it  has  been  supposed  that  the  first  and  second  pairs 
of  abdominal  appendages,  or  false  legs,  serve  as  exciting  organs.  From 
the  observations  of  Mr.  Spence  Bate,*  however,  it  appears  that  the  sjjer- 
matic  duct  of  each  side  passes-on  as  a  membranous  tube  from  the  base  of 
the  thoracic  duct  to  the  first  or  second  abdominal  appendage,  and  runs 
to  the  extremity  of  this,  which  thus,  as  it  is  introduced  into  the  female 
canals,  becomes  a  true  penis  or  intromittent  organ.  The  spermatic  fiuid, 
received  and  stored-up  in  the  spermotheca  whilst  it  is  itself  immature 
(§  521),  may  remain  there  for  a  considerable  time,  and  may  fertilize 
ova  which  are  far  from  being  completely  developed  at  the  time  of  copu- 
lation. The  fertilized  ova,  after  theii"  extrusion  from  the  oviduct,  are 
usually  carried-about  by  the  female  parent,  supported  either  by  the 
thoracic  or  by  the  abdominal  appendages,  until  the  embryo  is  nearly 
ready  to  come-forth ;  and  special  provisions  for  their  protection  are  afibrded, 
in  many  Crustacea,  by  the  peculiar  development  of  these  appendages. 

589.  The  early  stages  of  embryonic  Development  in  the  Crustacea 
have  not  yet  been  fully  made-out.  It  would  seem  as  if,  in  the  Decapods 
(as  in  the  Arachnid  a),  the  germinal  membrane  springs  from  a  spot  on 
one  side,  instead  of  arising,  as  in  Insects,  out  of  the  peripheral  portion  of 
the  '  mulberry  mass'  by  the  more  minute  subdivision  of  its  cells.  How- 
ever, it  gradually  extends  itself  roimd  the  yolk,  the  dorsal  region,  as  in 
Insects,  being  the  last  to  close-in ;  and  whilst  it  is  yet  but  a  disk  on  one 
side  of  the  yolk,  it  exhibits  a  distinct  separation  between  the  cephalic  por- 
tion and  the  trunk,  other  indications  of  segmental  division  making  them- 
selves apparent  as  the  development  proceeds.  Here,  too,  as  in  Insects, 
the  parts  about  the  mouth  are  the  first  to  attain  some  degree  of  complete- 
ment.    The  relation  which  the  young  Crustacean,  at  the  time  of  its 

*  "Ann.  of  Nat.  Hist.,"  2nd  Ser.,  Vol.  VI.,  p.  109. 
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emersion  from  the  egg,  bears  to  the  adult,  seems  to  differ  greatly  m 
different  tribes,  and  even  in  genera  which  are  closely  allied;  some,  as  the 
Astacus  Jluviatilis  (cray-fish)  and  the  Gecm-dnus  (land-crab),  coming-forth 
in  a  form  which  corresponds  in  all  essential  particulars  with  that  of  the 
parent;  whilst  in  others,  as  the  Astacus  marinus  (lobster),  Fahnwrus 
(rock-lobster),  Falemon  (prawn),  Crangon  (shrimp),  and  Carcinus  mcenas 
(common  crab),  the  form  of  the  young  at  the  time  of  its  emersion  differs 
greatly  from  that  of  the  parent,  which  is  only  acquired  after  such  a  series 
of  changes  as  constitutes  a  true  metamorphosis.    In  most  of  the  latter 
cases,  besides  other  alterations,  an  increase  (which  is  sometimes  very  con- 
siderable) takes  place  in  the  number  of  segments;  it  is  not  due,  however, 
as  in  Annelida  and  Myriapoda,  to  the  repeated  subdivision  of  the  terminal 
or  penultimate  segment  only;  for  the  last  segment  of  each  of  the  three 
great  divisions  of  the  body,  the  head,  the  thorax,  and  the  abdomen,  seems 
to  possess  the  gemmiparous  power,  so  that  the  number  of  segments  in 
each  of  these  regions  is  separately  augmented.    Generally  speaking,  a 
strong  resemblance  exists  among  the  young  of  all  the  species  which 
imdergo  a  metamorphosis;  the  head  and  thorax  being  included  within 
a  large  carapace  (Fig.  77,  a),  while  the  abdominal  portion  is  so  much  de- 
veloped as  to  make  up  the  chief  part  of  the  length  of  the  body ;  and  the 
thoracic  segments  being  furnished  with  '  fin-feet,'  whilst  the  abdominal 
segments  are  destitute  of  appendages,  the  last,  however,  being  flattened- 
out  into  a  large  tail-fin.    In  this  condition,  they  bear  so  strong  a  resem- 
blance to  some   forms   of  Entomostraca,  as  to  have  been  actually 
mistaken  for  members  of  that  group.    In  the  Macrowrous  Decapods 
(lobster,  prawn,  &c.),  the  metamorphosis  chiefly  consists  in  the  replacement 
of  the  thoracic  fin-feet  by  true  locomotive  appendages  and  by  a  special 
apparatus  of  respiration  (§  294),  and  in  the  development  of  abdominal 
appendages  and  of  peduncles  to  the  eyes.    But  in  the  Brachyoura  (Crabs, 
&c.),  a  much  more  complete  change  takes  place ;  the  thorax  being  gradually 
developed  at  the  expense  of  the  abdomen,  which  becomes  rudimentary; 
the  swimming  members  being  replaced  by  limbs  fitted  only  for  walking, 
whilst  those  of  the  anterior  parr  are  developed  into  large  chelm  or  claws 
(Fig.  77,  B,  c,  d);  and  a  special  respiratory  apparatus  being  developed  be- 
neath the  carapace,  the  eyes  also  becoming  pedunculated,  asinMacroura.* 
590.  The  mode  in  which  the  generative  operation  is  performed  in  the 
group  of  CirrMjoeds,  the  real  rank  of  which  seems  to  be  that  of  a  sub-class 
of  Crustacea  (§  14),  presents,  according  to  the  recent  researches  of  Mr.  C. 
Darvvin,  some  extremely  curious  phenomena,  t    In  most  of  the  species 
of  this  group,  each  individual  possesses  both  kinds  of  sexual  organs,  and 
appears  to  be  self-fertilizing.    The  testes,  which  are  small  and  leaden- 
coloured,  lie  in  apposition  with  the  stomach,  sometimes  entering  the  basal 
segments  of  the  members,  and  extending  (in  the  pedunculated  division  of 
the  group)  into  the  pedicles;  their  ducts  are  furnished  with  a  parr  of  large 
vesiculse  seminales;  and  from  these  proceed  two  canals,  which,  unitinor 


The  Metamorphosis  of  Cnistacea  was  first  brought  to  light  by  Mr.  V.  Thompson 
Zoological  Eesearches,"  Parti.,  aiid"Philos.  Transact.,"  1835;  his  observations  have 

been  confirmed  by  Ducane,  Kathke,  Goodsir,  and  R.  Couch ;  an  admirable  summary  of 

whose  investigations  is  contained  in  the  Introduction  to  Prof.  T.  Bell's  "  History  of  thp 

British  htalk-Eyed  Crustacea." 
t  See  his  "  Monograpli  on  the  Sub-Class  Cirripedia,"  published  by  the  Ray  Society 

and  the  Art.  '  Cirripedia' in  the  "  English  Cyclopedia."  ^' 
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into  a  Single  tube,  convey  the  fluid  to  a  proboscidiform  penis  (Fig.  5  a) 
otten  of  considerable  length,  and  articulated  like  the  cirrhi.  The  female 
genital  organs  are  far  more  massive,  occupying,  in  the  pedunculated  divi- 
sion, a  great  part  of  the  cavity  of  the  pedicle  with  branching  tubes,  as 
well  as  forming  a  pair  of  large  compact  glandular  masses  in  the  body 
itself;  the  relative  functions  of  these  two  parts  are  not  certainly  known, 
but  it  seems  not  unlikely  that  (as  in  many  Entozoa)  the  former  may 
supply  the  vitelline  cells,  and  the  latter  the  germinal  vesicles.  The  ova 
of  the  Lepadidm,  when  mature,  burst-forth  from  the  ovarian  tubes  in  the 
peduncle  and  round  the  '  sack'  (or  mantle-like  investment  of  the  body) ; 
and,  by  some  means  yet  imperfectly  understood,  become  aggregated  into 
two  lamellar  masses,  that  enfold  the  body  almost  like  the  valves  of  a 
bivalve  shell,  and  are  attached  to  it  by  a  fold  of  skin  on  each  side.  These 
lamellae  remind  us  of  the  egg-sacs  of  the  Rotifera  and  Entomostraca 
(Figs.  60,  75) ;  the  investment  of  the  ova,  however,  seems  to  be  formed, 
not  as  in  these  groups  by  a  projection  of  the  membrane  of  the  proper 
ovaries,  but  by  an  extension  of  the  corium  between  the  old  outer  integu- 
ment which  is  about  to  be  exuviated,  and  the  new  chitine  tunic  formed 
within.  The  ova  are  probably  impregnated  after  their  escape  from  the 
ovaries,  when  they  first  find  their  way  into  the  '  sack,'  and  whilst  the 
membrane  of  the  lamellae  is  yet  tender  ;  and  they  remain  in  the  lamellfe 
until  the  embryoes  are  fit  to  come-forth.  A  general  account  of  the  sub- 
sequent phases  of  their  development  (the  early  stages  of  which  are  passed- 
through  within  the  '  sack'  of  the  parent)  has  already  been  given  (§  14). 

591.  Although  hermaphrodism  is  the  general  rule  in  this  group,  yet 
there  are  exceptions  to  this ;  for  in  certain  species  of  Ibla,  Scalpellum, 
Alcippe,  and  Cri/jytophialus,  the  sexes  are  sej^arate,  and  the  males  (as  in 
many  Entomostraca)  are  very  inferior  in  size,  and  even  (as  in  some 
Rotifera)  extremely  imperfect  in  organisation.  In  Ibla,  the  male  is 
attached  to  the  'sack'  of  the  female;  it  has  a  well-organized  mouth  sup- 
ported on  a  peduncle,  but  has  no  more  than  a  rudiment  of  the  thorax,  and 
only  two  pairs  of  aborted  cirrhi.  In  some  species  oi  Scalpellum,  the  males, 
though  small,  and  attached  within  the  valves  of  the  female,  have  the  or- 
dinary structure  of  pedunculated  Cirrhipeds;  but  in  other  species  they 
are  far  less  completely  developed,  consisting  merely  of  a  sac,  with  rudi- 
ments of  four  valves,  inclosing  a  singularly-modified  thorax,  with  only 
four  pairs  of  appendages  which  cannot  be  called  cirrhi,  and  being  destitute 
of  mouth  and  stomach.  The  males  of  Gryptophialus  and  Alcip2ye  are  even 
more  rudimentary;  for  they  are  reduced  to  an  outer  envelope,  a  single 
eye,  testes,  vesicula  seminalis,  and  a  wonderfully-elongated  proboscidi- 
form male  organ;  thei-e  being  neither  mouth,  stomach,  thorax,  abdomen, 
nor  cirrhi.  It  may  be  doubted  whether  there  exist  in  the  whole  animal 
kingdom,  any  creatures  in  a  more  rudimentary  condition  than  these  males. 
As  they  do  not  possess  a  mouth  or  stomach,  they  are  necessarily  short- 
lived. The  pupa  fixes  itself  on  the  female,  becomes  cemented  to  her, 
undergoes  its  last  metamorphosis,  and  becomes  a  male  Cirrhipede;  the 
spermatozoa  are  matured  and  discharged;  the  male  dies,  decays,  and 
generally  drops-ofi";  and  it  is  succeeded,  when  the  ova  in  the  female  are 
next  ready  for  impregnation,  by  one  or  more  fresh  males.  Omng  appa- 
rently to  the  small  size  of  the  males,  there  is  usually  more  than  one 
attached  to  the  female  at  the  same  time ;  and  in  the  case  of  Alcippe  lampas, 
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Mr  Darwin  found  no  less  than  thirteen  of  these  singular  parasitic  and 
rudimentary  males  attached  to  a  single  female  — It  is  still  more  singular, 
however  that  in  the  hermaphrodite  species  of  Ibla  and  Scalpellwm,  there 
should  be  found  males  resembling  those  of  the  unisexual  species,  and 
attached  in  a  similar  manner.  These  are  termed  by  Mr.  Dai™  '  com- 
plemental  males,'  inasmuch  as  they  seem  complementary  m  function  to  the 
male  organs  of  the  hermaphrodite.  Although  we  have  no  known  parallel 
case  in  the  Aaimal  Kingdom,  yet  the  Vegetable  world  furnishes  many 
analogous  instances;  it  not  being  at  all  uncommon,  especially  aniong  the 
Gomjwsitce,  to  find  male  flowers  (often  in  a  rudimentary  condition,  like 
the  '  complemental  males'  of  Cirrhipeds)  superadded  to  perfect  henna- 
phi-odite  flowers.  Within  the  limits  of  the  two  genera  just  named,  there- 
fore, we  have  the  following  singular  varieties : — 1st,  a  female,  with  a 
male  (or  rarely  two)  permanently  attached  to  her,  protected  by  her,  and 
nourished  by  any  minute  animals  that  may  enter  her  sac :  (2nd)  a  female, 
with  successive  paii-s  of  short-lived  males,  destitute  of  mouth  and  stomach, 
inhabiting  two  pouches  formed  on  the  under-sides  of  her  valves ;  (3rd) 
a  hermaphrodite  with  a  male  (occasionally  two  or  three)  attached  to  the 
interior  of  the  valves,  and  capable  of  seizing  and  devouring  prey  in  the 
ordinary  Cirrhipedal  method:  and  (4th),  a  hermaphrodite,  with  from 
one  or  two,  up  to  five  or  six,  short-lived  males,  without  mouth  or  stomach, 
attached  to  one  particular  spot  on  each  side  of  the  orifice  of  the 
capitulum.* 

592.  In  the  class  Arachnida,  there  does  not  exist,  so  far  as  is  yet 
known,  any  example  of  Gemmiparous  reproduction ;  though  looking  to 
the  very  low  grade  of  development  of  some  of  the  Acaridce  (mites,  &c.), 
and  the  embryonic  condition  in  which  some  of  their  organs  and  tissues 
remain,  it  would  not  seem  improbable  that  the  same  mode  of  multiplica- 
tion may  present  itself  among  them,  as  we  have  seen  to  exist  in  the 
Aphides  and  in  certain  Entomostracous  Crustacea.  This  expectation 
may  seem  to  be  justified  by  the  large  amount  of  regenerative  power 
(another  manifestation  of  the  same  '  germinal  capacity'),  "which  exists  even 
in  the  highest  Arachnida;  for  this  extends,  as  in  the  Crustacea,  to  the 
reproduction  of  entire  limbs. — The  sexes  are  separated  in  all  but  the 
lowest  members  of  this  class;  and  the  ova  are  fertilized  by  a  complete 
congress,  which  is  accomplished  among  the  Araneidce  in  a  very  curious 
manner.  The  spermatic  organs  of  the  male  Spider  are  two  long  worm- 
like  tubes,  which  commence  at  the  posterior  end  of  the  abdomen,  either 
by  a  simple  cjecal  termination,  or  by  an  oblong  vesicle;  and  which 
terminate,  either  by  a  single  or  double  orifice,  on  a  slit  in  the  integument 
of  the  under  side  of  the  abdomen,  near  its  anterior  extremity,  in  a 

*  "As  I  am  summing-up,"  says  Mr.  Darwin  (Op.  cit.,  p.  293),  "the  singularity  of 
the  phenomena  here  presented,  I  will  allude  to  the  marvellous  assemblage  of  beings  seen 
by  me  within  the  sack  of  an  Ihla  quadrivalvis ; — namely,  an  old  and  young  male,  both 
minute,  worm-like,  destitute  of  a  capitulum,  with  a  great  mouth,  and  rudimentary  thorax 
and  limbs,  attached  to  each  other  and  to  the  hermaphrodite,  which  latter  is  utterly  dif- 
ferent in  appearance  and  structure ;  secondly,  the  four  or  five  free  boat-shaped  larvte,  with 
their  curious  prehensile  antennas,  two  great  compound  eyes,  no  mouth,  and  six  natatory 
legs ;  and  lastly,  several  hundreds  of  the  larvffiin  their  first  stage  of  development,  globular, 
with  horn-shaped  projections  on  their  carapaces,  minute  single  eyes,  filiform  antennte' 
probosciformed  mouths,  and  only  three  pair  of  natatory  legs;— what  diverse  beings,  with 
scarcely  anything  in  common,  and  yet  all  belonging  to  the  same  species." 
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position  corresponding  to  tliat  of  the  vulva  of  the  female.  The 
palpi,  however,  contain  the  organs  by  wliich  the  spermatic  fluid  is 
introduced;  each  of  these  being  furnished  with  a  tubular  projection, 
terminated  by  a  horny  appendage,  which,  when  not  in  use,  Ls  retracted 
within  the  last  joint  of  the  palp.  No  connection  whatever  can  be  traced 
between  the  organs  wliich  prepare  the  spermatic  fluid,  and  these  intro- 
mittent  instruments;  nevertheless  it  has  been  ascertained  by  repeated 
observations,  that  no  closer  sexual  congress  takes  place,  than  the  intro- 
duction of  these  appendages  of  the  palpi  within  the  vulva  of  the  female ; 
and  it  would  seem  probable  that  the  male  himself  applies  these  appendages 
to  his  abdominal  aperture,  and  charges  them  with  the  fertilizing  fluid, 
before  the  act  of  intromission.  The  ovarium  of  the  female  Spider  is  a 
simple  elongated  vesicle,  closed  at  one  extremity,  and  communicating  at 
the  other  with  a  slender  oviduct,  that  terminates  at  the  corresponding 
side  of  the  transverse  fissure,  which,  as  in  the  male,  is  situated  between 
the  anterior  pulmonic  cavities;  when  this  ovarium  is  dilated  with 
ova,  it  occupies  a  considerable  part  of  the  abdominal  cavity.  The 
peculiar  mode  of  sexual  congress  just  described,  seems  to  have  relation  to 
the  remarkable  instinct  which  prompts  the  female  spider  to  attack  and 
devour  the  male,  as  soon  as  the  fertilization  of  her  ova  is  accomplished ; 
which  her  superior  size  and  strength  enable  her  to  do,  if  he  remain  within 
her  reach.  It  is  obvious  that  if  the  orifice  of  his  sexual  canal  were  applied 
to  hers,  his  danger  would  be  augmented  with  this  closer  approximation. 
It  is  curious  that,  with  such  an  instinct  towards  the  opposite  sex,  the 
attachment  displayed  by  the  female  towards  her  oifspring  should  be  of 
most  extraordinary  strength.  The  ova  are  generally  enveloped  in  a  soft 
and  warm  silken  cocoon,  which  she  guards  with  the  most  jealous  care. 
Some  species  carry  this  about  with  them ;  others  attach  it  to  trees,  or 
hide  it  in  empty  snail-shells.  Within  this  the  young  remain  until  their 
development  is  completed,  and  they  then  make  their  way  out.  The 
mother  generally  foregoes  all  nourishment  during  her  watch ;  and  if  the 
young  are  prevented  by  the  coldness  of  the  weather  from  coming-forth  at 
the  accustomed  time,  she  will  die  of  hunger  rather  than  quit  her  post. — 
In  the  Scorjnonidce,  the  testes  and  ovaria  are  formed  upon  the  same 
general  plan  as  in  the  Araneidte,  but  are  more  complex  in  their  structure ; 
the  outlet  by  which  they  terminate  is  situated  at  the  middle  of  the  under 
side  of  the  last  segment  of  the  thorax;  and  as  the  palpi  are  destitute  of 
the  peculiar  appendages  which  they  possess  in  the  Spiders,  it  is  probable 
that  they  do  not  take  any  share  in  the  sexual  operation.  The  ova  are 
retained  in  a  dilatation  of  the  oviduct,  until  the  young  are  mature ;  so 
that  the  egg-case  is  ruptured  within  the  body  of  the  parent,  and  the  young 
are  born  alive. — There  seems  reason  to  believe  that  in  some,  at  least,  of 
the  Acaridce,  the  sexes  are  united;  and  in  the  larger  proportion  of  this 
order,  there  appears  to  be  no  definite  ovarium,  the  ova  being  lodged  in  the 
general  substance  of  the  tissues.  ?   •  7  i 

593.  The  history  of  the  embryonic  Development  of  the  Arachmda  has 
hitherto  been  chiefiy  studied  in  the  Spider;  and  the  observations  of 
Herold  *  upon  this  point,  valuable  as  they  are,  leave  much  to  be  eluci- 
dated in  the  early  Hstory  of  the  process.    The  vitelline  sac  is  invested 

*  "De  Generatione  Aranearum  in  Ovo,"  1824;  also,  for  the  Scorpionidce,  Kolliker  in 
"Mnller's  Archiv.,"  1843. 
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in  an  outer  tcgiimeut,  oi*  cliorion;  and  between  the  two  is  a  layer  of 
albumen,  as  in  the  Fowl's  egg.  The  vitellus,  as  in  the  ovum  of 
Cephalopods,  Fishes,  and  Birds,  consists  of  two  pai-ts,  the  '  germ-yolk,' 
and  the  '  food-yolk and  it  is  the  former  alone,  which  undergoes  the  pro- 
cess of  cleavage.  A  cicatricula,  or  '  germ-spot,'  is  thus  formed  on  one  side 
of  the  pi'incipal  mass  of  the  yolk ;  and  from  this  a  cellulo-membi-auous 
expansion  takes  place,  which  gradually  invests  the  whole  vitellus ;  the 
part  which  is  to  become  the  dorsal  region  of  the  animal,  being,  as  in 
other  Articulata,  the  last  to  close-in.  A  thickening  of  this  '  germinal 
membrane'  takes  jih^ce  in  the  seat  of  the  original  germ- spot;  and  it  is 
here  that  the  foundation  is  laid  for  the  development  of  the  principal 
organs.  In  the  first  place,  the  part  which  is  to  become  the  cephalic 
segment  is  separated  by  a  constriction  from  the  princij^al  mass;  the  four 
segments  of  the  thorax  are  indicated  by  parallel  fissures  on  either  side ; 
and  the  abdominal  j^ortion  is  marked-off  by  a  deeper  constriction.  The 
rudiments  of  the  princij)al  appendages  to  the  head  soon  begin  to  bud 
forth  from  the  cej^halic  segment;  and  the  characteristic  group  of  sim2:)le 
eyes  early  shows  itself.  The  rudiments  of  the  thoracic  members  soon 
appear,  buddiug-forth  from  their  respective  segments;  and  the  simple 
alimentary  canal  is  formed  around  the  vitelline  mass,  at  fiirst  wide,  but 
gradually  contracting,  as  the  material  of  the  yolk  is  appropriated  to  the 
formation  of  the  tissues.  The  mouth  and  anus,  as  in  other  cases,  do  not 
make  their  appearance  imtil  a  later  period ;  but  even  up  to  tliis  time, 
although  the  posterior  part  of  the  dorsal  vessel  is  seen  along  the  upper 
curvature  of  the  abdomen,  the  integument  has  not  completely  closed-in 
over  the  dorsal  portion  of  the  thorax.  This  closure,  however!^  gi-adually 
takes  place;  the  cej)halic  and  thoracic  members  are  perfected;  the  deve- 
lopment of  the  internal  organs  advances  in  a  corresponding  degree  ;  and 
the  young  Spider  comes-foii;h  from  the  egg  in  a  form  and  condition  which 
cUflfer  veiy  little  from  that  of  its  parent,  whose  size  it  gradually  attains 
by  simple  growth. — Thus  the  whole  nisus  of  development  in  the  Spider 
appears  to  be  directed,  even  from  the  earliest  period,  to  the  evolution  of 
the  complete  organism;  and  no  part  can  be  said  to  be  evolved  for  a  mere 
temporary  purpose,  the  entire  germinal  membrane  remaining  persistent 
as  the  integument  of  the  Animal.— Among  the  Acmidm,  the  ova  are 
generally  deposited  and  left  to  themselves,  the  young  coming-forth  in  due 
time  m  a  form  resembling  that  of  their  parents,  except  that  they  have 
only  six  legs  instead  of  eight,  the  deficient  pair  being  supiilied  at  the  first 
moult. 

594.  In  no  animal  belonging  to  the  Vertebrated  series,  do  we  ever  wit- 
ness the  least  approach,  after  its  characteristic  form  has  been  attained  to 
the  F-oduction  of  a  distinct  individual  by  Gemmation;  but,  as  already 
stated  (§  47o),  a  partial  separation  may  take  place  in  the  germinal  mass 
at  an  early  period  of  its  development,  which  may  give  rise  to  the  subse- 
quent evolution  of  supernumerary  parts,  or  even  to  the  duplication  of  the 
entire  structure.  This  mode  of  explaining  the  phenomena  of  '  monstrosity 
by  excess  is  the  only  one  that  can  be  applied  with  the  least  show  of  pro- 
bability to  cases  oi  '  laonstrosifcy  by  inclusion.'  In  these  last,  organs  and 
tissues  that  seem  like  fragments  ofafcetal  body,  are  found  imbedded 
in  the  midst  of  anof^her  organism;  and  this  not  Merely  in  the  bodie  of 
female-s,  m  which  their  presence  might  be  attributed  to  the  abnormal 
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development  of  the  normal  generative  products;  but  in  those  of  males,  in 
which  no  such  origin  could  be  assigned  to  them,  and  in  which  gemmation 
at  an  early  period  of  embryonic  life  seems  the  only  admissible  alternative. 
— The  only  indication  of  the  persistence  of  this  '  germinal  capacity '  in 
the  organism  which  has  once  attained  the  Vei-tebrated  type,  Ls  that  which 
is  exhibited  in  the  restoration  or  reparation  of  lost  or  injured  parts; 
and  on  this  point  there  is  nothing  to  add  to  what  has  been  already 
stated  (§  475). 

595.  The  type  of  the  true  Generative  apparatus  in  the  class  of  Fishes, 
presents  little  elevation  above  that  which  it  possesses  in  the  higher  Inver- 
tebrata.  For  both  the  testes  and  ovaria  of  the  greater  number  of  Osseous 
Fishes  seem  to  be  constructed  upon  the  same  plan  Avith  those  of  the 
Cephalopoda ;  each  of  these  organs  having  a  common  cavity  into  which 
their  products  are  received,  and  from  which  they  are  directly  conveyed  to 
the  outlet  by  an  efferent  duct.  In  all  the  Cartilaginous  Fishes,  however, 
and  in  a  few  of  the  Osseous,  the  arrangement  resembles  that  which  pre- 
vails among  the  higher  Yertebrata;  for  the  ovary  is  unprovided  with  an 
excretory  duct,  and  the  ova,  when  set-free  from  it,  fall  into  the  cavity  of 
the  abdomen.  In  the  Cyclostome  fishes,  they  find  their  way  out  of  this 
cavity  by  a  simple  orifice  situated  behind  the  anus;  an  arrangement  that 
reminds  us  of  that  which  exists  in  the  Earth-worm.  In  the  Sharks  and 
Rays,  on  the  other  hand,  the  margin  of  the  orifice  is  prolonged  inwards, 
so  as  to  form  a  sort  of  funnel,  into  which  the  ova  are  received  when 
they  escape  from  the  ovary,  and  which  conveys  them  towards  the  outlet ; 
an  arrangement  that  obviously  foreshadows  the  genital  canal  and  the 
Fallopian  tubes  of  Mammalia. — In  the  Osseous  Fishes  generally,  there  is 
no  sexual  congress;  but  the  ova  discharged  by  the  female  are  fertilized 
by  the  seminal  fluid  diffused  through  the  water  of  the  neighbourhood 
by  the  male.  In  the  case  of  the  Stickleback  and  a  few  other  fishes, 
however,  which  construct  nests,  it  appears  that  when  the  ova  have  been 
deposited  in  these,  the  male  discharges  his  seminal  fluid  upon  them.  Of 
the  ova  for  whose  fertilization  no  such  special  provision  exists,  a  large 
proportion  are  likely  to  be  unproductive ;  and  of  the  yoimg  actually 
hatched,  the  greater  number  soon  perish  for  want  of  protection  by  their 
parents,  falling  a  prey  to  the  voracity  of  other  flshes.  Hence  arises  the 
necessity  for  the  enormous  fecundity  of  these  animals,  and  for  the  size  of 
their  generative  organs.  It  has  been  calculated  that  above  a  million  of 
eggs  are  produced  at  once  by  a  single  Cod ;  and  m.  other  species  the 
amount  may  be  stUl  greater.  A  very  curious  fact  in  the  histoiy  of  the 
generative  system  of  Fishes,  is  that  the  male  is  frequently  capable  of  the 
i-eproductive  act,  when  far  from  his  own  full  growth.  Several  mistakes 
have  arisen  from  this  source ;  the  yoimg  with  fully-developed  nults  having 
been  mistaken  for  adults;  and  having  been  described  as  distinct  species, 
on  account  of  the  difference  of  their  &rie  and  markings,  both  of  which 
subsequently  undergo  a  change.  Thus  the  fish  commonly  known  as  the 
Parr,  is  actually  the  young  of  the  Salmon  in  the  second  year. — Among 
the  Ca/rtilaginous  Fislies,  on  the  other  hand,  the  fertilization  of  the  ova  is 
usually  efiected  whilst  they  are  yet  within  the  oviducts,  by  an_  actual 
congress  of  the  sexes;  and  there  are  several  of  these,  in  which  the 
embrvo  undergoes  nearly  its  entire  development  within  the  body  of  the 
parent,  so  that  the  young  are  produced  alive.    In  some  species  of  Eay 
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aiul  Shark,  the  oviduct  is  found  to  have  a  sort  of  iiterine  enlargement 
near  its  termination,  in  which  the  ova  are  delayed  for  some  time,  and  in 
which  they  receive  a  degree  of  additional  assistance  from  the  parent, 
which  foreshadows  the  more  complex  provision  for  this  object  in  Mam- 
malia. There  is  no  direct  communication  between  the  blood-vessels  of 
the  parent  and  those  of  the  foetus;  but  the  membranes  of  the  latter 
absorb  nutriment  from  the  extremely  vascular  lining  of  the  oviduct  of 
the  former,  to  such  an  extent  that,  in  the  Torpedo,  the  weight  of  the 
matiu-e  foetus  is  between  two  and  three  times  that  of  the  egg.*  The  ova 
of  the  higher  Cartilaginous  fishes,  iu  which  their  fertilization  is  secured 
by  sexual  congress,  and  in  which  a  provision  of  some  kind  exists  for  their 
protection  during  the  period  of  embryonic  development,  are  much  fewer 
in  number  than  those  of  the  Osseous. — One  of  the  most  curious  provi- 
sions for  the  early  protection  of  the  offspring  in  this  class,  is  that  which 
we  find  in  the  Syngnathidce  or  Pipe-fishes.  The  male,  in  most  of  these, 
has  a  pouch  on  the  under  side  of  its  body,  formed  by  the  meeting  of  two 
folds  of  skin;  into  this,  the  eggs  deposited  by  the  female  are  conveyed; 
and  here  they  remain,  until  the  young  attain  a  considerable  degree  of 
develoi^ment.  Even  when  able  to  swim  about  by  themselves,  they  seek 
the  protection  afibrded  by  this  curious  contrivance;  which  closely 
resembles  that  with  which  we  are  familiar  in  the  Marsupial  MammaHa, 
differing  from  it,  nevertheless,  in  the  absence  of  any  special  means  of 
affording  nutrition  to  the  embryo.  In  some  species  of  this  group,  how- 
ever, the  pouch  is  absent;  but  the  ova  are  received  into  a  set  of  hemi- 
spherical depressions  on  the  under  side  of  the  abdomen,  to  which  they 
attach  themselves  by  their  gelatinous  envelope.  The  Gohius  niger  con- 
structs a  regular  nest  among  sea-weeds,  in  which  it  deposits  its  ova;  and 
these  it  watches  with  maternal  care  until  they  are  hatched,  A  very 
elaborate  nest  is  constructed  by  the  male  of  the  fresh- water  Stickleback  ; 
and  it  is  carefully  watched  by  him  during  the  period  of  embryonic 
development,  in  order  to  guard  the  eggs  from  the  voracity  of  the  females, 
who  are  continually  endeavouring  to  make  a  prey  of  its  contents, 

596.  In  Reptiles,  we  find  the  Generative  apparatus  exhibiting  a  mani- 
fest advance,  in  degree  of  organization,  from  the  highest  form  in  which 
it  exists  in  Fishes ;  and  the  fertilization  of  the  ova  is  not  left  to  the 
chance-contact  of  the  seminal  fluid  that  may  have  been  dispersed  through 
the  neighbouring  water,  but  is  either  accomplished  before  they  have  been 
expelled  from  the  female  passages,  by  the  introduction  of  the  seminal 
flmd  withm  these,  or  in  the  very  act  of  expulsion.  The  latter  is  the 
^se  in  the  Frog  and  its  allies ;  the  former,  in  most  of  the  higher 
Keptiles,  many  of  Avhich  possess  a  penis  or  intromittent  organ  The 
'testes'  or  spermatic  organs  of  Frogs  shew  an  approach  to  the  structure 
which  IS  characteristic  of  higher  Vertebrata,  being  composed  of  an  aggre- 
gation of  numerous  short  caeca,  the  representatives  of  the  tubuli  semi- 
niferi ;  but  they  discharge  their  secretion  by  several  excretory  ducts 
which  open  into  the  ureters,  instead  of  uniting  into  a  distinct  spermatic 
canal  or  'vas  deferens.'    The  ovaries  of  the  female  are  composed  of 

*  In  these  animals,  the  temporary  branchial  filaments  are  extremely  long,  and  at)Dear 
to  serve  as  specml  absorbing  organs  ;  in  Dr.  Davy's  opinion,  their  function  fa  particE?v 

Seehis^AnatomirrS?. 
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duplicatures  of  a  vascular  membrane  in  whicli  tlie  ova  are  developed,  and 
these  lie  in  the  posterior  or  pelvic  poi-tion  of  the  visceral  cavity  ;  but,  on 
the  other  hand,  the  oviducts  are  prolonged  forwards  nearly  as  far  as  the 
heart,  and  there  terminate  by  open  fimbriated  extremities ;  the  ova, 
therefore,  set-fi'ee  in  the  abdominal  cavity  by  dehiscence  from  the  svirface 
of  the  ovary,  must  travel  from  the  posterior  towards  the  anterior  extre- 
mity of  the  visceral  cavity,  before  they  can  enter  the  dilated  orifice  of 
the  oviduct  which  is  to  convey  them  forth. — In  the  higher  Reptiles,  the 
testes  exhibit  a  decided  advance  in  development,  in  the  greater  length 
and  convolution,  and  in  the  diminished  multiplication,  of  the  tubuli 
seminiferi ;  and  the  products  of  each  testis  are  collected  into  a  single 
excretory  duct  or  'vas  deferens,'  which  does  not  open  into  the  ureter,  but 
cither  discharges  the  spermatic  fluid  into  the  cloaca,  or  is  continued  as  a 
groove  along  the  penis,  and  conveys  the  fluid  to  its  extremity.  The 
internal  orifices  of  the  oviducts  in  the  female  approach  more  closely  to 
the  ovaries ;  and  these  organs  present  a  more  compact  structure.  The 
oviducts  invariably  open  externally  into  the  cloaca,  and  the  ova  are 
usually  discharged  soon  after  fertilization,  if  not  before.    In  Batrachia, 
Ophidia,  and  Sauria,  however,  there  are  certain  species  which  retain 
their  ova  in  a  sort  of  uterine  cavity  formed  by  a  dilatation  of  the  oviduct 
near  its  extremity,  until  the  development  of  their  contained  embryo  is  so 
far  advanced,  that  the  enveloping  membrane  raptures  in  the  very  act  of 
the  expulsion  of  the  ovum,  or  even  previously,  so  that  the  young  are 
born  alive.    This  is  normally  the  case,  for  example,  with  the  Land  Sala- 
mander, and  frequently  also  with  the  Viper,  Slow-worm,  and  common 
Lizard ;  the  egg  being  retained  until  the  embryo  has  attained  its  full 
development,  and  the  enveloping  membrane  being  usually  burst  (as  Mr. 
Bell*  considers)  in  the  act  of  parturition.   With  these  animals,  as  indeed 
with  all  Reptiles,  a  high  degree  of  heat  is  necessary  for  the  maturation 
of  the  eggs;  a  portion  of  this  heat  seems  to  be  developed  within  the 
body  of  the  parent  herself,  by  some  peculiar  excitement  of  the  calorify- 
ing  power  which  these  animals  possess  (§  444) ;  but  the  gravid  female 
may  often  be  seen  basking  in  the  sun,  acquiring  from  its  rays  the  caloric 
which  she  is  not  herself  capable  of  generating.— In  the  oviparous  Rep- 
tiles, it  is  not  common  to  find  the  parent  afibrding  any  protection  to  the 
esgs  when  once  deposited,  or  to  the  young  produced  from  them.  The 
Fipa  Americana  (Surinam  Toad),  however,  is  an  exception;   in  this 
species,  the  female  has  on  her  back  a  number  of  cells  hollowed  in  the 
integument;  in  these  the  eggs  are  placed  by  the  male,  when  she  has 
deposited  them;  and  here  they  remain  for  about  80  days,  dui^mg  which 
time  the  embryoes  undergo  their  metamorphosis,  so  as  to  come  forth  as 
perfect  Frocks     It  has  been  satisfactorily  determined  that  the  gelatinous 
mass  in  which  the  ova  of  Frogs  are  imbedded,  serves  for  the  first  nutri- 
ment of  the  young  Tadpoles  on  their  emergence  from  the  egg;  and  the 
same  is  probably  the  case  in  many  other  instances. 

597  In  Birds,  the  generative  apparatus  does  not  manifest  any  great 
advance  beyond  the  form  it  presents  in  Reptiles;  but  there  ^^l;;^^^^ 
provision  for  the  fertilization  of  the  ova,  by  sexual  congress,  soon  aftei 
S  ^have  been  discharged  from  the  ovaj-ia.  The  '  testes  -^^^^^^^^ 
organs  of  the  male,  are  compact  bodies  of  a  globular  or  elongated  foim, 
*  "  History  of  Britisli  Reptiles,"  pp.  35,  63. 
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situated  close  to  the  upper  part  of  the  kidneys;  they  arc  composed,  as  in 
the  Mammalia,  of  long  convoluted  tubulij  and  they  undei-go  a  remarkable 
development  at  the  epoch  of  sexual  activity,  their  size  being  then  from 
twenty  to  fifty  times  as  great  as  it  is  at  other  periods.  The  left  testis  is 
Generally  the  largest;  but  we  never  find  it  alone  developed,  and  the  right 
testis  sometimes  equals  it  in  size.  The  two  seminal  ducts  discharge  them- 
selves into  the  cloaca  by  two  distinct  orifices;  and  a  pair  of  papillary 
elevations  in  which  these  terminate,  constitute,  in  most  Birds,  the  sole 
rudiment  of  a  penis  or  iutromittent  organ.  In  the  Ostrich  and  some 
other  Birds,  however,  a  distinct  penis,  furnished  with  erectile  tissue,  is 
present;  and  the  seminal  ducts  are  made  to  open  into  a  groove  upon  its 
upper  surface,  which,  though  not  completed  into  a  canal,  serves  by  the 
apiJositioii  of  its  lips  to  con- 
vey the  fluid  to  its  extremity, 
and  thus  to  deposit  it  within 
the  female  passages.  When 
not  in  a  state  of  erection,  the 
organ  is  entirely  concealed 
mthin  the  cloaca. — The  geni- 
tal apparatus  of  the  female 
is  usually  remarkable  for  its 
imsymmetrical  development ; 
the  right  ovary  and  oviduct 
remaining  undeveloped  (Fig. 
257,/),  like  the  left  Imig  of 
Serpents.  Up  to  a  certain 
period  of  embryonic  life,  how- 
ever, these  organs  are  deve- 
loped with  perfect  sym)netry 
on  the  two  sides ;  and  in  some 
of  the  Raptorial  birds,  they 
present  an  equal  development 
even  in  adult  age.  The  ova- 
rium,  which  is  attached  to  the 
superior  or  anterior  extre- 
mity of  the  right  kidney, 
presents  an  approach  to  the 
structure  of  this  organ  in 
Mammalia;  being  composed 
of  a  'stroma'  or  bed  of  com- 
pact fibrous  tissue,  in  the 
midst  of  which  the  ova  are 
evolved;  its  size  is  much 
smaller  in  proporiion  to  the  whole  body,  except  at  the  period  of  the 
development  of  the  ova,  than  in  most  of  the  classes  we  have  yet  consi- 
dered. It  is  covered  by  an  envelope  of  its  own,  and  then  by  the  perito- 
neum; its  surface  is  usually  smooth;  but,  when  the  ova  are  being  deve- 
loped, their  size  causes  them  to  project  more  or  less,  so  as  to  form  a  number 
of  convexities  upon  it.  As  the  ovisacs  enlarge,  they  gradually  project  from 
the  ovarium,  carrying  before  them  its  envelopes;  and  at  last,  the  ovarium 
presents  almost  the  appearance  of  a  bunch  of  grapes  (Fig.  257,  a),  the 


Generative  Apparatus  of  tlie  common  Fowl; — a,  single 
ovary,  situated  nearly  on  the  median  line ;  6,  left  oviduct ; 
c,  ita  funnel-shaped  opening ;  d,  cloaca ;  e,  rectum ;  f,  right 
oviduct  atrophied;  g,  g',  ureters. 


614 


OF  GENERATION  AND  DEVELOPMENT. 


ovisacs  hanging  from  it  only  by  a  short  peduncle,  which  contains  vessels. 
Each  of  these  projecting  bodies,  therefore,  contains  an  ovum,  which  is 
enveloped  in  its  ovisac;  around  this  is  a  thin  layer  of  the  stroma;  this, 
again,  is  enclosed  in  the  proper  envelope  of  the  ovarium,  consisting  of 
two  layers,  of  which  the  inner  one  is  vascular ;  and  the  peritoneum  enve- 
lopes the  whole.  At  last  the  ovum  escapes  by  the  rupture  of  its  cover- 
ings; and  these  remain  as  a  sort  of  cup,  which  is  termed  the  calyx,  and 
which  su.bsequently  disappears  by  absorption. — The  oviduct  commences 
by  a  wide  slit  (c),  which  receives  the  ovum  at  its  escape  from  the  ovary ; 
at  its  lower  part  it  dilates  into  a  thick  glandular  sac,  which  secretes 
the  shell ;  and  it  terminates  in  the  cloaca  {d)  which  is  the  common  outlet 
of  the  rectum  and  of  the  genito-urinary  ajDparatus. 

598.  The  Ovum,  during  its  passage  along  the  oviduct,  receives,  as  in 
most  of  the  higher  animals,  an  additional  layer  of  albumen ;  and  this  is 
surrounded  by  a  membrane,  which  has  been  commonly  regarded  as  com- 
posed simply  of  the  hardened  external  layer  of  the  albumen,  but  which 
has  in  reality  a  regular  fibrous  texture,  and  is  properly  homologous  with 
the  cliorion  of  Mammalia  (§  602).  This  membrane  is  composed  of  two 
layers,  which  separate  at  the  obtuse  end  of  the  egg,  to  include  a  bubble  of 
air;  its  outer  surface  is  somewhat  shaggy,  and  sends  little  processes  into 
the  shell,  which  is  formed  by  the  calcification  of  a  similar  membrane. 
The  outer  part  of  the  albumen  is  extremely  watery ;  but  the  inner  part 
is  viscid,  and  clings  closely  to  the  yolk.  The  yolk-bag  is  held  in  its 
place  within  the  egg,  by  two  twisted  cords,  termed  chalazce,  which  appear 
composed  of  coagulated  albumen ;  these  arise,  by  a  funnel-shaped  expan- 
sion, from  the  sides  of  the  yolk-bag  opposite  the  poles  of  the  egg,  towards 
which  they  pass.  In  this  manner  the  yolk-bag  is  prevented  from  moving 
towards  either  end  of  the  egg ;  but  it  is  permitted  to  rise  towards  the  side ; 
and,  as  it  is  rather  lighter  than  the  albumen,  it  will  always  approach  the 
shell,  whichever  side  the  egg  may  be  resting-on.  Further,  it  is  per- 
mitted to  turn  upon  its  own  axis;  and  hence  the  cicatricula  or 
germ-spot  (§  529),  being  specifically  lighter  than  the  rest,  will  always  be 
found  uppermost.  By  this  very  simple  contrivance,  two  necessary  con- 
ditions are  provided-for :  the  embryo  is  placed,  during  its  development, 
in  the  most  advantageous  position  for  receiving  the  influence  of  the 
maternal  heat;  and  it  is  also  brought  into  the  nearest  possible  relation 
with  the  external  air,  by  which  the  aeration  of  its  fluids  is  efiected. 
The  former  condition  is  indispensable  throughout  the  class,  except  in  a 
few  instances,  in  which  the  solar  heat  is  sufiiciently  intense,  or  in  which 
artificial  heat  is  designedly  substituted  (§  449),  The  latter,  here  as  else- 
where, is  absolutely  necessary  to  the  development  of  the  embryo :  and 
the  shell,  being  porous,  does  not  interpose  any  obstacle  to  the  aera,tion  of 
the  fluids  it  contains.* — Of  the  various  provisions  so  remarkable  in  this 
class,  as  in  that  of  Insects,  for  the  protection  and  maintenance  of  the 

*  An  attempt  was  made  some  time  since,  to  show  tliat  no  respiratory  process  takes  place 
in  the  egg  through  the  medium  of  the  shell-membrane ;  and  that  the  development  of  the 
embryo  is  carried-on  with  equal  perfection,  when  the  air  is  completely  excluded  from  the 
interior.  The  result,  however,  was  completely  faUacious,  in  consequence  of  the  imperfect 
nature  of  the  means  of  exclusion  employed ;  and  the  very  accurate  experiments  of  bchwaun 
leave  no  doubt,  that  the  access  of  oxygen  is  as  necessary  to  the  embryo,  in  all  but  tlie  very 
earUest  period  of  development,  as  it  is  to  the  adult.  See  "Brit,  and  For.  Med.  Kev., 
Vol.  X.,  p.  229. 
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•yoim-,  no  detailed  account  can  be  here  given.  In  general  it  is  to  be 
rem»x?ked,  however,  that  the  attention  which  the  young  receive  after 
they  break  the  shell,  is  prolonged  in  proportion  as  the  plumage,  and 
especially  the  feathei-s  of  flight,  are  to  be  of  a  more  perfect  character;  so 
that,  in  this  comparatively  trifling  variation,  we  have  an  illustration  of 
the  general  law,— that  the  higher  the  grade  of  development  which  the 
being  is  ultimately  to  attain,  the  more  is  it  assisted  m  the  eai-ly  stages 

%99^Thif  law  is  remarkably  exemplified  in  the  class  MamTnalia,  which 
unquestionably  ranks  at  the  head  of  the  Animal  kingdom,  m  respect  to 
degree  of  intelligence  and  general  elevation  of  structure.  It  is  the 
ui^versal  and  most  prominent  characteristic  of  this  class,  that  the  young 
are  retained  within  the  body  of  the  female  parent,  untU  they  have  made 
considerable  progress  in  their  development;  that  whilst  there,  they 
derive  their  support  ahnost  immediately  from  her  blood ;  and  that  they 
are  afterwards  nourished  for  some  time  by  a  secretion  which  she  afi'ords. 
In  regard  to  the  degree  of  development  attained  by  the  young,  however, 
at  the  period  of  their  separation  from  their  parent,  there  is  much  variation 
in  the  difi"erent  orders;  and  the  lower  tribes  of  the  class  are  so  truly 
intermediate,  as  to  the  mode  in  which  this  part  of  the  generative  func- 
tion is  performed,  between  the  oviparous  Birds  and  Reptiles,  and  the 
true  viviparous  Mammalia,  as  to  be  appropriately  separated  as  a  distinct 
sub-class,  that  of  Ovo-viviparous  or  more  properly  hnplacental  Mammalia. 
This  inferiority  of  grade  manifests  itself  also  in  the  general  development 
of  these  animals;  especially  in  their  osteology,  which  presents  many 
oviparous  characters,  and  in  the  low  type  of  conformation  of  their  brain. 
At  the  other  extremity  in  the  scale  of  development,  we  find  Man,  in 
whom  the  dependence  of  the  offspring  on  the  parent  is  extended  through 
a  much  longer  period  than  in  any  other  animal ;  and  this  has  an  obvious 
relation  to  the  high  amount  of  intelligence  which  he  is  destined  ulti- 
mately to  attain. 

600.  The  transition  from  the  Generative  apparatus  of  Bii-ds,  in  fact, 
to  that  of  the  lowest  Mammalia,  is  by  no  means  abrupt ;  and  the  passage 
from  the  latter  to  the  highest  forms  which  the  class  presents,  is  very 
gradual. — The  '  testes'  or  spermatic  organs  of  the  male  usually  correspond 
pretty  closely  in  structure  with  those  of  Man ;  being  composed  of  long 
tortuous  ttibuli  semiriiferi,  in  whose  interior  the  spermatic  cells  are 
formed,  and  the  fluid  part  of  the  secretion  elaborated.  They  are  always 
developed  within  the  posterior  part  of  the  abdominal  or  in  the  pelvic 
cavity,  occupying  nearly  the  same  situation  as  the  ovaria  in  the  female ; 
and  this  situation  they  retain  in  many  of  the  lower  Mammalia,  such  as 
the  Cetacea  and  Monotrentata,  as  also  in  some  Pachydermata  and  Rodentia. 
But  in  most  of  the  other  orders,  they  pass-out  into  a  peculiar  prolonga- 
tion of  the  abdominal  cavity,  invested  by  an  extension  of  its  muscles  and 
integuments,  which  is  called  the  scrotum;  the  cavity  of  the  scrotum 
frequently  communicates  freely,  however,  with  that  of  the  abdomen,  by 
an  open  inguinal  canal;  and  it  is  only  in  Man,  the  Quadrumana,  and  a 
comparatively  small  proportion  of  the  lower  orders,  that  the  passage 
between  the  two  cavities  is  closed  by  the  contraction  of  the  canal,  so  as 
to  prevent  that  descent  of  the  intestines  into  the  scrotum  which  might 
take  place  in  the  erect  posture.    The  spermatic  ducts  often  communicate 
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With  vesrculce  semvriales,  which  appear  to  serve  both  as  receptacles  for  the- 
aemiual  thud,  aud  aa  accessory  glandular  oriraiis;  they  are,  however, 
trequent  y  wanting.  In  all  instances,  the  spermatic  canals  have  their 
liual  outlet  at  the  extremity  of  the  penis ;  being  carried  onwai-ds  to  it, 
even  where  the  urinary  canal  is  not  continued  to  that  point,  which  is  the 
case  m  the  Monotremata.  In  this  order,  the  seminal  ducts  unite  with 
the  urethra  to  form  a  'nro-genital  canal,'  which  opens  into  the  cloaca; 
the  penis,  however,  is  perforated  by  a  duct,  that  subdivides  at  its  bihd 
extremity,  first  into  two  branches,  and  then  into  further  ramifications 
which  terminate  in  the  papillary  elevations  of  its  surface ;  and  it  would 
seem  that  during  coitus,  the  commencement  of  the  duct  of  the  penis  is 
applied  to  the  orifice  of  the  uro-genital  canal,  in  such  a  manner  that  the 
fluid  ejected  from  this  shall  be  transmitted  along  the  iutromittent  organ, 
although  the  urine  discharged  from  the  same  orifice  at  other  times  passes 
into  the  cloaca.  Thus,  as  Prof  Owen  remarks,  "  if  the  canal  of  the  penis 
were  slit  open  along  its  under  part,  and  thus  converted  into  a  groove, 
the  male  organs  of  the  Ornithorhyncus  would  be  then  essentially  like 
those  of  a  Tortoise.  The  adhesion  to  the  Mammalian  type  is  manifested 
in  a  highly  interesting  manner  by  the  completeness  of  the  urethral  canal; 
whilst  the  complete  separation  of  the  uro-urethral  from  the  semino- 
urethral  passages  beautifully  illustrates  the  fact,  that  the  existence  of  the 
penis  is  essentially  and  subordinately  related  to  the  sexual  organs,  and 
not  to  the  renal." — In  the  Marsupialia,  the  seminal  ducts  discharge 
themselves  into  the  urethra,  and  this  is  continued  onwards  to  the  ex- 
tremity of  the  penis;  in  some  members  of  this  order,  the  penis  is  bifid, 
and  each  half  receives  a  branch  of  the  urethral  canal,  as  in  the  Mono- 
tremata ;  whilst  in  others  it  has  a  single  termination,  as  in  all  higher 
Mammalia.— Yarious  accessory  glandular  organs  are  found  in  the  males 
of  most  Mammalia,  discharging  their  contents  into  the  urethra,  and 
apparently  connected  with  the  generative  function;  their  use,  however, 
is  not  known. 

601.  The  ovaries  of  the  Mammalian  female  are  always  found  near  the 
posterior  j)art  of  the  abdomino-pelvic  cavity ;  and  they  consist  of  a  dense 
fibrous  stroma,  in  the  substance  of  which  the  ova  are  developed.  These, 
when  mature,  are  set  free  by  the  tliinning-away  of  their  enveloj)es;  and 
are  received  into  the  trumpet -shaped  dilatations  of  the  oviducts,  which 
canals  are  known  in  this  class  as  the  '  Fallopian  tubes.'  The  oviducts 
remain  quite  distinct  from  each  other  in  the  Monotremata,  and  terminate 
separately  in  the  uro-genital  canal,  one  on  either  side  of  the  orifice  of  the 
bladder;  each  of  them  having  first  undergone  dilatation  into  a  uteiine 
cavity,  so  that  these  animals  have  two  comj)letely-distinct  uteri.  The 
uro-genital  canal  opens  below  into  the  cloaca  or  common  vestibule,  its 
orifice  being  guarded  by  a  sphincter  muscle;  and  this  vestibule  also 
receives  the  rectum,  as  in  Birds ;  so  that  the  female  generative  apparatus 
of  the  Monotremata  difiers  but  little  from  that  of  the  liighest  Ovipara, 
in  which  even  the  uterine  dilatation  of  the  oviduct  has  its  representative 
(Fig.  257).  There  is  not,  however,  as  in  Birds,  any  tendency  to  the 
unequal  development  of  the  ovaries  aud  their  appendages  on  the  two 
sides. — In  the  Marsupialia,  there  is  a  closer  approximation  of  the  two 
lateral  sets  of  organs  on  the  median  line;  for  the  oviducts  converge 
*  "Cyclopcedia  of  Anatomy  and  Physiology,"  Vol.  III.,  p.  392. 
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towards  one  another,  and  meet  (witliout  coalescing)  on  the  median  line; 
so  that  their  uterine  dilatations  are  in  contact  with  each  other,  forming  a 
ti-ne  '  double  uterus.'  Each  uterus,  at  its  lower  extremity,  opens  by  an 
OS  tincce  into  a  separate  vaginal  canal ;  and  the  two  canals  diverge  again, 
so  as  to  terminate  sepai-ately  in  the  uro-genital  canal,  which  receives  both 
their  orifices  and  that  of  the  urinaiy  passage,  l)ut  terminates  externally, 
without  coalescing  with  the  rectum,  in  a  common  vestibule.  The  vaginal 
canals  are  frequently  furnished,  in  this  order,  with  pecuHar  sinuses  or 
dilatations  for  the  reception  of  the  foetus  after  it  has  left  the  uterus,  in 
which  it  has  undergone  a  part  of  its  development.— As  we  ascend  the 
series  of  '  placental'  Mammals,  we  find  the  lateral  coalescence  becoming 
gradually  more  and  more  complete.  It  shows  itself  first  in  the  vagina, 
which  is  everywhere  single,  although  a  trace  of  separation  into  two 
lateral  halves  is  seen  in  the  Mare,  Ass,  Cow,  Pig,  and  Sloth,  in  which 
animals  it  is  traversed,  in  the  virgin  state,  by  a  narrow  vertical  partition. 
In  many  of  the  Rodentia,  the  uterus  still  remains  completely  divided  into 
two  lateral  halves ;  whilst  in  others,  these  coalesce  at  their  lower  portion, 
forming  a  rudiment  of  the  true  '  body'  of  the  humerus  in  the  Human 
subject.  This  part  increases  at  the  expense  of  the  lateral  'cornua,'  in  the 
higher  Herbivora  and  Carnivora ;  but  even  in  the  lower  Quadrumana, 
the  uterus  is  somewhat  cleft  at  its  summit,  and  the  '  angles,'  into  which 
the  oviducts  enter,  form  a  considerable  part  of  the  whole  organ.  As 
we  ascend  through  the  Quadrumanous  series  towards  Man,  we  find  the 
'body'  increasing,  and  the  'angles'  diminishing  in  proportion;  until  the 
original  division  is  completely  lost  sight  of,  except  in  the  slight  dilatation 
of  the  cavity  at  the  points  at  which  the  Fallopian  tubes  enter  it.  In  most 
Mammalia  the  female  possesses  a  clitoris,  which  resembles  a  rudimentary 
penis,  and  which  in  some  instances  attains  a  considerable  size.-  The 
urethral  canal  generally  terminates  near  the  base  of  this  organ ;  but  in 
some  of  the  Marsupialia,  this  canal  seems  to  be  continued  as  a  groove 
along  its  under  side ;  and  in  the  Lemming,  the  Mole,  and  some  of  the 
lower  Quadrumana,  it  is  completed  into  a  tube,  which  passes  along  the 
whole  length  of  the  clitoris,  just  as  the  urethra  of  the  male  traverses  the 
penis. — The  Marsujiialia  are  remarkable  for  the  peculiar  addition  to  their 
generative  apjDaratus,  which  consists  of  a  sac  or  pouch  upon  the  front  of 
the  pelvis,  formed  by  a  pair  of  folds  of  the  integument,  and  covering-in 
the  mammary  glands  and  nipples ;  and  the  function  of  this  '  marsupium ' 
is  obviously  to  aflbrd  protection  to  the  young  animal,  in  that  state  of 
extreme  immaturity  which  characterizes  it  at  the  date  of  its  emersion 
from  the  uterus  and  for  some  time  afterwards ;  during  which  period  it  is 
clinging  to  the  nipple,  at  first  apparently  almost  unpossessed  either  of 
semibility  or  of  power  of  movement,  but  gradually  acquiring  the  ability 
to  sustain  an  independent  existence. 

602.  The  Ovum  itself  corresponds,  in  all  essential  characters,  with 
that  of  Oviparous  animals; — chiefly  differing  in  its  minute  size,  in  pro- 
portion to  that  of  the  ovisac  (§  526).  Its  external  envelope  is  thicker, 
than  the  ordinary  yolk-bag  of  oviparous  animals ;  and  has  received  the 
name  of  Zona  pellucida,  from  its  appearing  under  the  microscope  (when 
the  ovum  is  flattened  by  compression)  as  a  broad  transparent  ring* 

*  This  Zona  pellucida  has  been  described  by  some  writers  under  the  name  of  chorion  ■ 
the  true  chorion,  however,  is  afterwards  formed  around  it. 
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(Fig.  221,  m  v).  In  the  immature  ovisac,  the  space  between  its  inner 
layer  and  the  ovnm  is  for  the  most  part  filled-up  with  cells;  these, 
however,  gi-adually  dissolve-away,  especially  on  the  side  nearest  the 
surface  of  the  ovary,  wliilst  an  albuminous  fluid  is  effused  from  the 
deeper  part  of  the  ovisac,  which  pushes  before  it  the  residual  layer  that 
immediately  sun-ounds  the  ovum,  forming  the  discus  proligerus,  and  thus 
carries  it  against  the  opposite  wall.  At  this  period,  the  vascular  tunic 
enveloping  the  ovisac,  which  is  dei-ived  (as  in  Birds)  from  the  parenchyma 
of  the  ovary,  is  acquiring  great  thickness  and  consistency;  and  the  two 
membranes  together  form  the  structure  known  as  the  Graaficm  Follicle, 
which  was  formerly  regarded  as  peculiar  to  the  Mammalia,  but  which  is 
really  analogous  to  the  inner  part  of  the  calyx  of  Birds  and  other 
Ovipara.*  When  the  oviim  has  attained  its  full  development,  it  is 
carried  to  the  side  of  the  Graafian  follicle  nearest  the  surface  of  the 
ovary,  by  the  effusion  of  fluid  on  the  side  more  deeply  imbedded ;  and 
there  it  remains,  until  the  rupture  of  the  envelope  allows  of  its  exit  from 
the  cavity.  Tliis  rupture  is  preceded  by  a  gradual  thinning  of  these 
membranes  at  that  point ;  but  on  the  opposite  side,  the  outer  or  vascular 
tunic  becomes  much  thickened;  and  a  fleshy  substance  of  a  reddish- 
yellow  colour  (entirely  composed  of  cells)  sprouts  from  the  interior  of 
the  ovisac,  which  it  gradually  fills  after  the  discharge  of  the  ovum, 
forming  the  corpm  lutev/m. — When  set-free  from  the  ovarium,  the  ovum 
is  received  into  the  Fallopian  tube ;  and  its  fertilization  appears  to  take 
place  almost  immediately  on  its  entrance  into  that  canal,  if  it  have  not 
been  previously  accomplished.  Diuing  its  passage  towards  the  uterus,  it 
acquires  an  additional  envelope,  the  true  Chorion,  which  has  subsequently 
to  perform  very  important  functions  in  the  nutrition  of  the  embryo. 
This  is  at  first  seen  as  a  layer  of  cells  in  contact  with  the  outer  surface 
of  the  Zona  pellucida ;  it  usually,  however,  imbibes  fluid,  wliich  separates 
it  from  the  Zona  pellucida;  and  a  change  takes  place  in  its  own  struc- 
ture, by  the  alteration  in  the  form  of  its  cells,  which  extend  themselves 
and  interlace  in  various  directions,  so  as  to  give  the  fabric  a  fibrous 
texture,  and  to  produce  asperities  on  its  outer  surface.  In  its  situation 
and  mode  of  production,  the  chorion  is  evidently  homologous  with  the 
membrana  testce  of  Birds ;  and  the  fluid  which  it  absorbs  is  comparable  to 
the  albumen  of  the  egg  of  the  latter.  The  connection  between  the  two 
is  clearly  established  by  the  ovum  of  the  Monotremala,  in  which  there  is 
a  distinct  albumen  around  the  yolk-bag,  contained  in  a  membrane,  which, 
— as  these  ova  are  not  to  be  incubated,  but  are  destined  to  receive  their 
early  development  within  the  uterus,— must  subsequently  become  the 
chorion.  In  all  Mammiferous  animals,  the  oviduct,  instead  of  imme- 
diately conveying  the  ovum  out  of  the  body,  deposits  it  in  the  uterine 
receptacle  provided  for  its  further  development ;  within  which  it  forms  a 
new  connection  with  the  parent,  and  is  supplied  with  nutriment  from  the 
fluids  of  the  latter,  until  it  has  arrived  at  a  state  of  completeness  usually 
corresponding  with  that  which  the  Chick  presents,  when  it  emerges  from 
its  shelly  covering. 

*  It  is  maintained  by  Reinhardt  ("Kolliker  and  SieMd's  Zeitschrift,"  Band  III.),  that 
the  whole  Graafian  vesicle  of  the  Mammal,  with  its  contents,  is  the  real  homologue  of  the 
Yolk-bag  of  the  Bird ;  the  '  food-yolk'  of  the  latter  being  represented  by  the' cellular  mass 
which  sun-onnds  the  Zona  pellucida  of  the  former,  and  which  is  afterwards  developed  into 
the  '  corpus  luteum.' 
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603.  It  now  remains  for  us  to  consider  the  peculiarities  which  dis- 
tincniish  the  development  of  the  embryo  of  the  Vertehrata,  from  the  pro- 
cess already  described  in  the  other  Sub-Kingdoms.  These  peculiarities 
chiefly  consist  in  this ;— that  the  permanent  structure  is  usually  developed 
from  a  very  limited  portion  only  of  the  'mulberry-mass'  (§  529);  whilst 
the  remainder  of  this,  with  that  extension  which  it  forms  over  the  large 
mass  of  'food-yolk'  that  forms  the  bulk  of  the  vitelline  body  in  Birds 
and  Fishes,  and  probably  in  the  higher  Eeptiles,  has  but  a  very  sub- 
ordinate and  temporary  oflice, — being  destined  (like  the  cotyledonous 
expansion  of  the  higher  Plants)  solely  for  the  imbibition  and  assimila- 
tion of  nutriment,  during  the  early  period  of  evolution.  In  the  ova  of 
Batrachia  and  Mammalia,  there  is  no  'food-yolk'  in  addition  to  the 
'germ-yolk;'  and  as  the  entire  vitellus  consists  of  the  latter,  the  whole  of 
it  is  involved  in  the  process  of  segmentation.  This  arrangement,  which 
is  common  to  them  with  Invertebrata  generally  (save  the  highest  of  the 
Articulated  and  Molluscous  series),  appears  to  be  related  to  the  fact,  that 
in  neither  of  these  two  cases  is  the  development  of  the  embryo  carried-on 
far  at  the  expense  of  the  vitellus;  for  that  of  the  Frog  proceeds  no  further 
within  the  ovum,  than  to  the  production  of  a  fish-like  larva ;  and  the 
continued  development  of  the  Mammal  is  very  early  provided-for  by  a 
different  arrangement. — The  evolution  of  the  fractions  of  the  vitellus 
(Fig.  258,  a)  into  true  cells,  by  the  formation  of  a  cell- wall  around  them 

Fig.  258. 


A  B 


later  stage  in  the  segmentation  of  the  yolk  of  the  Mammalium  Ovum;  at  A  is  shown  the 
"mulberry  mass"  formed  by  the  minute  subdivision  of  the  vitelline  spheres;  at  n,  a  further 
increase  has  brought  its  surface  into  contact  with  the  vitelline  membrane,  against  which  the 
spherules  are  flattened. 

(§  529),  takes  place  soonest,  as  well  as  most  completely,  at  its  peripheral 
portion ;  and  its  cells  arrange  themselves,  in  the  act  of  formation,  into  a 
kind  of  membrane  lining  the  yolk-bag,  at  the  same  time  assuming  a 
pentagonal  or  hexagonal  shape  from  mutual  pressure,  so  as  to  resemble 
pavement-epithelium  (b).  Of  the  globular  masses  of  the  interior,  those 
nearest  the  surface  seem  to  be  developed  into  true  cells,  and  to  increase 
the  thickness  of  the  membrane  already  formed  by  the  more  superficial 
layer;  but  the  spherules  of  the  interior  appear  for  the  most  part  to 
liquefy  again;  so  that  the  embryonic  mass  is  now  in  the  condition  of  a 
cellular  stratum,  known  as  the  '  germinal  membrane,'  in'closing  a  liquid 
yolk, — a  condition  which  is  closely  paralleled  by  the  embryo  of  Zoophytes, 
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previously  to  the  formation  of  the  oral  aperture. — In  the  ova  of  Fishes 
and  Birds,  however,  and  probably  in  those  of  true  Reptiles,  there  is  a 
large  food-yolk,  in  which  the  segmentation  does  not  take  place;  and  the 
mode  in  which  this  becomes  enclosed  by  the  '  germinal  membrane,'  is  by 
the  extension  of  the  peripheral  portion  of  the  cicatricula,  which  seems  to 
be  formed  by  the  segmentation  of  the  '  germ-yolk. ' — The  '  genninal 
membrane'  is  sometimes  termed  the  blastoderma ;  and  the  new  envelope 
which  is  fornied  by  it,  between  the  vitellus  and  its  original  sac,  has  been 
termed  by  Bischoff  the  blastodermic  vesicle.  This  vesicle,  very  soon  after 
its  formation,  presents  at  one  point  an  opaque,  roundish  spot,  which  is 
produced  by  an  accumulation  of  cells  and  nuclei  of  less  transparency 
than  elsewhere;  within  this,  which  is  termed  the  area  germinativa,  all 
the  structures  of  the  permanent  organism  originate.  The  germinal 
membrane  increases  in  extent  and  thickness,  by  the  formation  of  new 
cells  (whose  mode  of  production  has  not  been  clearly  made- out) ;  and  it 
subdivides  into  two  layers,  which,  although  both  at  first  composed  of  cells, 
soon  jDresent  distinctive  characters,  and  are  concerned  in  very  different 
ulterior  operations.  The  outer  one  of  these  is  commonly  known  as  the 
serous  layer;  but  being  the  one  in  whose  substance  the  foundation  is  laid 
for  the  vertebral  column  and  the  nervous  system,  it  is  sometimes  called 
the  animal  layer.  The  inner  one  is  usually  known  as  the  mucous  layer ; 
and  being  the  one  chiefly  concerned  in  the  formation  of  the  nutritive 
apparatus,  it  is  sometimes  called  the  vegetative  layer.  This  division  is  at 
first  most  evident  in  the  neighbourhood  of  the  area  germinativa;  but  it 
soon  extends  from  this  point,  and  implicates  nearly  the  whole  of  the 
gei'minal  membrane. 

604.  The  'area  germinativa'  (Fig.  259,  a  g),  at  its  first  appearance,  has  a 
rounded  form ;  but  it  soon  loses  this,  fii-st  becoming  oval,  and  then  pear- 
shaped.  While  this  change  is  taking-place  in  it,  there  gradually  appears 
in   its  centre   a  clear   space,  termed  the  area  pellucida ;  and  this 

is  bounded  externally  by  a  more 
opaque  circle  (whose  opacity  is  due  to 
the  greater  accumulation  of  cells  and 
nuclei  in  that  part,  than  in  the  area 
pellucida),  which  siibsequently  be- 
comes the  area  vasculosa.  In  the 
formation  of  these  two  spaces,  both 
the  serous  and  mucous  layers  of  the 
germinal  membrane  seem  to  take 
their  share ;  but  the  foundation  of 
the  embryonic  structure,  kno^\Ti  as 
the  2Jrimitive  trace,  is  laid  in  the  se- 
rovis  lamina  only.  Tliis  consists  in  a 
shallow  groove,  lying  between  two 
oval  masses  {v),  known  as  the  laminai 
dorsales.  The  form  of  these  changes 
with  that  of  the  area  pellucida;  at 
first  they  are  oval,  then  pyriform,  and 
at  last  become  of  a  guitar-shape.  At  the  same  time,  they  rise  more  and 
more  from  the  surface  of  the  area  pellucida,  so  as  to  form  two  ridges  of 
higher  elevation,  with  a  deeper  groove  between  them;  and  the  summits 


Fig.  259. 


The  germ  and  sui-rouudinp;  imrts,  I'rom  a  more 
advanced  Uterine  Ooiim;—b,  blastodei-ma,  or  germi- 
nal membrane;  a  g,  area  germinativa;  c,  cephalic 
extremity  of  tlie  germ;  v,  first  indications  of  ver- 
tel)ra! ;  q,  caudal  extremity. 
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of  these  ridges  tend  to  approach  each  other,  and  gradually  unite,  so  as  to 
convert  theVoove  into  !a  tube.  At  the  same  time,  the  anterior  portion 
of  the  groove  dilates  into  three  recesses  or  vesicles,  wluch  indicate  the 
position  of  the  thi-ee  principal  cUvisions  of  the  Encephalon,  a  tci^ards  to 
be  developed  as  the  prosencephalon,  the  mesencephcdon,  the  epen-^ 

cepludon  (Fig.  262,  b,'^,  y,  z).  The  most  internal  parts  of  these  lamm^ 
boimcUng  the  bottom  and  sides  of  the  groove,  appear  to  lurnish  the  udi- 
ments  of  the  nervous  centres  which  this  cranio-vertebral  caual  is  to 
contain;  whilst  the  outer  parts  are  developed  into  the  rudiments  of  the 
veitebral  column  and  cranium.  Even  before  the  '  lammse  dorsales  have 
closed  over  the  primitive  groove,  a  few  square-shaped,  at  hrst  indistinct, 
plates,  which  are  the  rudiments  of  vertebrte  (Fig.  260,  A,  q,  q),  begin  to 

Fio.  260. 


Ovum  of  Cm-egoims paltBa,  eleven  days  after  fecimclation;  A,  as  seen  in  i'roiil  t  hrough  the 
transparent  ovum;  ii,  as  seen  sideways ;— a,  shell-membrane;  b,  yolk;  e  e,  oil-globules; 
/,  albumen;  g  g,  vitelline  membrane;  li,  yolk- vesicle;  k,  trunk  of  the  embryo;  I,  tail;  oo,  optic 
lobes ;  p,  chorda  dorsalis ;  q     vertebral  divisions ;  !(,  curve  of  the  trunk. 

appear  at  about  the  middle  of  each.  The  position  of  the  bodies  of  the 
vertebrte  is  indicated  at  this  period,  by  a  distinct  cylindrical  rod  of 
nucleated  cells,  termed  the  chorda  dorsalis  ;  and  this  retains  its  embryonic 
type  in  the  Myxinoid  Fishes.  While  this  is  going-on,  an  accumulation 
of  cells  takes  place  between  the  two  laminae  of  the  germinal  membrane 
at  the  'area  pellucida;'  and  these  cells  speedily  form  themselves  into  a 
distinct  layer,  the  vascular  lamina,  in  which  the  first  blood-vessels  of  the 
embryo  are  developed,  as  will  be  presently  described  (§  605).  Fi-om  the 
doreal  lamina  on  either  side,  a  prolongation  passes  outwards  and  then 
downwards,  forming  what  is  known  as  the  ventral  lamina;  in  this  are 
developed  the  ribs  and  the  transverse  processes  of  the  vertebrae  ;  and  the 
two  have  the  same  tendency  to  meet  on  the  median  line,  and  thus  to 
close-in  the  abdominal  cavity,  which  the  dorsal  laminte  have  to  inclose 
the  spinal  cord.  At  the  same  time,  the  layers  of  the  'germinal  mem- 
brane,' which  lie  beyond  the  extremities  of  the  embryo,  are  foldcd-iu,  so 
as  to  make  a  depression  on  the  yolk ;  and  their  folded  margins  gradually 
approach  one  another  under  the  abdomen.  The  first  rudiment  of  the 
intestinal  canal  presents  itself  as  a  channel  along  the  under  surface  of 
the  embryonic  mass,  formed  by  the  rising-up  of  the  inner  layer  of  the 
germinal  membrane  into  a  ridge  on  either  side.  The  two  ridges  gradually 
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arch-over  and  meet,  so  as  to  form  a  tube,  which  is  thus  (so  to  speak) 
pmched-off  from  the  general  vitelline  sac;  but  it  remains  in  connection 
with  this  by  means  of  an  unclosed  portion,  which  constitutes  the  'vitelline 
duct.  In  oviparous  animals  generally,  the  yolk-bag,  as  it  is  emptied  of 
its  contents,  is  gi-adually  drawn  into  the  abdominal  cavity;  but  in  Mam- 
malia, and  also  in  the  higher  Cartilaginous  Fishes,  it  is  cut-off  from  the 
intestine  by  the  obliteration  of  the  vitelline  duct,  and  by  the  complete 
closure  of  the  abdominal  parietes  around  the  peduncle.  The  minute 
yolk-bag  of  Mammalia  is  known  under  the  name  of  the  'umbilical 
vesicle,' 

605.  Whilst  these  new  structures  are  being  produced,  a  very  remark- 
able change  is  taking  place  in  that  part  of  the  serous  lamina  which 
suiTounds  the  'area  pellucida.'  This  rises-up  on  either  side  in  two  folds; 
and  these  gradually  approach  one  another,  at  last  meeting  in  the  space 
between  the  general  envelope  and  the  embryo,  and  thus  forming  an  addi- 
tional investment  to  the  latter.  As  each  fold  contains  two  layers  of 
membrane,  a  double  envelope  is  thus  formed ;  of  this,  the  outer  lamina 
adheres  to  the  general  envelope ;  whilst  the  inner  remains  as  a  distinct 
sac,  to  which  the  name  of  Amnion  is  given.    (See  Figs.  261  and  264.) 

This  takes  place  during  the  third  day  in 
Fig.  261.  the  Chick ;  and  at  about  the  same  period, 

a  very  important  provision  for  the  future 
support  of  the  embryo  begins  to  be  made, 
by  the  development  of  blood-vessels  and 
the   formation'  of  blood.     Hitherto  the 
embryonic  structure  has  been  nourished  by 
direct  absorption  of  the  alimentary  mate- 
rials supplied  to  it  by  the  yolk ;  in  the  same 
manner  as  the  simj)lest  Cellular  Plant  is 
developed  at  the  expense  of  the  carbonic 
acid,  moisture,  &c.,  which  it  obtains  for 
Diagram  of  Ovum  at  the  commence-  itself  from  the  surrounding  elements.  But 
^^^:!chtSn"k°li;*';,t^^^^^^    its  increasing  size,  and  the  necessity  for 
(/,  and  e,  folds  of  the  serous  layer  rising  a  more  free  Communication  between  its 

up  to  form  the  amnion.  _i.xT-  ±      j.  •  ±-         i'  ^^ 

^  parts  than  any  structure  consistmg  of  cells 

alone  can  permit,  call  for  the  development  of  vessels,  through  which  the 
nutritious  fluid  may  be  conveyed.  These  vessels  are  first  seen  in  that 
part  of  the  "Vascular  lamina  of  the  germinal  membrane,  which  imme- 
diately surrounds  the  embryo ;  and  they  form  a  network,  bounded  by  a 
circular  channel,  which  is  known  under  the  name  of  the  Vascular  Area 
(§  254,  Fig.  133).  This  gradually  extends  itself,  until  the  vessels  sjjread 
over  the  whole  of  the  membrane  containing  the  yolk.  The  firet  blood- 
discs  appear  to  be  formed  from  the  nuclei  of  the  cells,  whose  cavities 
have  become  continuous  with  each  other  to  form  the  vessels;  and  from 
these,  the  subsequent  blood-discs  of  the  first  series  are  probably  gene- 
rated. This  net-work  of  blood-vessels  serves  the  'purpose  of  absorbing 
the  nutritious  matter  of  the  yolk,  and  of  conveying  it  towards  the 
embryonic  structures,  which  are  now  in  process  of  rapid  development. 
The  first  movement  of  the  fluid  is  towards  the  embryo;  and  this  can  be 
witnessed  before  any  distinct  heart  is  evolved.  The  same  process  of 
absorption  from  the  yolk,  and  of  conversion  into  blood,  probably  con- 
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tinues  as  long  as  there  is  any  alimentary  material  left  in  the  sac.  The 
mode  in  which  the  Heart  is  formed,  and  the  subsequent  phases  of  its 
development,  as  well  as  of  that  of  the  principal  Blood-vessels,  have  been 
already  described  (§§  255-2G0);  it  is  only  necessary  here  to  add,  that  the 
mass  of  cells  in  which  it  originates,  may  be  considered  as  a  thickened 
portion  of  the  vascular  layer.  The  trunks  which  connect  the  circidating 
system  of  the  embryo  with  that  of  the  'vascular  area,'  are  called 
Oniphalo-3fesenteric,  Meseraic,  or  Vitelline  vessels.  It  was  formerly 
believed,  that  the  nutrient  matter  of  the  yolk  passes  directly  through  the 
vitelline  duct,  into  the  (futm-e)  digestive  cavity  of  the  embryo,  and  is 
from  it  absorbed  into  its  structui-e ;  but  there  can  now  be  little  doubt, 
that  the  vitelline  vessels  are  the  real  agents  of  its  absorption,  and  that 
they  convey  it  to  the  tissues  in  process  of  formation.  They  do,  in  fact, 
correspond  to  the  Mesenteric  veins  of  Invertebrated  animals,  which  are 
the  sole  agents  in  the  absorption  of  nutriment  from  their  digestive  cavity 
(§  1 89) ;  and  the  blastodermic  vesicle  may  be  regarded  as  the  temporary 
stomach  of  the  embryo, — ^remaining  as  the  permanent  stomach  in  the 
Radiated  tribes.  Previously  to  the  ninth  day  of  incubation  (in  the 
Fowl's  egg),  a  series  of  folds  are  formed  by  the  lining  membrane  of  the 
vesicle,  which  project  into  its  cavity;  these  become  gradually  deeper  and 
more  crowded,  as  the  bag  diminishes  in  size  by  the  absorption  of  its 
contents.  The  vitelline  vessels  that  ramify  upon  the  vesicle,  send  into 
these  folds  (or  valvulse  conniventes)  a  series  of  inosculating  loops,  which 
immensely  increase  the  extent  of  this  absorbing  apparatus.  But  these 
minute  vessels  are  not  in  immediate  contact  with  the  yolk;  for  there 
intei-venes  between  them  a  layer  of  nucleated  cells,  which  is  easily 
washed  away.  It  was  from  the  colour  of  these,  communicated  to  the 
vessels  beneath,  that  Haller  termed  the  latter  vasa  lutea ;  when  the 
cellular  layer  is  removed,  the  vessels  present  their  usual  aspect.  There 
seems  good  reason  to  believe,  that  these  cells  are  the  real  agents  in  the 
process  of  absorbing  and  assimilating  the  nutritive  matter  of  the  yolk  • 
and  that  they  deliver  this  up  to  the  vessels,  by  themselves  undergoing 
rupture  or  dissolution,  being  replaced  by  newly-formed  layers. 

606.  The  development  of  the  embryo  of  F'lshes  takes  place  without  any 
further  change  of  plan ;  the  nutrient  material  supplied  by  the  yolk  being 
gradually  taken  into  the  circulation,  through  the  medium  of  the  germinal 
membrane,  and  being  applied  to  the  nutrition  of  the  various  tissues  and 
organs  which  successively  make  their  appearance.  Up  to  the  time  of 
the  emersion  of  the  foetal  fish  from  the  egg,  the  aeration  of  the  blood  is 
provided-for  in  no  other  way,  than  by  its  distribution  upon  the  surface  of 
the  yolk-bag;  and  even  after  it  has  come  forth,  whilst  the  yolk-bag  is 
still  far  from  being  emptied,  and  hangs-downfrom  its  abdomen,  and  the  Sus 
have  not  yet  come  into  play,  the  dispersion  of  the  blood  over  the  vasc^ar 
area  still  serves  to  aerate  it,  as  well  as  to  enable  it  to  absorb  the  nutri 
tive  contents  yet  remaining  to  be  appropriated.  In  most  of  the  Osseous 
Fishes^  the  blood-vessels  which  ramify  upon  the  yolk-bag  may  be  regarded 
as  part  of  the  portal  system ;  for  they  branch-off-from  the  intestinal  veins 
and  return  into  the  vena  cava.  As  the  yolk  diminishes  in  size  and  the 
permanent  respiration  is  established,  the  blood  is  transmitted  more 
directfy  through  the  liver  to  the  heart,  by  the  enlargement  of  vessels 
that  were  at  first  capillary,  into  regular  trimks.     In  the  higher  Carti 
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laginous  fishes,  however,  the  blood  sent  to  the  respiratory  surface  is  derived 
from  an  arterial  trunk,  as  in  all  the  higlier  Vertebrata. — The  general 
course  of  the  development  of  the  principal  organs  in  Fish,  may  be  under- 
stood from  the  accompanying  figures;  the  history  of  the  evolution  of 


Fig.  262. 


Ovum  of  Coregomis  palcoa,  sixteen  days  after  impregnation ; — a,  seen  in  front ; — u,  seen 
sideways; — a,  shell-membrane;  b,  yolk;  c,  crystalline  lens;  d,  choroidal  system;  e  e,  oil- 
globules  ;  f,  albumen ;  g,  vitelline  membrane ;  h,  yolk- vesicle ;  i,  keel  of  the  encephalon ; 
jfc,  ear ;  I,  tail ;  q,  vertebral  divisions ;  s,  cephalic  bend ;  t,  nuchal  bend ;  v,  epidermoidal  stra- 
tum ;  a:,  prosencephalon ;  y,  mesencephalon ;  s,  epenoephalon. 


Fig.  263. 


Embryo  of  Coretjonus paUea,  thirty-three  days  after  fecimdation ;— J,  yolk;  e,  oil-globules; 
j»,  pectoral  fin  ;  n,'ear ;  p,  chorda  dorsalis ;  r,  sheath  of  the  dorsal  chord ;  x,  prosencephalon  ; 
V.'mesencephal'on  ;  z,  epencephalon  ;  1,  pineal  gland ;  2,  buccal  intestine  ;  3,  ureter  ;  4,  anus  ; 
5,  ventral  intestine;  6,  kidneys;  7,  hver;  8,  mouth;  ii  and  iii,  second  and  third  Ijranchial 
fissures. 


each  principal  organ  has  been  already  given  under  its  own  head;  with 
the  exception  of  that  of  the  Nervous  system,  which  will  be  found  in  its 
proper  place  (§§  663,  667). 
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607.  lu  all  the  higher  Vertebrata,  we  find  that  at  an  early  period  of 
embiyouic  development,  provision  is  made  for  a  more  effectual  perform- 
ance of  the  Respiratory  function.  This  consists  in  the  development  of 
a  peculiar  membrane,  the  Allantois ;  M^hich  sprouts-fortli  from  the  caudal 
extremity  of  the  embiyo,  at  iii-st  as  a  little  mass  of  cells,  whose  interior 
is  soon  observed  to  be  hollow ;  and  which  continues  to  enlarge,  until  it 
surroimds  the  entire  embryo  (Figs.  264-267).    In  Reptiles  and  Birds, 

Fig.  264.*  Fig.  265.t 


*  Diagram  of  iTfemffM  0mm,  with  the  Amnion  in  process  of  formation: — a,  the  chorion ;  h  the 
yolt-hag,  surrounded  by  the  serous  and  vascuhir  laminte ;  c,  the  embryo ;  d,  e,  nndy,  external 
and  internal  folds  of  the  serous  layer,  forming  the  anuiion ;  g,  incipient  allantois. 

t  Diagram  representing  a  Human  Ovum  in  second  month  : — a  1,  smooth  portion  of  chorion  • 
a  2,  villous  portion  of  chorion ;  k,  k,  elongated  villi,  beginning  to  collect  into  Placenta;  h,  yolk- 
sac  or  umbiUcal  vesicle ;  c,  embryo ;  /,  amnion  (inner  layer)  ;  g,  allantois ;  h,  outer  'layer  of 
amnion,  coalescing  with  chorion. 

it  extends  itself  around  the  yolk-sac,  intervening  between  it  and  the 
membrane  of  the  shell ;  and  the  porosity  of  the  latter  allows  the  air  to 
have  free  access  to  the  blood,  which  is  copiously  distributed  upon  it.  It 
is  a  remarkable  circumstance,  that  this  membrane  should  not  merely  serve 
as  a  respiratory  organ,  but  that  it  should  also  stand  to  the  Corpora  Wolffi- 
ana,  or  temporary  kidneys,  in  the  light  of  a  receptacle  for  their  secretion, 
or  urinary  bladder.  The  greater  portion  of  this  allantois  is  afterwards 
cast-off  by  the  contraction  of  its  pedicle;  hut  a  part  of  its  root  is  usually 

retained,  to  be  converted  into  the  permanent  urinary  bladder.  In  Mam- 

mcdia,  however,  the  chief  office  of  the  allantois  is  to  convey  the  vessels  of 
the  embryo  to  the  internal  siu'face  of  the  Chorion  (Fig.  266);  the  tufts 
of  which  are  rendered  vascular  by  the  penetration  of  these  vessels  into 
them  (Fig.  267) ;  and  in  this  mode  the  embryo  is  nourished  for  a  time 
the  absorbent  tufts  drawing  their  supplies  by  endosmose  from  tlie  very 
vascular  lining  of  the  uterus. 

608.  Whilst  the  foregoing  changes  have  been  taking  place  in  the  ovmn 
the  mucous  membrane  lining  the  Uterus  hag  undergone  an  important 
change ;  for  it  has  become  extremely  thick  and  vascular,  and  its  follicles 
are  gi'eatly  enlarged,  and  appear  to  secrete  a  niitritive  material  from  the 
Wood.    When  the  tufts  of  the  chorion  come  into  apposition  with  it  thev 
insinuate  themselves  into  these  glandular  follicles;  and  absorb  the  mate 
nal  wliich  has  been  elaborated  by  them  for  the  support  of  the  embryo 
iiach  villus  of  the  chorion  contains  a  capillary  loop;  this  is  enclosed  in  a 

s  s 
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layer  of  cells,  and  this  again  in  a  lamina  of  basement-membrane;  the 
whole  constituting  the  fc&tal  tuft.  On  the  other  hand,  this  t\ift  is  in  ap- 
position "with  a  layer  of  cells  covering  the  orifices  of  the  utei-ine  glandulaj, 
and  these  lie  upon  the  basement-membrane  of  its  mucous  lining ;  forming 
the  maternal  portion  of  the  apparatus.  Such  is  the  highest  form  which 
it  assumes  in  the  Implacental  Mammalia  (§  68);-  the  ovum  being  ejected 
from  the  uterus,  before  any  further  changes  have  taken  place.  In  the 
higher  orders,  however,  we  find  such  a  concentration  of  this  arrangement 
in  one  or  more  spots,  as  is  adapted  to  bring  the  foetal  and  the  maternal 
blood-vessels  into  closer  approximation.  This  is  accomplished,  in  the  Rumi- 
nants, by  an  enlargement  and  miiltiplication  of  the  vascular  tufts  at  several 
points  of  the  surface  of  the  chorion,  so  as  to  form  what  are  termed  the 
foetal  cotyledons;  and  these  come  into  relation  with  a  corresponding  series 
of  maternal  cotyledons,  formed  by  the  enlargement  and  multiplication  of 
the  blood-vessels  of  the  lining  membrane  of  the  uterus.  No  inosculation 
takes  place  between  these  two  sets  of  vessels ;  but  the  loopings  of  each 


Fia.  266.^ 


Fig.  267.+ 


*  Diaeram  of  Kuman  Oomn  in  a  more  advanced  stage  --a  a',  the  Allantois  developing  itself 
around  the  embryo;  c  c' ,  the  cephaUc  and  caudal  prolongations  of  the  amniotic  sac,  nearly 
^tTd  ■  Tser^s  Syer  of  the  germinal  membrane ;  e' ,  vertebral  structure  of  the  fetus ; ,  mucous 
Cer  of  the  geSl  membrlne,  partly  converted  into  the  rudimentary  mtestme  i'  and  partly 
fo^^e  the  umbmcal  vesicle  o  »»,  portion  of  the  serous  layer  of  the  germinal  membrane 
rSed  to  fom  the  amnion;  «;rudiiientary  portion  of  the  iutestine,  representmg  the  rectum; 
Jl^fdfcte  of  t™  umbilical  vesicle;  r,  pedicle  of  the  allantois;  t,  hmit  of  the  area  vasculosa; 

preceding  figure.  j  1^ 

axe  received  into  the  interspaces  between  those  of  the  other;  and  each 
tuffc  is  covered  with  its  own  layer  of  basement-membrane  and  of  cells. 
In  Man,  however,  and  in  the  Quackumana,  Carmvora,  and  other  orders 
a  stm  more  concentrated  arrangement  is  found.  The  vascular  tufts  axe 
enormously  developed  from  one  portion  only  of  the  chorion;  and  they 
d?p-dZn,  as  it  were,  into  a  cavity,  whose  inner  wall  is  formed  by  an  ex- 
tension of  the  lining  membrane  of  the  large  veins  or  sinuses  of  the  uterus. 
T^former  which  are  the  ultimate  ramifications  of  the  umbilical  arteries. 
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Extremity  of  a,  Placental  Villus : — 

a,  external  membrane  of  the  ^-illus, 
contiuuous  with  theliiiing  membrane 
of  the  vascular  system  of  the  mother; 

b,  external  cells  of  the  villus,  belong- 
ing to  the  placental  deeidua;  c,  o, 
germinal  centres  of  the  external  cella; 
5,  the  space  between  the  maternal 
and  footal  portions  of  the  villus ; 


constitute  the  fcetcd  portion  of  the  Placenta  (as  this  compound  organ  is 
termed);  whilst  the  latter,  which  constitutes  its  'maternal portion,  is  irregu- 
lai-ly  subdivided  by  pai-titions,  formed  by  re- 
flexions of  its  wall  over  the  foetal  tufts ;  and 
each  of  these  reflexions  carries  with  it  an 
extension  of  the  celkdai-  layer  that  covers  the 
mucous  siu'face,  so  that  the  extremity  of  every 
loop  of  foetal  vessels  forming  a  placental  villus 
is  invested  first  by  a  foetal,  and  then  by  a 
maternal,  layer  of  cells,  a  space  being  usually 
observed  to  intervene  between  them  (Fig.  268). 
The  blood  is  conveyed  into  the  placental  cavity 
by  the  '  cm-ling  arteries '  of  the  iiterus ;  and 
after  it  has  been  brought  into  relation  with 
that  of  the  foetus,  it  is  returned  to  the  uterus 
by  large  apertures  communicating  with  its 

sinuses.    Thus  the  placental  tufts,  in  which  andfcotaiportionsoftheviiius;e,the 

the  foetal  blood  is  circulating,  are  bathed  (as  it   internalmembrane  ofthe  villus  con- 
,    .  Til?'  11  tmuous  with  the  external  membrane 

were)  m  the  maternal  blood,  just  as  the  bran-  of  the  chorion;/,  the  internal  ceils  of 
chi^_  of  aquatic  animals  are  bathed  in  the  JSop'otScS'^^^^^ 
medium  they  inhabit ;  and  an  interchange  can 

freely  take  place  by  endosmose  between  the  two  fluids,  although  no  more 
direct  communication  exists  between  the  two  systems  of  vessels.  This 
interchange  is  subservient  to  two  most  important  purposes.    The  fcetal 
tufts  draw  fi-om  the  maternal  blood  the  materials  which  are  required  for 
the  nutrition  of  the  embryo,  these  materials  having  been  first  elaborated 
by  the  two  sets  of  intervening  cells ;  and  in  this  character,  the  foetal  tufts 
resemble  the  villi  of  the  intestinal  surface,  which  dip-down  into  the  fluids 
of  the  alimentary  canal,  and  absorb  the  nutritive  materials  which  they 
furnish.    But  the  placenta  serves  also  as  the  instrument  for  the  depura- 
tion of  the  blood  of  the  foetus,  especially  by  the  respiratory  process ;  for 
the  aerated  blood  of  the  mother  will  necessarily  impart  oxygen  to  that  of 
the  foetus,  and  will  carry-off  its  carbonic  acid ;  so  that  in  this  respect  the 
foetal  tufts  may  be  likened  functionally,  as  well  as  structurally,  to  the 
gills  of  aquatic  Animals.    But  it  is  probable  that  during  the  early  stages 
of  embryonic  life,  before  the  proper  depurating  organs  of  the  foetus  have 
come  into  full  activity,  other  excretory  matter  may  be  got-rid-of  throuo-h 
the  same  channel ;  and  there  even  seems  a  strong  probability,  that  the 
fcetal  blood  may  so  react  upon  the  maternal,  as  to  communicate  to  it 
some  of  the  properties  which  it  has  derived  from  its  male  parent.  Such 
at  least,  seems  the  most  feasible  explanation  of  the  fact,  which  has  now 
been  observed  to  take  place  in  a  gi-eat  number  of  instances,  that  if  a  mare 
cow,  bitch,  or  other  mammiferous  female  (not  even  excepting  the  human 
species),  be  impregnated  in  the  first  instance  by  a  male  possessincr  some 
nmrked  peculiarity,  and  on  subsequent  occasions  by  a  difierent  male  the 
ofispnng  of  the  second  parentage  will  bear  in  greater  or  less  dec^ree'  the 
characters  of  the  first;  these  peculiarities  becoming  less  and  less^obvious 
on  each  successive  occasion.* 

*  See  the  very  bgemous  papers  on  this  subject  by  Dr.  Harvey,  in  the  "  Edinb.  Montlilv 
Sligh  1851  "  '  ""^^  ^  r.r..v^.^l.  effect  of  Cross-breSg,'' 
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Fio.  269. 


609.  Notwithstanding  the  peculiarity  of  the  provision  which  is  made 
iu  Mammalia  for  the  nutrition  of  the  embryo,  the  eaiiier  part  of  its 

course  of  development  pre- 
sents little  to  distinguish  it 
from  that  of  the  inferior 
classes.    It  may,  in  fact,  be 
said,  that  all  the  most  im- 
portant parts  of  the  appa- 
ratus of  Organic  life,  and 
even  the  fimdamental  poi-- 
tions  of  that  of  Animal  life, 
are    developed    upon  the 
same  general  plan  in  all 
Yertebrata;  and  that  the 
special  peculiarities  of  each 
class  only  gradually  evolve 
themselves.   The  conditions 
under  which  the  alimentary 
canal  (§§  162,  604), the  heart 
and  blood-vessels  (§§  254 — 
260),  the  liver  (§  412),  the 


Embryo  of  Dog,  twenty -five  days  after  the  last  copulation, 
enlarged  three  times  ; — a,  prosencephalon ;  4,  deutencephalon ; 
c,  mesencephalon;  d,  epencej)halon ;  e,  eje;f,  auditory  Tesicle ; 
q,  h,i,  visceral  arches;  7c,  i-ight  auricle;  I,  right  ventricle;  m, 
left  ventricle  ;  n,  bulbus  aorlicus ;  o,  pericardium ;  p,  liver ; 
g,  loop  of  intestine,  communicating  tlu-ough  r,  the  ductus  om- 
phalo-mesentericus,  vrith  s,  s, the uml^ilical  vesicle;  aUantois; 
K,  amnion;  v,  anterior  extremity;  x,  posterior  extremity; 
z,  nose. 

FiGt.  270. 


The  same  Embryo,  straightened,  and  seen  in  front ;— a,  a, 
nostrns-TiTeyes^  c,c,  -^<^-^>}^ -l^'^J"^!}!^ 
jaw 

ff.  _  _ 

oSlo-ZesTnteric^veTn ;  I,  stomach ;  nn,  intestine,  comniuni- 
cXgwit'the  umbiKcalveBicle  «  «;  0,0. 
p,  aUantois;  q,  q,  anterior  extremities, 
mi  ties. 


corpora wolffiana  (§  422), the 
vertebral  column  (§  604), 
the  nervous  centres  (§  663), 
and  the  ear  and  eye  (§§  716, 
724),  first   present  them- 
selves, exhibit  no  essential 
difierences  in  the  Fish,  Rep- 
tile, Bird,  or  Mammal;  and 
the  first  considerable  diver- 
gence  from   the  common 
type  is  shown  in  that  alte- 
ration in  the  structure  of  the 
Heart,  and  in  the  arrange- 
ment of  the  great  vessels, 
which  distinguishes  the  air- 
breathing  Vertebrate  from 
the  Fish;    whilst  in  the 
latter,  the  original  confor- 
mation is  retained,  and  is 
made  subservient  to  the  dis- 
tribution of  the  blood  in  the 
arterial  filaments.  So  again, 
at  a  later  period,  the  Cor- 
pora WoLffiana  give  place  iu 
the  air-breathing  Vertebrate 
to  the  permanent  Kidneys, 
but  remain  pei'sistent  in  the 

the 


posterior  extre-  Pish.    In  like  manner 

coru'se  of  development  of  the 
vertebral  elements  veiy  early  shows  those  peculiarities,  which  are  chai-ac- 
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teristic  of  the  type  of  the  Fish;  whilst  it  is  not  imtil  a  subsequent  jjeriod, 
that  in  these  or  any  other  pai-ts  (save  in  the  provisions  already  described 
for  the  nutrition  of  the  foetus  and  the  aeration  of  its  blood)  is  there  any- 
thing that  can  be  accounted  distinctive  of  either  of  the  higher  classes  of 
Vertebrata. — The  accompanying  figures  exhibit  an  early  phase  of  the 
evolution  of  the  Mammalian  embryo,  in  wliich  most  of  the  organs  are  in 
a  very  rudimentary  condition.    It  is  in  a  state  not  much  further  advanced 
than  this,  that  the  embryo  of  Monotremata  SindMarsupialia  is  expelled  from 
the  uteiTis;  ia  the  higher  orders,  however,  it  is  retained  in  that  cavity, 
and  continues  to  derive  its  supjjort  through  the  placenta,  until  nearly  all 
the  principal  organs  in  the  body,  save  the  generative,  are  prepared  for 
the  active  perfoi-mance  of  their  respective  fimctions.    Still  there  are 
considerable  differences  in  the  degree  of  independence  manifested  by  the 
young  Mammalia  of  different  orders  at  the  epoch  of  their  bii'th  j  those  of 
most  Garnivora  and  Rodentm,  for  example,  coming  into  the  world  in  a 
feeble  condition,  their  eyelids  being  adherent,  their  movements  feeble,  and 
their  caloiifying  j)ower  low ;  wlulst  those  of  Ruminants  possess  the  use  of 
the  visual  sense  from  the  first,  speedily  acquire  considerable  locomotive 
power,  and  can  maintain  their  own  heat. 

610.  Although  nothing  is  certainly  known  in  regard  to  the  causes 
which  influence  the  Sex  of  the  ofi'spring,  some  facts  which  have  been 
observed  on  this  curious  subject  are  worthy  of  being  here  adverted-to, 
with  the  purpose  of  stimulating  further  enquiry.  It  is  stated  by  Mr. 
Knight,  that  several  kinds  of  monoecious  Plants  can  be  made  to  produce 
solely-male  or  solely-female  flowers,  by  regulating  the  quantity  of  light 
and  heat  under  wliich  they  are  grown.  If  the  heat  be  excessive,  com- 
pared with  the  quantity  of  light  which  the  plant  receives,  male  flowers 
only  appear; — but  if  light  be  in  excess,  female  flowers  alone  will  be  pro- 
duced. In  this  case,  it  seems  Likely  that  both  sets  of  sexual  organs  exist  in  a 
mdimentary  state;  and  that  the  one  or  the  other  kind  is  developed  accord- 
ing to  external  circumstances.  To  the  same  industrious  experimenter  we 
owe  some  interesting  facts  in  regard  to  Animals,  to  which  this  explana- 
tion is  not  applicable.  He  remarks  that,  in  flocks  or  herds  of  domesticated 
quadrupeds,  it  is  no  uncommon  thing  to  meet  with  females,  whose  off- 
spring is  ahnost  invariably  of  the  same  sex,  although  it  may  have  resulted 
from  intercourse  with  several  dififerent  males ;  whilst,  on  the  other  hand, 
he  has  never  met  with  males  that  exhibited  any  such  uniformity  in  the 
sex  of  their  offspring  with  different  females.  Hence  he  concludes  that 
the  female  parent  exercises  the  chief  influence  in  determining  the  sex 
An  experiment  upon  the  fecundation  of  Birds,  which  he  states  to  have 
been  frequently  repeated,  gave  the  foUoAving  curious  result.  When  the 
female  was  kept  without  intercourse  with  the  male,  up  to  nearly  the  time 
of  laymg,  so  that  the  eggs  had  advanced  very  far  in  their  development  at 
the  time  of  fertilization,  the  proportion  of  males  among  the  offsprino-  was 
veiy  large,— commonly  about  six  out  of  seven.*  Some  observations 
which  have  been  made  on  the  Human  species  tend  to  show,  that  there  is 
a  probability  of  a  majority  in  the  number  of  one  sex  over  the  other 
according  to  the  relative  ages  of  the  parents;— the  male  children  pre- 
dominating in  those  families  in  which  the  flither's  age  is  considerably 
above  the  mother  s,  and  vice  versci.\  ^ 

*  ''Selections  from  Mr  KnigM'B  Pliysiological  Papers,"  pp.  347,  357 
f  Quctelefc  "  Siu- L' Homme,"  Tom.  I.,  pp.  52,  53.  ' 
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611.  Ill  no  tribe  of  animals  save  Mammalia,  do  we  find  that  the  young 
are  nourished  exclusively,  for  some  time  after  their  birth,  by  a  fluid 
secreted  from  th.e  blood  of  the  maternal  parent ;  the  nearest  ajjproach  to 
this  is  presented  by  the  Pigeon,  whose  '  crop '  diu-ing  the  breeding  season 
secretes  a  milky  fluid,  which  is  mingled  with  the  macerating  grains,  and 
is  retm-ned  with  them  to  the  mouth,  to  be  imparted  to  the  young.  The 
Mammary  Glands  present,  in  the  diflferent  orders,  a  considerable  variety, 
both  in  situation  and  in  grade  of  development.     In  the  greater  part  of" 
the  class,  they  are  found  in  close  connection  with,  the  generative  apparatus, 
their  orifices  iii  the  Cetacea  being  very  near  the  outlets  of  the  rectum  and 
vagina,  whilst  in  many  other  groups  (as  the  Ruminants)  they  are  only  a 
little  removed  from  these ;  but  as  we  ascend  towards  Man,  we  find  them 
occupying  a  more  and  more  advanced  position  on  the  trimk,  tmtil  they 
are  limited,  as  in  him,  to  the  pectoral  region.     In  complexity  of  struc- 
ture, also,  the  advance  is  alike  gradual :  for  the  Mammary  glands  of  the 
Ornitlwrhyncus  are  of  the  most  simple  conformation,  consisting  of  a  mere 
cluster  of  isolated  follicles  without  any  nipple  (Fig.  171);  those  of  the 
Cetacea  are  but  little  above  them  in  structure,  and  the  nipples  are  biuied 
in  a  cleft  of  tbe  integument;  whilst  in  the  higher  Mammalia,  these 
glands  are  formed  upon  a  very  elaborate  type,  and  the  nipples  are  pro- 
minently developed,  so  as  to  be  received  into  the  mouth  of  the  offspring, 
which  draws-forth  the  secretion  by  suction.     The  most  remarkable 
development  of  the  nipple,  however,  is  found  in  the  ^farsujnalia,  in 
which  it  serves  for  the  attachment  of  the  '  marsiipial  foetus,'  and  for  the 
conveyance  into  its  oesophagus  of  the  secreted  fluid,  which  is  here  ex- 
pelled fi-om  the  mammary  gland  by  the  action  of  a  compressor  muscle. 
A  similar  expulsor  action  seems  to  be  exercised  by  the  abdominal 
muscles  of  the  Ornithorhyncus;  for  although  (as  Prof  Owen  has  shown) 
tbe  young  possesses  flexible  lips  instead  of  the  horny  bill  of  the  advilt,  with 
a  tongue  "adapted  for  suction,  these  can  scarcely  act  effectually  without  a 
uipple,  and  the  nutriment  is  probably  imparted  and  received  by  both 
actions  conjointly. 

612.  The  Milk  of  most  Mammalia  consists  of  Water,  holding  in  solu- 
tion a  peculiar  albuminous  svibstance  termed  Caseine,  and  various  Saline 
ingredients,  together  with  (in  most  instances)  a  certain  form  of  Sugar ; 
and  having  Oleaginous  globules  suspended  in  it.  The  most  important 
difference  between  Caseine  and  Albumen  consists  in  the  fact,  that  the 
former  is  not  coagulated  by  heat,  which  precipitates  the  latter;  and  that  it 
is  coagulated  by  acetic  acid,  which  has  no  eff"eot  upon  the  latter.  Caseine 
is  very  remarkable  for  the  facility  with  which  it  may  be  coagulated  by 
the  contact  of  certain  animal  membranes;,  thus  a  piece  of  'rennet,'  which 
is  nothing  else  than  the  dried  stomach  of  a  calf,  wiU  coagulate  the  caseine 
of  1800  times  its  weight  of  milk.  Further,  Caseine  appears  to  sm-pass 
albumen  in  its  power  of  combining  with  the  phosphates  of  lune  and 
magnesia,  and  rendering  them  soluble;  and  it  seems  to  be  m  this  mode, 
that  the  earthy  phosphates,  which  are  so  important  for  the  consolidation 
of  the  bones  of  the  suckling  animal,  are  introduced  into  its  system.— 
Save  in  the  larger  proportion  of  these  substances,  the  Saline  matter  ol 
Milk  is  nearly  the  same  as  that  of  blood.-The  Sugar  of  Milk  is  peculiar 
as  containing  nearly  12  per  cent,  of  water  ;  so_  that  it  may  milly  be  con- 
sidered as  a  hydrate  of  sugar.     It  is  nearly  identical  in  its  composition 
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with  starch;  and  it  appeai-s  to  be  directly  formed  at  the  expense  of  the 
farinaceous  elements  of  the  food.  Sugar  of  milk  is  chiefly  remarkable 
for  its  proneness  to  metamorphosis  into  lactic  acid,  under  the^  influence 
of  a  decomposing  animal  membrane  which  acts  as  a  'ferment;'  and  it  is 
thoxtght  by  some,  that  the  agency  of  such  a  membrane  in  occasioning  the 
coagulation  of  caseine,  is  first  exerted  in  producing  lactic  acid,  which  in 
its  turn  acts  upon  the  caseine.— The  Oleaginous  globules,  which  consist 
of  the  substance  called  butyrine,  are  surroimded  by  a  thin  pellicle,  that 
keeps  them  from  coalescing  whilst  the  milk  is  at  rest;  but  when  it  is  agi- 
tated, the  envelopes  of  the  oil-globules  are  broken,  and  they  run-together, 
so  as  to  form  butter.  It  has  been  ascertained  that  butyric  acid  is  one  of 
the  products  of  the  change  in  sugar  produced  by  the  contact  of  putrescent 
animal  membranes ;  and  it  can  scarcely  be  doubted  that  it  is  directly 
producible  by  the  transformation  of  that  substance  in  the  living  body. — 
Thus  Milk  contains  the  three  classes  of  organic  principles,  which  form 
the  chief  part  of  the  ordinary  food  of  animals,  namely,  the  albuminous, 
the  saccharine,  and  the  oleaginous;  together  with  those  mineral  com- 
pounds, which  are  required  for  the  development  and  consolidation  of  the 
fabric  of  the  infant.  It  would  appear,  however,  that  the  proportions  of 
these  may  vary  considerably ;  having  reference  partly  to  the  composition 
of  the  food  on  which  the  animal  is  habitually  supported,  and  partly  to 
the  constitution  of  the  animal  itself  Thus,  in  the  Car-nivora,  so  long  as 
they  live  upon  a  purely-animal  diet,  the  milk  contains  little  sugar;  but 
if  they  be  fed  upon  a  mixed  diet,  sugar  soon  becomes  abundant  in  their 
milk.  Amongst  the  different  species  of  Herbivorous  animals,  also,  the  pro- 
portion of  the  several  ingredients  varies  considerably ;  and  it  is  also  liable  to 
variation  in  the  same  individual,  according  to  the  nature  of  the  food,  the 
amount  of  exercise  taken  by  the  animal,  and  other  circumstances.  Thus 
in  the  milk,  of  the  Cow,  Goat,  and  Sheep,  the  average  proportions  of 
Caseine,  Butter,  and  Sugar  are  nearly  the  same  one  with  another,  each 
amoimting  to  from  3  to  5  per  cent.  In  the  milk  of  the  Ass  and  Mare, 
on  the  other  hand,  the  proportion  of  caseine  is  under  2  per  cent.,  the 
oleaginous  constituents  are  scarcely  traceable,  whilst  the  sugar  and  allied 
sxibstances  rise  to  nearly  9  per  cent.  In  the  Human  Female,  the 
saccharine  and  oleaginous  elements  are  both  present  in  large  amount; 
whilst  the  caseine  bears  a  smaller  proportion. — The  proportion  of  the 
saccharine  and  oleaginous  elements  appears  to  be  specially  affected  by  the 
amount  in  which  these  are  present  in  the  food,  and  by  the  degree  in 
which  the  quantity  ingested  is  consumed  by  the  respiratory  process. 
Thus,  a  low  external  temperature,  and  out-door  exercise,  by  increasing 
the  production  of  carbonic  acid  from  the  lungs,  occasion  a  consirmption 
of  the  oleaginous  and  saccharine  matters  which  might  otherwise  pass 
into  the  milk,  and  thus  diminish  the  amount  of  cream.  On  the  other 
hand,  exercise  favoiu-s  the  secretion  of  caseine ;  wliich  would  seem  to 
indicate,  that  this  ingredient  is  derived  from  the  disintegration  of  the 
azotised  tissues.  Thus  in  Switzerland,  the  cattle  which  pasture  in 
exposed  situations,  and  which  are  obliged  to  use  a  great  deal  of  muscular 
exertion,  yield  a  very  small  quantity  of  butter,  but  an  unusually  large 
proportion  of  cheese;  yet  the  same  cattle,  when  stall-fed,  give  a  laro-e 
quantity  of  buttei',  and  very  little  cheese.  ^ 
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4.  On  the  Laws  of  the  Exercise  of  tlie  Generative  Function. 

^^i^^^f^^''^  contemplate  the  immense  number  of  diversified  forms 
which  the  study  of  the  Organised  creation  brings  under  our  ^tL  aTd 
witness  these  distinct  forms  perpetuated,  as  it  would  seem,  by  the  proce2 
ot_  feneration,  so  as  to  constitute  separate  races,  the  question  naturalW 
arises,  whether  all  these  had  a  different  origin;  or  whether  the  charactcis 
t  T^r  .^^^^^^.h^^^'.l^een  so  modified  in  the  course  of  time,  as  to  lead  to 
the  belief  m  a  diversity  of  origin  among  those,  which  were  at  first  reallv 
identicia  When  It  can  be  shown  that  two  races  have  had  a  separate 
origin  they  are_ regarded  as  of  different  species;  and,  in  the  absence  of 
proof,  this  IS  xvferred,  when  we  see  some  pecuUarity  of  organisation, 
characteristic  of  each,  so  constantly  transmitted  from  pai-ent  to  offspring 
that  the  one  cannot  be  supposed  to  have  lost,  or  the  other  to  have  acquired 
It,  through  any  known  operation  of  physical  causes.  It  is,  therefore 
a  pomt  of  the  utmost  importance  to  the  Naturalist,  to  ascertain  what 
these  constant  distmctions  are;  whilst  it  is  an  investigation  of  hicrh 
interest,  in  a  Physiological  point  of  view,  to  trace  the  modifyinc^  influ- 
ence of  external  cii-cumstances  upon  the  structure  and  functions  of  livino- 
beings,  and  to  enquire  how  far  the  results  of  such  influences  may  be 
transmitted  hereditarily,  so  that  the  differences  produced  by  them  may  be 
perpetuated.— Where  races  which  have  originally  sprung  from  a  common 
stock  present  marked  differences,  they  are . spoken-of  as  varieties;  and 
the  variety  may  be  transient,  from  its  peculiarity  manifesting  a  tendency 
to  disappear,  or  permanent,  where  it  continues  to  be  transmitted  without 
change.  The  uncertainty  of  the  reputed  Umits  of  species  is  daily  becoming 
more  and  more  evident ;  and  every  JSTaturalist  is  aware,  that  a  very  large 
number  of  races  are  usually  considered  as  having  distinct  origins,  when 
they  are  nothing  more  than  permanent  varieties  of  a  common  stock. 
Whilst  the  exertions  of  the  enterprising  discoverer  are  adding  to  our 
already  enormous  list  of  species,  from  the  unexplored  resources  of  foreign 
lands,  the  skill  of  the  horticulturist  and  of  the  breeder  is  exerted  to 
produce  new  varieties  of  species  already  in  our  catalogues;  and  it  has 
unfortunately  too  often  happened,  that  a  new  specific  name  has  been 
invented  for  the  latter  as  well  as  for  the  former;  and  that  a  mere  hybrid 
or  transient  variety  has  thus  taken  the  rank  of  a  species,  to  the  confusion 
of  all  true  principles  of  arrangement.  The  philosophic  naturalist,  on 
the  other  hand,  aims  to  reduce  the  number  of  species,  by  investigating 
the  degree  of  variation  which  each  is  liable  to  undei-go,  the  forms  it 
assumes  at  different  periods  of  its  existence,  the  permanent  characters  by 
which  it  may  be  distinguished  during  its  whole  life,  the  habits  which  are 
natural  to  it,  the  degree  in  which  these  may  be  changed  by  the  influence 
of  cil-cumstances ;  and,  in  fine,  he  endeavours  to  become  acquainted  with 
the  whole  Natural  History  of  a  reputed  species,  before  separating  it  from 
another  to  which  it  may  be  closely  allied. 

614.  Many  examples  may  be  given,  of  the  success  with  which  this 
mode  of  investigation  is  now  being  prosecuted.  The  belief  which  is 
gaining  ground,  that  many  diversified  forms  of  the  simpler  Cryptogamia, 
especially  Fimgi,  may  arise  from  similar  germs  develojaed  under  diflerent 
circumstances,  has  already  been  noticed  (§  489)  ;  and  among  the  higher 
Plants,  the  experiments  of  Mr.  Herbert  on  the  primrose,  cowslij),  oxslip, 
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and  polyanthus  (which  he  has  proved  to  be  all  varieties  of  one  species),  are 
sufficient  evidence  of  the  important  results  which  would  probably  accrue 
li-om  a  similar  investigation  in  other  quai"ters.  The  uncertainty  of  all 
principles  of  airangement  founded  upon  ai'bitrary  characters,  has  been 
demonstrated  by  the  fact  recently  published,*  that  the  flowers  and 
pseudo-bulbs  of  thi-ee  reputed  genera  of  Orchideous  plants  have  been  pro- 
duced by  the  same  individual,  f — In  Zoology,  again,  it  is  only  necessaiy 
to  recall  the  phenomena  which  have  been  arranged  irnder  the  head  of 
'  alternation  of  generations,'  to  see  how  diverse  may  be  the  forms  pre- 
sented by  the  very  same  being  at  different  epochs  of  its  existence.  The 
gi'eat  influence  of  external  circumstances  in  modifying  the  form  of  shells, 
has  been  pointed-out  by  Mr.  J.  E.  Gray  j  %  shown,  among  other 

instances,  that  what  have  been  regarded  as  six  distinct  species  of  Murex 
are  in  reality  but  different  states  of  one;  and  Mr.  S.  Stutchbury  has  been 
equally  successful  in  reducing  the  number  of  species  of  Patella,  Gyprcea, 
and  Oliva,  by  attending  to  the  changes  of  form  which  each  individual 
undergoes  in  the  progress  of  its  development.  Many  instances  might  be 
related,  in  proof  of  the  uncertainty  of  reputed  specific  distinctions  among 
higher  classes ;  thus.  Insects  have  been  seen  presenting  the  characters  of 
different  species  on  the  two  sides  of  the  body ;  and  it  is  now  certain 
that  an  erroneous  multiplication  of  species  among  Birds,  especially  in  the 
migrating  tribes,  has  been  occasioned  by  their  change  of  plumage  at 
different  seasons. 

615.  The  N'aturaHst  endeavours  to  simplify  the  pursuit  of  his  science, 
by  the  adoption  of  easily-recognised  external  characters,  as  the  basis  of 
his  classification  of  the  multitudinous  forms  which  he  brings  too-ether  • 
but  such  can  only  be  safely  employed,  when  indicative  of  pecu.liarS}ies  in 
mternal  structure,  which  are  found  to  be  little  subject  to  variation,  and 
which  are  not  liable  to  be  affected  by  the  influence  of  physical  causes. 
Ihe  colour  of  flowers,  for  example,  is  liable  to  so  much  alteration  from 
the  influence  of  soU  and  climate,  that  it  is  seldom  regarded  as  of  itself 
any  test  of  the  unity  or  diversity  of  species.  In  certain  moths  and 
butterflies,  on  the  other  hand,  the  uniform  appearance  of  particular  spots 
on  the  wings  is  held  sufficient  to  constitute  a  specific  character,  because 
It  IS  never_  known  to  vary  in  those  kinds ;  and  it  would  probably  be 
found  associated,  if  the  examination  were  pushed  far  enough,  with  some 
unequivocal  differences  in  the  configuration  of  internal  organs  :  in  other 
cases,  however,  there  is  considerable  tendency  to  change;  but,  as  in  the 
coloui;ing  of  plants,  there  are  usually  certain  limits  within  which  the 
varieties^  of  shade  are  restrained.  Sometimes  one  sex  varies  extremely 
httle  whi  e  the  form  and  colour  of  the  other  present  much  diversity 
Amidst  all  these  difficulties  attending  the  discrimination  of  species  from 
structural  characters  alone,  it  is  not  unreasonable  to  enquire,  if  there  be 
any  other  means  of  eff-ecting  the  object  with  greater  certainty.  This 
subject  has  been  fully  considered  by  Dr.  Prichard  in  his  elaborate  woi 
on  the  Physical  History  of  Man  ;  all  that  can  be  here  adverted-to,  are  the 

*  "LiniiDBan  Transactions,"  Vol.  XVII 
neat  BStoriin'nf  •  ovm  notice  in  tlie  Durdliam  Dow  Nursery 

t  "  Philosophical  Tx£.LS<'  i833.  '     '  " 
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laws  according  to  which  the  intermixture  of  species,  and  the  transmission 
of  hereditary  or  acquired  ]3eculiarities  from  parent  to  ofispring,  appear  to 
take  place. — The  conclusion  wliich  has  now  been  attained  on  the  first  of 
these  points,  and  which  (if  stated  in  a  sufficiently  general  form)  is  equally 
applicable  to  both  the  Animal  and  Vegetable  kingdoms,  may  be  regarded 
as  one  of  the  most  valuable  tests  which  the  naturalist  possesses.  In 
Plants,  the  stigma  of  the  flower  of  one  species  may  be  fertilized  with  the 
pollen  of  ^  an  allied  species ;  and,  from  the  seeds  produced,  plants  of  an 
intermediate  character  may  be  raised.  But  these  hybrid  plants  will  not 
usually  perpetuate  the  race ;  for,  although  they  may  ripen  the  seed  for 
one  or  two  generations,  they  will  seldom  continue  to  reproduce  them- 
selves beyond  the  third  or  fourth.*  But,  if  the  intervention  of  one  of 
the  parent-species  be  used,  its  stigma  being  fertilized  by  the  pollen  of  the 
hybrid,  or  vice  versd,  a  mixed  race  may  be  kept-up  for  some  time  longer  j 
but  it  will  then  have  a  manifest  tendency  to  return  to  the  form  of  the 
parent  whose  intervention  has  been  employed.  Where,  on  the  other 
hand,  the  parents  were  themselves  only  varieties,  the  hybrid  is  only 
another  variety,  and  its  powers  of  reproduction  are  rather  increased  than 
diminished;  so  that  it  may  continue  to  propagate  its  own  race,  or  may  be 
used  for  the  production  of  other  varieties,  almost  ad  infinitum.  In  this 
way  many  beautiful  new  varieties  of  garden  flowers  have  been  obtained, 
especially  among  such  species  as  have  a  natural  tendency  to  change  their 
aspect,  t  Amongst  Animals,  the  limits  of  hybridity  are  more  narrow, 
since  the  hybrid  is  totally  unable  to  continue  its  race  with  one  of  its  own 
kind  ;  and  although  it  may  be  fertile  with  one  of  its  parent-species,  the 
progeny  will  of  course  be  nearer  in  character  to  the  pure  blood,  and  the 
race  will  ultimately  merge  into  it.|  In  Animals,  as  among  Plants,  the 
mixed  ofisprings  originating  from  difierent  races  within  the  limits  of  the 
same  species,  generally  exceed  in  vigour,  and  in  the  tendency  to  multiply, 
the  parent-races  from  which  they  are  produced;  so  as  often  to  gain 
ground  upon  the  older  varieties,  and  gradually  to  supersede  them.  Thus, 
the  mixture  of  the  European  races  with  the  Hindoo  and  South  American, 
has  produced  tribes  of  such  superior  characters  of  body,  and  of  such 
rapid  tendency  to  multiplication,  that  there  is  reason  to  believe  that  they 
will  ultimately  become  the  dominant  powers  in  the  community.  §  The 

*  The  strict  form  in  wMch  tMs  law  tas  been  stated  ia  former  editions  of  this  -work, 
appears  to  require  modification ;  Dr.  Bell  Salter  having  obtained  fertile  hybrids  between 
Epilohium  tetragonum  and  E.  montaiium,  and  between  Geum  rivale  and  G.  urbanum, — 
species  whose  diversity  can  scarcely  be  questioned.  (Seethe  "  Phytologist,"  Vol.  IV., 
P-  737.) 

f  There  are  many  instances  in  which  foreign  plants,  that  have  been  introduced  into 
this  country  under  diiferent  specific  names,  have  been  found  capable  of  producuag  fertile 
hybrids  ;  in  these  cases  a  more  accurate  examination  of  the  original  locality  has  generally 
shown,  that  the  parents  were  nothing  more  than  permanent  varieties,  or  even  hybrids 
naturally  occurring  between  other  varieties.  This  is  particularly  the  case  with  many  of 
the  South  American  genera,  such  as  that  elegant  garden  flower,  the  Calceolaria;  and  this 
is  probably  the  explanation  of  the  almost  indefinite  number  of  splendid  varieties,  well  known 
to  horticulturists,  which  may  be  obtained  from  the  South  American  Amaryllis.^ 

X  One  or  two  instances  have  been  mentioned,  in  which  a  Mule  has,  from  union  with  a 
similar  animal,  produced  offspring ;  but  this  is  certainly  the  extreme  limit,  since  no  one 
has  ever  maintained  that  the  race  can  be  continued  further  than  one  generation,  without 
admixture  with  one  of  the  parent-species.  ,    ir  ,  t 

§  Several  additional  instances  of  this  kind  are  related  in  Dr.  Pnchard  s  work,  Vol.  X., 
)).  147,  and  in  Mr.  G.  Combe's  "  Constitution  of  Man,"  chapter  v. 
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general  princii^le,  then,  is  that  beings  of  distinct  species,  or  descendants 
from  stocks  originally  different,  are  not  likely  to  produce  a  mixed  race 
which  shall  possess  the  capability  of  perpetuating  itself;  whilst  the  union 
of  varieties  has  a  tendency  to  produce  a  race  superior  in  energy  and  fer- 
tility to  its  parents. 

GIG.  In  examining  into  the  characters  of  the  different  species  of  Plants 
and  Animals,  with  which  different  regions  on  the  earth's  surface  are 
peoi^led,  the  iSTaturalist  soon  becomes  aware  that  there  are  many  kinds 
which  are  restricted  to  particular  localities,  whilst  others  are  diffused 
extensively  or  even  universally  over  the  globe ; — that  there  are  some  spots 
(especially  insular  ones),  of  which  the  aboriginal  inhabitants  are  almost 
entirely  different  from  those  elsewhere  found; — and  yet  that  amongst 
these,  there  Avill  always  be  found  species  holding  the  same  rank  with 
regard  to  the  remainder,  and  thus  rejjresenting  each  other  in  different 
countries.*  Thus,  the  species  of  Plants  and  Animals,  originally  inhabit- 
ing the  eastern  and  western  hemispheres,  were  probably  almost  entirely 
different,  until  the  agency  of  man  changed  their  geographical  distribu- 
tion ;  and  almost  the  same  may  be  said  of  the  species  north  and  south  of 
the  equator.  On  the  other  hand,  Man,  and  his  constant  attendants  the 
dog  and  the  house-fly,  exist  in  every  quarter  of  the  globe.  Again,  we 
find  in  New  Holland  no  quadrupeds  which  do  not  belong  to  the  order 
Marsupialia  or  Monotremata,  with  the  exception  of  a  dog  wMcli  is 
believed  to  have  been  introduced  by  man,  and  to  have  run  wild;  and 
none  of  these  species  are  found  elsewhere.  The  greater  part  of  the 
plants  also  belong  to  distinct  genera ;  and  those  included  in  the  genera 
occun-ing  elsewhere  constitute  distinct  species, — with  scarcely  any  excep- 
tion but  among  the  Cryptogamia,  the  distribution  of  which  seems  more 
extended  than  that  of  Flowering-plants.  The  Flora  of  insular  situations, 
if  at  a  great  distance  from  land,  contains  very  few  species  which  occur 
elsewhere.  Thus,  among  the  Flowering-plants  of  St.  Helena,  .which  is  so 
far  removed  even  from  the  western  shores  of  Africa,  there  have  been 
found,  out  of  61  native  species,  only  two  or  tlwee  which  exist  in  any  other 
part  of  the  globe.  From  these  and  many  similar  facts  it  appears  fair  to 
conclude,  that  every  species  of  plant  and  animal  had  originally  a  distinct 
centre,  from  which  it  has  spread  itself,  according  to  the  capabilities 
possessed  by  its  structure  of  adapting  itself  to  changes  in  its  external 
conditions,  its  own  locomotive  powers,  and  the  degree  in  which  it  is 
subject  to  external  agencies.  "  What  is  a  rare  plant,"  says  Decandolle, 
"  but  one  which  is  so  organised  that  it  can  only  live  in  a  particular 
locality,  and  which  perishes  in  all  others;  such  a  plant  is  incapable  of 
assuming  different  forms.  What,  on  the  other  hand,  is  a  common  plant? 
It  IS  one  robust  enougli  to  exist  in  very  different  localities,  and  imder 
veiy  different  circumstances,  and  which  wHl  therefore  put  on  many 
different  forms."  Plants,  then,  are  liable  to  run  into  varieties,  in  pro- 
portion as  they  are  more  robust,  more  common,  or  more  cultivated;  and 

*  "  We  see  in  two  distant  countries  a  similar  relation  between  the  Plants  and  Insects 
of  the  same  families,  tliough  the  species  of  both  are  different.  When  Man  is  the  a-ent  in 
introducing  into  a  country  a  new  species,  this  relation  is  often  broken  ;  as  one  inst^ce  of 
this  I  may  mention  that  the  leaves  of  tlie  cabbages  and  lettuces,  which  in  England  affoid 
food  to  such  a  multitude  of  slugs  and  caterpillars,  in  the  gardens  near  Rio  are  imtouched  " 
Darwin,  in  "  .Tonrnal  of  the  Voyage  of  the  Beagle."  """"utnea. 
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some  native  sijecies  are,  from  this  cause,  domesticated  with  greater  difficulty 
thxin  many  exotics.  Precisely  the  same  may  be  said  of  Animals;  those 
which  have  the  power  of  adaptation  to  differences  of  temperatm-e,  food 
&c.  are  most  universally  cUffused;  while  those  that  can  only  exist  within 
narrower  limits  of  variation,  are  restricted  to  the  neighbourhood  of  their 
original  locality.* 

617.  It  becomes  a  most  interesting  question,  then,  to  detennine  what 
are  the  changes  which  may  be  produced  by  the  influence  of  external 
circumstances,  and  how  far  these  are  hereditarily  transmissible.  On  this 
subject,  a  few  facts  may  be  stated,  which  will  give  an  insight  into  the 
nature  of  the  enquiry;  but  it  is  one  which  deserves  more  attention  than 
it  has  yet  received,  since  it  is  not  only  essential  to  the  correctness  of  all 
Natural-history  classifications,  but  is  connected  with  some  of  the 
highest  questions  in  Physiological  science. — One  of  the  most  obvious  dis- 
tinctions, where  it  is  well-marked,  is  that  of  size ;  and  yet,  as  we  have 
already  seen  (§  118),  it  is  one  peculiarly  open  to  fallacy.  Not  only  the 
size  of  the  entire  organism,  but  the  relative  development  of  individual  parts, 
may  be  greatly  modiEed  by  the  supply  of  food ;  this  is  especially  the  case 
in  Plants,  whose  tissues  are  simple,  and  whose  different  organs  closely 
resemble  each  other  in  elementary  constitution.  Thus,  cultivation  not  only 
converts  a  '  single'  flower  into  a  '  double'  one  (§  92),  but  obliterates  spines, 
prickles,  and  thorns,  from  the  surface  of  many  plants ;  a  change  which  was 
fancifully,  but  not  improperly,  termed  by  Linnaeus  "the  taming  of  Avild 
fruits."  The  instances  of  such  alterations  effected  by  external  agency  in 
the  Vegetable  kingdom,  are  almost  innumerable ;  and  they  are  not  confined 
to  structure,  being  observed  in  habit  also.  Thus,  many  plants,  which  are 
annuals  in  a  cold  climate,  become  perennial  if  transi^orted  to  the  torrid 
zone ;  and  plants  which  are  usually  biennial,  forming  their  organs  of  vege- 
tation one  year,  and  those  of  fructification  in  the  second,  and  then  perish- 
ing, may  be  converted  into  annuals  by  heat,  or  iuto  triennials  by  cold.  It 
is  very  difficult,  however,  to  say  how  far  the  varieties  thus  created  may 
become  permanent  by  their  hereditary  transmission.  The  usual  principle 
is,  that  propagation  by  seeds  will  only  reproduce  the  S2)ecies,  the  race  not 
being  continued  with  any  certainty.  In  most  Plants  which  have  been  much 
altered  by  cultivation — such  as  the  Apple,  the  Cabbage,  or  the  Dahlia — 
the  seeds,  if  dropped  on  a  poor  soil,  will  produce  offspring  which  ajDproxi- 
mates  to  the  original  type  of  the  species;  whilst  from  the  seeds  of  the 
Cerealia  (corn-grains),  which  are  believed  to  have  been  originally  gi'asses 
of  some  very  different  aspect,  no  other  forms  are  ever  produced,  which 
might  assist  in  the  solution  of  the  curious  problem  of  their  origin.  It 
is  not  improbable  that,  as  among  animals,  varieties  which  arise  from  some 
peculiarity  in  the  constitution  of  the  being  itself,  are  more  liable  to  be 
reprodvTced  in  the  offspring,  than  those  which  are  simply  the  result  of 
external  agencies.  It  is  evident,  at  least,  that  here  also  the  capability  of 
undergoing  such  modifications,  is  that  which  renders  the  species  most 
truly  valuable  to  Man. 

618.  Amongst  Animals,  the  various  breeds  of  domestic  cattle,  of  the 

*  The  geograpliiccal  distribution  of  organised  beings  is  a  question  of  the  highest  interest 
to  the  Physiologist  as  well  as  to  the  Naturalist ;  and  it  is  one  of  those  which  requires  the 
utmost  elucidation  it  can  obtain  from  the  combined  researches  of  botli.  It  is  a  depai-tmeut 
of  inquiry  which  is  at  present  being  most  successfully  prosecuted  by  Prof.  E.  Forbes. 
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horae,  dog,  &c.  afford  abundant  evidence  of  the  modifying  infliience  of 
external  conditions ;  since  there  is  little  doubt  that  they  have  respec- 
tively originated  fi-om  single  stocks,  and  that  their  peculiarities  have  been 
engrafted,  as  it  were,  upon  theii-  specific  characters.  Between  the  Shet- 
land pony  and  the  Arabian  racer,  for  example,  or  between  the  Newfound- 
land dog  and  the  Italian  greyhou.nd,  there  would  seem  much  greater 
difference  than  between  the  Lion  and  Tiger  (the  skulls  of  which  are  so 
much  alike  that  even  Cuvier  was  not  always  able  to  distinguish  them),  or 
between  various  other  species  of  the  Feline  tribe,  which,  from  the  inca- 
pability of  domestication,  have  not  been  exposed  to  such  influences. 
But  that  these  domesticated  races,  however  different  their  external 
characters,  have  a  common  origin,  is  indicated  by  the  perfect  freedom 
with  which  they  breed  together ;  and  by  the  fact  that,  whenever  they 
return  to  a  state  of  nature, — as  is  the  case  with  the  dogs  introduced  by 
the  Sijaniards  into  Cuba,  and  the  horses  and  wild  cattle  which  now  over- 
spread the  plains  of  South  America, — the  differences  of  breed  disappear, 
and  a  common  form  is  possessed  by  all  the  individuals.  It  is  not  a  little 
curious,  too,  that  instincts  which  must  have  remained  dormant  for  many 
generations  during  the  domesticated  condition  of  the  race,  should 
re-appear  when  this  change  takes  place  in  its  habits;  thus,  among  the 
wild  horses  of  South  America,  there  is  the  same  tendency  to  associate  in 
herds,  under  the  protection  of  a  leader,  as  among  those  of  Asia,  whose 
ancestors  are  not  known  to  have  been  ever  reduced  to  subjection.  "It 
seems  reasonable  to  conclude,"  as  Sii-  C.  Lyell  has  justly  remarked 
"that  the  power  bestowed  on  the  horse,  the  dog,  the  ox,  the  sheep,  the 
cat,  and  many  species  of  domestic  fowls,  of  supporting  almost  every 
climate,  was  given  expressly  to  enable  them  to  follow  man  throughout 
all  parts  of  the  globe,  in  order  that  he  may  obtain  their  services^  and 
they  our  protection."  "  Unless  some  animals  had  manifested  in  a'  wild 
state  an  aptitude  to  second  the  efforts  of  man,  their  domestication  would 
never  have  been  attempted.  If  they  had  all  resembled  the  wolf,  the  fox 
and  the  hyaena,  the  patience  of  the  experimentalist  would  have  been 
exhausted  by  innumerable  failures,  before  he  at  last  succeeded  in  obtain- 
ing some  imperfect  results;  so,  if  the  first  advantages  derived  from  the 
cultivation  of  plants,  had  been  elicited  by  as  tedious  and  costly  a  process 
as  that  by  which  we  now  make  some  slight  additional  improvement  in 
certain  races,  we  should  have  remained  to  this  day  in  ignorance  of  the 
greater  number  of  their  useful  qualities." 

619.  How  all  those  varieties  have  been  produced,  which  are  now  so 
numerous  and  striking,  is  a  question  much  more  easily  asked  than  replied 
to  satisfactorily.  That  very  important  changes  may  be  induced  by  the 
direct  influence  of  climate,  food,  and  habits  of  life,  upon  successive  vene- 
rations, cannot  be  doubted;  since  experience  shows  that  particular  races 
ot  anima  s,  placed  under  new  conditions,  gradually  undergo  modifications 
which  adapt  them  to  those  conditions.  Thus,  of  the  Lmber  of  new 
diTpd     f"!  ^  sprung-up  amongst  the  domesticated  races  first  intro- 

duced into  South  America  by  the  Spaniards,  there  are  many  which  are 
clearly  traceable  to  climatic  influences;  and  even  within  a  recent  period 
numerous  examples  of  a  similar  modification  have  occurred.    For  ™' 
pie.  Sir  C  Lyell  mentions  that  some  Englishmen  engaged  in  conductr. 
the  operations  of  the  Real  del  Monte  Company  in  Mexico,  caS  out 
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With  them  some  greyhounds  of  the  best  breed,  to  liunt  the  hares  whiclx 
abound  m  that  country.  The  great  phitform  wliich  is  the  scene  of  spoi-t, 
IS  at  an  elevation  of  about  9000  feet  above  the  level  of  the  sea,  and  the 
mercury  in  the  barometer  stands  habitually  at  the  height  of  about  19 
inches.  It  was  found  that  the  greyhounds  could  not  support  the  fatigues 
of  a  long  chase  in  this  attenuated  atmosphere ;  and  before  they  could 
come-up  with  their  prey,  they  lay  down  gasj)ing  for  breath;  but  these 
same  animals  have  produced  whelps,  which  have  grown-up,  aud  are  not 
in  the  least  degree  incommoded  by  the  want  of  density  in  the  air,  but 
run-down  the  hares  with  as  much  ease  as  do  the  fleetest  of  their  race  in 
this  country. — But  peculiarities  sometimes  arise,  to  all  appearance  de 
novo,  which  cannot  be  attributed  with  the  same  degi-ee  of  probability  to 
external  agencies  ;  thus,  it  is  by  no  means  uncommon  to  find  individuals 
of  the  Human  species  with  six  fingers  and  six  toes ;  and  such  peculiarities 
are  more  likely  to  be  continued  hereditarily,  than  are  those  which  have 
been  acquired.  Advantage  has  been  sometimes  taken  by  Man,  of  spon- 
taneous variations  of  this  kind,  for  some  purpose  useful  to  him ;  and  he 
has  exerted  his  skill  to  perpetuate  them.  The  following  example  is  of 
comparatively  recent  occurrence.  In  the  year  1791,  one  of  the  ewes  on 
the  farm  of  Seth  Wright  in  the  state  of  Massachusets,  produced  a  male 
lamb,  which,  from  the  singular  length  of  its  body  and  the  shortness  of 
its  legs,  received  the  name  of  the  otter  breed.  This  physical  conforma- 
tion, incapacitating  the  animal  from  leaping  fences,  appeared  to  the 
farmers  around  so  desirable,  that  they  wished  it  continued.  Wright 
determined  on  breeding  from  this  ram,  and  the  first  year  obtained  only 
two  with  the  same  peculiarities;  in  the  following  years,  he  obtained 
greater  numbers ;  and,  when  the  olfspring  became  capable  of  breeding 
one  with  another,  a  new  and  strongly-marked  variety,  before  unknown 
to  the  world,  was  established.* — This  history  shows  the  influence  which 
the  circumstance  of  a  scanty  population  may  have  formerly  had  on  the 
production  of  varieties,  both  in  the  human  and  other  species.  At  the 
present  time,  any  peculiarity  which  may  occasionally  arise,  speedily 
merges  by  intermixture,  and  returns  to  the  common  standard ;  hut  it 
may  be  surmised  that,  in  the  older  ages  of  the  world,  some  individuals  in 
which  a  peculiarity  existed,  may  have  been  so  far  separated  fi'om  the 
rest,  as  to  necessitate  freqiient  union  among  themselves,  so  that  the  cha- 
racter would  be  rendered  still  more  marked,  instead  of  disappearing; 
and,  being  propagated  for  a  few  generations,  would  be  rendered  per- 
manent. 

620.  Acquii-ed  peculiarities,  on  the  other  hand,  are  seldom  reproduced 
in  the  ofispring,  unless  they  have  a  relation  with  the  natural  habits  and 
physical  wants  of  the  species;  but,  when  this  relation  exists,  they  may 
be  transmitted  as  regularly  as  the  specific  characters.  Thus,  in  Dogs, 
the  relative  perfection  of  the  organs  of  sight  and  smell,  perhaps  also  of 
healing,  varies  much  in  different  breeds,  and  their  mode  of  hunting 
their  prey  undergoes  a  corresponding  change;  but  in  these  cases,  no 
new  instinct  is  developed,  the  difference  merely  consisting  in  the  relative 

*  "  Philosophical  Transactions,"  1813.— A  very  similar  accoxmt  has  been  recently  given 
by  Prof.  Owen  (in  a  lecture  delivered  before  the  Society  of  Arts,  Dec.  10,  1851),  respect- 
ing the  introduction  of  a  new  breed  of  Merino  Sheep,  distinguished  for  the  long,  smooth, 
straight,  and  silky  character  of  the  wool,  and  now  known  as  tlie  'Mauchamp  breed. 
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propoi'tion  of  those  already  existing;  and  the  new  peculiarities  have 
an  intimate  relation  to  the  habits  of  the  animal  in  a  wild  state.  For 
example,  in  a  mongrel  race  of  dogs  employed  by  the  inhabitants  of 
the  banks  of  the  Magdalena  almost  exclusively  in  hunting  the  white- 
lipped  Pecari,  a  jDCcuIiar  instinct  appears  to  have  become  hereditary, 
like  that  of  the  pointers  and  other  dogs  of  this  country.    The  address 
of  these  dogs  consists  in  restraining  their  ardour,  and  attaching  them- 
selves to  no  animal  in  particular,  but  keeping  the  whole  herd  in 
check.    Now  among  these  dogs  some  are  found,  which,  the  very  first  time 
they  are  taken  to  the  woods,  are  acquainted  with  this  mode  of  attack ; 
whereas,  a  dog  of  another  breed  starts  forward  at  once,  is  surrounded  by 
the  Pecari,  and,  whatever  may  be  its  strength,  is  destroyed  in  a  moment.* 
— It  is  impossible  not  to  recognise  in  many  acquired  habits,  however,  some- 
thing more  than  a  relation  to  the  instincts  necessary  for  the  preservation 
of  the  species ;  they  evidently  arise,  in  part  at  least,  from  the  connection 
of  the  race  with  Man.     This  is  more  particularly  exemplified  in  the 
instance  of  the  breed  of  Shepherd's  Dogs,  which  often  display  an  extra- 
ordinary hereditary  sagacity  respecting  their  peculiar  vocation ;  as  well  as 
in  cases  which  have  been  frequently  mentioned,  where  the  descendants  of 
dogs  to  which  peculiar  tricks  have  been  taught,  have  displayed  an  unusual 
aptitude  for  learning  the  same.     It  may  then  be  considered,  that  the 
capability  of  undergoing  such  modifications  is  a  part  of  the  psychical  as 
well  as  stnictural  character  of  the  Dog,  even  in  a  wild  state ;  and  that  his 
relation  to  Man  may  have  as  imj)ortant  an  influence  on  his  hereditary 
propensities,  as  the  supply  of  their  physical  wants  has  on  animals  of  other 
species.    The  same  may,  perhaps,  be  said  of  the  Horse,  in  the  races  of 
which  we  find  peculiar  habits  transmitted  from  parent  to  offspring,  which 
are  the  pure  results  of  human  instruction. — It  is  from  the  want  of  this 
relation  towards  either  the  natural  habits  of  the  species  or  their  subser- 
viency to  man,  that  habits  acquired  by  other  animals  do  not  become 
hereditary.  Thus,  although  Pigs  have  been  taught  to  hunt  and  point  game 
with  grea-t  activity  and  steadiness,  and  other  learned  individuals  of  the 
same  species  have  been  taught  to  spell,  these  acquirements  have  in  no 
instance  been  transmitted  to  the  offspring,  not  being  the  result  of  the 
development  or  modification  of  any  instinctive  propensity  naturally  exist- 
ing.    In  like  manner,  however  artificially  the  forms  of  domesticated 
animals  may  have  been  altered  in  all  the  individuals  of  successive  genera- 
tions, the  xisual  character  of  the  species  and  variety  is  maintained  in  each 
one  of  the  offspring;  unless,  as  sometimes  occurs,  this  alteration  happens 
to  coincide  with  natural  varieties  of  the  species.    Thus  instances  are  on 
record,  in  which  Dogs,  that  have  been  deprived  of  their  tails  by  accident 
or  desigi^,  have  produced  puppies  with  a similai-  deficiency;  but  as  breeds 
of  taU-less  dogs  have  spontaneously  arisen,  there  would  be  a  strono-er 
tendency  to  the  perpetuation  of  this  acquired  peculiarity,  than  when^'no 
such  pecrdianty  naturally  occurred.  There  can  be  no  doubt  that  much  has 
yet  to  be  learned,  of  the  influence  of  the  mental  state  of  the  parent  upon 
the  development  of  the  offspring;  and  that,  though  credulity  and  the  love 
ot  the  marvellous  have  been  the  occasion  of  many  strange  fictions  being 

mIh?h?r,Xl°l"h  ^■f''T.^  °^  ^  V^°V^S^^ion  of  acquired  peculiarities  connected 

mth  the  natural  habits  of  the  race,  are  given  by  Mr.  Knight,  "  Phil.  Trans."  1837  •  the 
most  remarkable,  perhaps,  are  the  facts  related  of  the  Retriever.  ' 
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transmitted  to  us,  we  are  by  no  means  justified  in  rejecting  the  doctrine 
mtliout  further  enquiry.  And  when  it  is  borne  in  mind,  that  the  races 
of  animals  among  which  the  so-called  s2Jontaneous  variations  are  most  apt 
to  spring-up,  are  also  those  which  are  most  susceptible  of  the  modifying 
influence  of  external  conditions,  it  seems  liighly  probable  that  these  spon^ 
taneous  variations  in  the  offspring  are  really  attributable  to  the  influence 
of  external  agencies  in  modifying  the  constitution  of  the  parent.  Of  this 
view  we  have  an  interesting  illustration  in  the  fact  mentioned  by  Mi\  T. 
Bell,  that  the  first  litter  of  puppies  produced  by  an  Australian  dmgo  in 
confinement  and  in  a  half-domesticated  state,  were  all  more  or  less  spotted ; 
although  both  parents  were  of  the  uniform  reddish-brown  colour  which 
belongs  to  the  race,  and  the  mother  had  never  bred  before.* 


CHAPTER  XII. 
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621.  Although  we  are  ordinarily  accustomed  to  think  of  Animals  as 
self-moving,  and  to  regard  Plants  as  altogether  destitute  of  the  power  of 
spontaneous  motion,  yet,  as  already  pointed  oub  on  several  occasions,  tliis 
distinction  between  the  two  kingdoms  is  one  of  which  the  validity  cannot 
be  sustained.  For  the  '  zoospores '  of  many  of  the  inferior  Alg8e  are  as 
active  in  their  movements,  as  are  the  Animalcules  which  they  so  much 
resemble ;  and  there  are  some  Protophytes,  which  seem  to  be  in  a  state  of 
moi'e  or  less  active  motion  during  the  whole  period  of  their  lives,  at  least 
until  the  occurrence  of  '  conjugation.'  Thus  the  Oscillaiorice,  which  are 
long  filamentous  cells,  have  a  movement  of  alternate  flexion  and  extension, 
writhing  like  worms  in  pain ;  sometimes  they  appear  to  twist  spii-ally,  and 
then  to  project  themselves  forwards  by  straightening  again.  These  move- 
ments are  greatly  influenced  by  temperature  and  light,  being  more  active 
in  heat  and  sunshine  than  at  a  low  temperature  and  in  shade ;  and  they 
are  checked  by  any  strong  chemical  agents,  which  also  put  a  stop  to  the 
motions  of  Animalcules  inhabiting  the  same  water.  Most  of  the  Diato- 
'macece,  also,  move  slowly  through  the  water,  as  if  by  the  action  of  cilia; 
although  these  organs  are  not  distinctly  discernible,  t  Among  the  higher 
Alg«e,  and  probably  in  the  whole  Cryptogamic  series,  the  '  antherozoids ' 
possess  an  activity  in  no  degree  inferior  to  that  of  the  spermatozoa  of 
Animals.  And  although  the  different  mode  in  which  the  generative 
function  is  performed  in  the  Phanerogamia,  renders  it  imnecessary  that 
the  contents  of  the  sperm-cells  should  possess  such  a  power  of  spontaneous 

*  "British  Quadrupeds,"  2nd  Edit.,  p.  203.  See  also  Montgomery,  "  On  tlie  Signs  of 
Pregnancy,"  p.  16,  "Walker  "On  Intermarriage,"  pp.  275—8,  and  Dr.  Harvey  "On  a 
remarkable  Case  of  Cross-breeding,"  for  several  examples  of  tlie_  influence  of  the  meufcil 
condition  of  the  mother  at  the  time  of  conception,  upon  the  oiFspring. 

f  The  Bacillaria  x>aradoxa  has  a  very  remarkable  movement ;  for  tbe  long  staff-lilcc 
frustules  of  which  the  plant  is  composed,  slide  edgeways  over  one  another  until  tliey  be- 
come almost  completely  detached,  and  then  return  and  slide  in  the  opposite  direction ; 
repeating  this  movement  with  a  rhythmical  regularity. 
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movement,  and  the  entire  organisms  are  firmly  rooted  to  the  ground 
during  the  whole  of  life,  yet  we  shall  hereafter  find  that  they  exhibit 
movements  of  one  part  upon  another,  which  are  scarcely  inferior  in  cha- 
racter to  those  of  Zoophytes, — these  also  being  fixed  during  the  greater  j)art 
of  their  existence,  although  its  earliest  period  has  been  passed  by  them  in 
a  condition  resembling  that  of  the  zoospores  of  the  inferior  Algse. 

622.  Now  with  regard  to  ciliary  movements,  it  may  be  asserted  without 
hesitation  that  they  do  not  in  the  least  indicate  consciousness  or  self- 
determining  power  on  the  part  of  the  beings  which  exhibit  them;  and 
there  is  no  reason  whatever,  why  the  fact  of  their  performance  by  any 
organism  should  be  regarded  as  entitling  it  to  a  place  in  the  Animal 
kingdom.  It  cannot,  indeed,  but  induce  us  to  look  at  those  movements  of 
Animalcvdes,  which  are  due  to  ciliarj?-  action,  as  of  a  purely-automatic 
character,  to  see  that  movements  of  a  jirecisely-similar  nature  are  per- 
formed by  beings  whose  place  is  indubitably  in  the  Vegetable  kingdom. 
In  fact,  there  seems  no  other  line  of  demarcation  to  be  drawn  between 
the  Profcophyta  and  Protozoa,  than  that  which  is  based  upon  the  nature 
of  their  respective  aliments,  and  the  mode  in  which  these  are  obtained 
and  appropriated. — And  the  same  may  be  said  of  those  rhjrfchniical 
motions  which  are  exhibited  by  OsciUatorice,  and  by  '  antherozoids'  and 
'spermatozoa;'  their  very  uniformity  and  constancy  being  indications 
that  they  do  not  proceed  from  a  self-determining  power,  but  are  entirely 
automatic.  Such  movements,  appear  to  result  from  the  expenditure  of  a 
certain  amount  of  Yital  force,  which  becomes  reconverted  into  the 
Physical,  through  the  peculiarity  of  the  material  stmcture  which  is  its 
instrument.    (See  General  Physiology.) 

623.  The  sensible  motions  of  the  higher  Plants,  however,  which  are 
usually  performed  under  the  influence  of  stimuli  applied  to  their  tissues, 
or  to  certain  parts  of  them,  appear  referable  to  a  somewhat  difierent  cate- 
gory ;  being,  in  fact,  manifestations  of  the  same  property  of  contractility, 
as  that  which  exists  in  certain  Animal  tissues,  but  especially  in  the 
muscular.  This  property  of  contractility  on  the  application  of  a  stimulus, 
may  be  readily  distinguished  from  the  elasticity  which  is  simply  due  to 
the  mechanical  relation  of  the  particles  composing  the  tissue ;  the  latter 
being  retained  as  long  as  there  is  no  evident  decomposition,  whilst  the 
former  is  an  essentially  vital  endowment.  An  elastic  ligament,  when 
stretched,  tends  to  contract  only  in  virtue  of  that  distui-bance  of  its  mole- 
cular arrangement,  which  has  been  produced  by  the  force  applied  to  it ; 
but  a  muscle  which  contracts  powerfully  upon  the  stimulus  of  a  simple 
touch,  or  upon  one  of  a  still  less  mechanical  nature,  can  do  so  only  by  a 
property  of  its  own,  which  is  connected  with  its  attributes  as  a  living 
being.  In  the  lowest  and  simplest  Animals,  whatever  degree  of  con* 
tractility  is  possessed,  appears  to  be  almost  equally  diffused  through  the 
system  (§§  35,  37);  and  we  can  neither  discover  in  them  any  structure 
specially  endowed  with  this  property,  nor  discern  anything  resemblin^^  a 
nervous  system  fitted  to  call  it  into  exercise.  In  proportion  as  we  ascend 
the  scale,  however,  we  find  a  distinct  Muscular  structure  evolved  in 
which  the  general  contractility  of  the  body  becomes,  as  it  were,  concen- 
trated; and,  in  proportion  to  its  development  and  complexity,  it  super- 
sedes the  corresponding  but  more  feeble  powers  of  the  remainder  of  the 
tissues.  It  is  now  in  great  degi-ee  subjected  to  the  Nervous  System;  and 
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all  those  parts  of  it,  which  are  not  connected  with  the  functions  of  Organic 
iite  merely,  are  rendered  subservient  to  the  WiU,  and  thus  become  the 
mstruments  of  its  operation  upon  the  place  and  condition  of  the  body. 

024.  Of  the  evident  movements  observable  in  the  higher  Plants,  there 
are  some  which  take  place  as  a  part  of  the  regular  series  of  phenomena  of 
growth  and  reproduction,  and  which  must  be  regarded  as  the  ordinary 
expressions  of  the  vital  forces  which  they  have  derived  from  the  light,  heat, 
&c.  that  have  sustained  their  organic  activity ;  but  there  are  others  which 
are  performed  in  respondence  to  excitement  of  a  mechanical  kind.  The 
immediate  connection  of  these  movements  with  the  organic  functions,  in 
the  first  class  of  instances,  and  tbe  indication  they  would  seem  to  give  of 
consciousness  and  sensibility  in  the  second,  have  led  many  persons  to  seek 
for  an  explanation  of  them,  in  the  hypothesis  of  the  existence  of  a  nervous 
system  in  these  beings.  But  it  will  be  seen,  if  the  question  be  fairly  in- 
vestigated, that,  whUst  no  evidence  of  its  presence  is  furnished  by  the 
minutest  anatomical  research,  no  argument  for  its  operation  can  be  de- 
duced from  the  phenomena  observed. — In  the  simplest  and  most  intel- 
ligible instances  of  sensible  motions  in  Plants,  the  change  is  the  result  of 
the  contraction  of  the  part  to  which  the  stimulus  is  applied ;  this  con- 
traction beiug  consequent  upon  the  change  of  form  of  its  cells,  which  must 
be  regarded  as  a  manifestation  of  their  peculiar  vital  endowments. 
Thus,  the  leaf  of  the  wild  Lettuce  exudes,  when  the  plant  is  in  flowei', 
the  milky  juice  contained  in  its  vesicles,  if  these  be  irritated  by  the  touch ; 
and  the  contraction  of  the  poison-gland  of  the  Nettle,  when  the  tubular 
hair  which  surmounts  it  is  pressed,  forces-out  its  secretion,  and  produces 
urtication.  So,  again,  if  the  base  of  the  filament  of  the  BerbeiTy  be 
touched  with  the  point  of  a  pin,  the  stamen  immediately  bends-over  and 
touches  the  style.  In  this  case,  the  movement  is  produced  by  the  pecu- 
liar contractility  of  the  tissue  on  the  interior  side  of  the  filament,  which, 
when  called  into  operation  by  the  appHcation  of  a  stimulus,  necessarily 
occasions  the  flexion  of  the  stalk.  This  peculiar  irritability  has  a  relation 
with  the  functions  of  the  flower  j  since,  when  called  into  play  (as  it  fre- 
quently is)  by  the  contact  of  insects,  the  fertilization  of  the  stigma  will  be 
assisted.  Many  similar  instances  might  be  adduced,  in  which  a  corres- 
ponding operation  is  connected  with  the  process  of  reproduction  in  plants. 
— There  are  cases  of  more  complexity,  however,  in  which  an  frritation  in 
one  part  produces  motion  in  a  distant  and  apparently-unconnected  organ. 
Thus,  in  the  Dioncea  muscipula  (Venus'  fly-trap),  the  contact  of  any 
substance  with  one  of  the  three  prickles  which  stand  upon  each  lobe  of 
the  leaf,  will  occasion  the  closure  of  the  lobes  together,  by  a  change  taking 
place  in  the  leaf-stalk.  And  in  the  Mimosa  2}udica  (Sensitive  plant), 
any  irritation  applied  to  one  of  the  leaflets  will  occasion,  not  only  its  own 
movement  towards  its  fellow,  but  the  depression  of  the  rib  from  which 
it  springs;  and,  if  the  plant  be  healthy,  a  similar  depression  wiU  be  pro- 
duced in  the  princijaal  leaf-stalk,  and  even  in  the  petioles  of  other  leaves. 
This  propagation  of  the  eflect  of  the  stimulus,  from  one  part,  to  another 
more  or  less  remote,  is  usually  accomplished  in  Animals  tlu'ough  the  ner- 
vous system ;  but  there  is  little  doubt  that  in  plants  the  transmission  is 
made  through  an  entirely  difierent  channel.  For  the  experiments  of 
Dutrochet  upon  the  Mimosa  have  shown  it  to  be  through  the  vascular 
system,  that  an  irritation  in  one  part  is  made  to  produce  movement  in  a 
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distant  organ ;  and  there  can  be  little  doubt  that  the  same  is  true  of  the 
Dionjea  also.    Where  each  leaflet  of  the  Mimosa  is  implanted  upon  its 
rib,  there  is  a  little  swelling  or  intumescence ;  this  is  moi'e  evident  where 
the  lateral  ribs  join  the  central  one;  and  it  is  of  considerable  size  at  the 
base  of  the  petiole,  where  it  is  articulated  with  the  stem.    The  experi- 
ments which  have  been  made  upon  its  properties,  have  been  performed, 
therefore,  in  the  latter  situation;  but  the  description  of  their  results  will 
apply  equally  well  to  the  rest.    The  intumescence  consists  of  a  succulent 
tissue,  which,  on  the  upper  side,  appears  very  distensible,  and  on  the  lower 
very  ii-ritable.    In  the  usual  position  of  the  leaf  or  leaflet,  the  distension 
of  the  two  sides  seems  equally  balanced ;  but  anything  which  causes  an 
increase  of  fluid  on  the  upper  side,  or  a  contraction  of  the  vesicles  on  the 
lower,  will  obviously  give  rise  to  flexion  of  the  stalk.    The  latter  effect 
may  be  readily  j)roduced  by  touching  that  part  of  the  intumescence  itself; 
and  then  the  leaf  or  leaflet  will  be  depressed  by  the  contraction  of  the 
part  imviediately  irritated,  just  as  in  the  case  of  the  stamen  of  the  Ber- 
berry.   The  same  result  follows  the  stimulation  of  this  part  by  an  electric 
spark,  by  the  concentration  of  the  sun's  rays  upon  it  with  a  burning  glass, 
or  by  chemical  agents ;  and  if,  instead  of  applying  a  temporary  stimulus, 
whose  effect  is  speedily  recovered-from,  a  notch  be  made  in  the  lower 
side  of  the  intumescence,  the  balance  between  its  resistance  and  the 
expansive  tendency  of  the  upper  side  is  then  permanently  destroyed,  and 
the  stalk  remains  depressed.    Now,  supposing  the  lower  side  to  be  in  its 
usual  condition,  flexion  of  the  stalk  may  result  also  from  whatever  distends 
the  vesicles  of  the  upper  part  of  the  intumescence;  and  this  is  the  mode 
in  which  the  movement  is  usually  effected.    For  a  stimulus  applied  to  any 
pai-t  of  the  leaf,  will  cause  a  contraction  of  its  vesicles;  and  the  fluid 
expelled  from  them  is  carried  by  the  circulating  system  to  the  distensible 
portion  of  the  intumescence  belonging  to  each  leaflet,  and  to  that  of  the 
petiole  itself — It  appears,  then,  that  these  evident  motions  are  readily 
explicable  on  the  supposition,  that  contractility  is  a  property  of  various 
tissues  of  Plants,  and  that  this  may  be  excited  by  stimidi  of  a  physical 
nature.    To  suppose  more,  woTild  be  imphilosophical  because  unnecessary. 

625.  There  are  other  movements,  however,  arising  from  causes  which 
originate  in  the  system  itself,  of  which  some  notice  should  be  taken. 
Such  are,  the  folding  of  the  flowers  and  drooping  of  the  leaves,  known 
as  the  sleep  of  plants.  These  phenomena  seem  due  to  a  diminution  in 
the  activity  of  those  vital  processes,  by  which  the  turgescence  of  the  soft 
parts  of  the  structure  is  maintained ;  and  this  diminution  appears  partly 
to  result  from  the  withdi-awal  of  the  usual  stimuli,  especially  Light,  and 
to  be  in  part  of  a  periocUcal  character.  For  it  is  found  that  artificial  light 
and  warmth  will  cause  many  flowers  and  leaves  to  erect  themselves  for  a  time  • 
and  that,  by  proper  management,  the  usual  periods  may  be  completely 
reversed.  But  the  phenomenon  cannot  be  altogether  explained  on  this 
principle,  since  there  are  many  plants  of  which  the  flowers  only  expand 
in  the  night,  and  which  must  be  kept  in  darkness  to  prevent  them  from 
closing;  and  m  the  present  state  of  our  knowledge,  we  can  only  consider 
this  periodicity  like  that  periocHcal  cessation  or  augmentation  of  particular 
functions  which^  is  common  to  nearly  all  organised  beings,  as  a  part  of 
that  regular  tram  of  operations,  which  is  characteristic  of  each  living 
bemg,  and  which  proceeds  from  the  original  endowments  of  its  organism, 

T  T  2  ' 


644 


OF  THE  SENSIBLE  MOTIONS  OP  LIVING  BEINGS. 


called  into  exercise  by  forces  external  to  itself.— One  other  spontaneons 
Vegetable  motion  may  be  instanced,  as  of  a  very  inexplicable  character  j 
that  of  the  Hedysa/ruin  gyrans,  a  Bengalese  plant,  each  of  whose  petioles 
supports  three  leaflets,  of  which  the  central  one  is  large  and  broad,  and 
the  two  lateral  ones,  which  are  situated  opposite  to  each  other,  small  and 
narrow.  The  position  of  the  central  leaflet  is  peculiarly  influenced  by 
light :  for  in  the  day-time  the  leaflet  is  usually  horizontal;  by  the  action  of 
strong  solar  light  it  is  raised  towards  the  stalk,  whilst  in  the  evening  it 
bends  downwards  ;  and  it  is  manifestly  depressed,  if  placed  in  the  shade 
for  a  few  minutes  only.  The  small  lateral  leaves  are  in  incessant  motion ; 
they  describe  an  arch  forwards  towards  the  middle  leaflet,  and  then 
another  backwards  towards  the  footstalk ;  and  this  by  revolving  on  their 
articiilation  with  the  petiole.  They  pass  over  the  space  in  30  or  40 
seconds,  and  then  remain  quiet  for  nearly  a  minute ;  the  leaflets  do  not 
move  together,  but  in  opposite  directions,  one  usually  rising  while  the 
other  is  sinking ;  the  inflexion  downwards  is  generally  performed  more 
rapidly  and  uniformly  than  that  upwards,  wliich  occasionally  takes  j)lace 
by  starts.  These  movements  continue  night  and  day;  being  slower, 
however,  in  cold  nights,  and  more  rapid  in  warm  and  moist  weather. 
They  seem  less  afiected  by  mechanical  or  chemical  stimuli,  than  do  those 
of  any  other  plant ;  and  continue  for  a  longer  time  in  separated  parts. 

626.  One  class  of  spontaneous  Vegetable  movements  has  been  shown 
by  Dutrochet  to  be  due  to  an  act  of  Endosmose  (§  169)  in  the  organs 
which  execute  them.  This  is  particularly  the  case  in  various  seed-vessels, 
which  burst  when  ripe,  in  such  a  manner  as  to  eject  their  contents  with 
force, — as  in  the  instance  of  the  Momordica  elateriwm  (common  Squirting- 
Cucumber).  His  experiments  upon  the  capsule  of  the  Balsam  termed 
Im/patiens  noli-'me-tangere  are  particularly  interesting.  The  valves  of  this 
capsule,  when  the  fruit  is  ripe,  suddenly  spring  from  each  other  and  curl 
inwards,  scattering  the  seeds  to  some  distance.  Now  an  examination  of 
the  tissue  of  the  valves  shows,  that  the  outer  part  consists  of  much  larger 
vesicles  than  the  inner ;  and  that  the  fluids  contained  in  it  are  the  densest. 
According  to  the  law  of  Endosmose,  the  fluids  contained  in  the  tissue  of 
the  interior  will  have  a  tendency  to  pass  into  the  vesicles  of  the  exterior ; 
and  it  will  distend  them  in  such  a  manner,  as  to  produce  a  disposition  in 
that  side  to  expand,  when  permitted  to  do  so,  whUst  the  inner  side  has 
an  equal  disposition  to  contract.  This  at  last  occurs  from  the  separation 
of  their  edges  consequent  upon  their  ripening ;  and  then  each  valve  rolls 
inwards.  If,  however,  the  valves  be  placed  in  a  fluid  more  dense  than 
that  contained  in  the  exterior  vesicles,  such  as  syrup,  or  gum- water,  these 
will  be  emptied  on  the  same  principle,  and  the  valves  will  become  straight, 
or  even  curl  outwards. — Avery  curious  movement,  which  probably  depends 
upon  a  similar  cause,  may  be  observed  in  a  little  Fungus,  which  is  not 
uncommon  in  some  parts  of  Britain,  named  Garpobolus,  from  its  peculiar 
manner  of  scattering  its  fruit.  The  sporules  are  collected  into  one  mass, 
and  inclosed  in  a  globular  bag,  which  is  called  a  sporangium.  This  lies  in 
a  cavity,  of  which  the  inner  wall  is  capable  of  separating  itself  from  the 
outer,  and  of  suddenly  everting  itself,  so  as  to  project  in  a  globular  form 
from  the  mouth  of  the  cavity  which  it  previously  lined.  This  sudden 
e version  ejects  the  sporangium  (with  a  degree  of  violence,  which  for  so 
minute  a  plant  is  very  remarkable,)  from  the  cavity  in  which  it  was  formed ; 
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the  mouth  of  this,  which  was  at  first  nearly  closed,  spontaneously  dilating 
itself  as  the  spoiniles  are  mature.  The  eversion  of  the  membrane  is 
probably  due  to  a  change  having  taken  place  in  the  relative  distension  of 
the  cells  forming  its  inner  and  outer  layer,  which  would  operate  much 
as  in  the  capsule  of  the  Balsam. 

627.  Among  the  simplest  Frotozoa,  it  seems  as  if  the  change  of  form 
of  the  single  cell  of  which  each  individual  is  composed,  were  the  sole 
means  of  movement  which  it  possesses  (§  139);  and  this  change  of  form 
appears  often  to  be  due  rather  to  operations  taking  place  within  the  cell, 
than  to  occur  in  respondence  to  mechanical  irritation  applied  to  its 
exterior, — a  circumstance  which  throws  some  light  upon  the  phenomena 
just  now  described  as  occurring  in  Plants  (§  625).  In  these  movements 
it  is  impossible  to  imagine  with  any  jDrobability  that  consciousness  can 
pai-ticij)ate ;  nor  can  it  be  supposed  that  a  nervous  system  can  be  their 
instrument.  InTow  although  the  movements  of  the  Hydra  and  of  other 
Zoophytes  of  its  class,  may  appear  to  indicate  the  existence  of  a  self-de- 
termining power,  yet  it  is  very  doubtful  whether  siich  an  endowment  can 
be  justly  assigned  to  these  animals.  For  their  contractile  tissue  is  of  the 
simplest  possible  character,  resembling  that  which  is  found  in  a  very  early 
state  of  newly-forming  parts  of  higher  Animals;  and  the  most  careful 
scnitiny  has  failed  to  discover  the  faintest  vestiges  of  a  Nervous  System 
in  them,  notwithstanding  that  the  extreme  transparency  of  their  bodies 
renders  them  pecxiliarly  favourable  subjects  for  the  most  minute  examin- 
ation. And  further,  when  their  movements  are  fairly  compared  with 
those  of  higher  animals,  it  becomes  obvious  that  they  resemble  those  by 
which  food  is  immediately  introduced  into  the  stomach,  the  tentacula  of 
the  Hydra  being  homologous  with  the  CESophageal  muscles  of  Man ;  and 
as  we  know  that  the  latter  act  without  our  will,  and  even  without  our 
consciousness,  it  would  be  inconsistent  with  sound  philosophy  to  regard 
them  as  dependent  upon  such  springs  of  action  in  the  Hydra,  without 
some  veiy  cogent  evidence  that  they  are  so. — Agaia,  the  rhythmical 
movements  of  the  disc  of  the  Pulmograde  Acalephm,  whereby  they  are  pro- 
pelled thi-ough  the  water,  bear  a  much  closer  resemblance  to  the  rhythmical 
contractions  of  the  heart  of  higher  animals,  than  they  do  to  any  other  of 
their  actions;  and  as  the  latter  are  performed  without  any  exercise  of 
will,  and  even  without  the  guidance  of  consciousness,  it  seems  reasonable 
to  suppose  that  the  former  are  so  likewise.  And  such  an  interpretation 
is  confirmed  by  what  is  known  of  the  nervous  system  of  these  animals; 
for  its  extent  of  difiixsion  is  so  limited,  that  it  is  impossible  to  imagine 
the  whole  contractile  tissue  of  the  disc  to  be  influenced  by  it;  and,  more- 
over, portions  of  the  disc  entirely  separated  from  the  rest,  and  not  con- 
tainiag  any  portion  of  the  nervous  centres,  will  continue  their  alternating 
contractions  and  relaxations,  just  like  the  heart  of  a  cold-blooded  animal 
taken  out  of  its  body. — In  the  young  of  the  Compound  Ascidians  (§  558), 
again,  we  find  an  active  movement  of  the  embryonic  mass  through  the 
water,  efiected  by  the  lateral  undulations  of  the  tadpole-like  taif;  and 
this  at  a  time  when  that  organ  consists  of  nothing  but  cells,  and  when  it 
IS  certain  that  the  formation  of  the  nervous  system  has  not  even  com- 
menced. Such  movements  are  strictly  comparable,  on  the  one  hand  with 
the  rhythmical  movements  of  the  OscHlatoriiB  or  the  Hedysarum  among 
Plants,  and  on  the  other,  with  the  rhythmical  contractions  of  the  heart 
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m  the  embryo  of  the  higher  Animals,  when  as  yet  its  walls  consist  of 
untransformed  cells  (§  255).  They  cannot  be  attributed  to  any  external 
stimulation,  and  must  be  regarded  as  a  part  of  the  regular  series  of  vital 
operations  of  the  cells  which  exhibit  them,  as  the  ciliary  vibrations  are 
of  the  ciliated  epithelium-cells,  or  as  the  acts  of  secretion  or  reproduc- 
tion are  of  the  cells  of  glands  or  ovaries. 

628.  There  are  many  movements  in  higher  Animals,  which,  though 
performed  by  the  instrumentality  of  the  Muscular  tissue,  are  perfectly 
involuntary,  take  place  without  exciting  any  consciousness  of  their 
occim-ence,  and  appear  to  be  essentially  independent  of  Nervous  agency, 
although  capable  of  being  affected  by  it.  All  the  actions  of  this  class  are 
iirmiediately  subservient  to  the  maintenance  of  the  Organic  functions : 
thus  we  find  the  propulsion  of  food  along  the  alimentary  canal  to  be  efiected 
by  the  peristaltic  contractions,  alternating  with  relaxations,  of  its  proper 
muscular  coat ;  and  the  circulation  of  the  blood  to  depend  in  great  measure 
upon  the  alternating  contractions  and  relaxations  of  the  muscular  walls 
of  the  heart.  Between  these  two  sets  of  actions,  however,  there  is  this 
important  difference ; — that  whilst  the  former,  like  the  closure  of  the  fly- 
trap of  the  Dionsea,  or  the  bending-down  of  the  filaments  of  the  Berberry, 
are  chiefly  dependent  upon  the  application  of  a  stimulus,  which  calls  into 
activity  the  contractile  power  of  the  tissues, — the  latter,  like  the  rhyth- 
mical movements  of  Plants  previously  referred-to,  take  place  without  any 
external  stimulation,  the  regailar  alternation  of  contraction  and  relaxation 
being  apparently  their  peculiar  manifestation  of  vital  activity.  Thus  we 
find  that  the  peristaltic  movements  of  the  alimentary  canal  are  for  the 
most  part  excited  by  the  contact  of  solid  or  liquid  substances  with  its 
lining  membrane ;  and  that,  when  they  are  not  otherwise  taking  place, 
they  may  be  called  into  activity  by  a  slight  mechanical  irritation  applied 
to  its  external  surface,  or,  in  a  warm-blooded  animal  at  least,  by  the 
admission  of  cold  air  into  the  abdominal  cavity.  On  the  other  hand,  the 
alternate  contractions  and  relaxations  of  the  heart  will  continue  with 
extraordinary  regularity  (in  a  cold-blooded  animal),  after  the  organ  has 
been  removed  from  the  body,  and  has  been  completely  drained  of  its 
blood;*  and  it  seems  impossible  to  refer  them  to  the  agency  of  any 
stimulation  derived  from  an  external  source.  But,  on  the  other  hand, 
the  peristaltic  movements  of  the  alimentary  canal  may  be  often  seen  to 
take  place  without  any  ostensible  stimulation ;  and  the  alternating  move- 
ments of  the  heart,  after  they  have  ceased,  may  often  be  re-excited  by  a 
slight  mechanical  irritation.  Hence  it  is  obvious,  that  both  kinds  of 
action  are  referable  to  the  same  endowment ;  namely,  a  motility  which  is 
inherent  in  the  tissues,  and  is  a  part  of  their  vital  endowments,  and 
which  may  manifest  itself  either  spontaneously,  or  in  respondence  to  a 
stimulus:  but  that  the  former  method  is  the  rule  in  the  case  of  the 
heart,  the  exception  in  that  of  the  alimentary  canal;  whilst  the  latter 
method  is  the  rule  in  the  case  of  the  alimentary  canal,  the  exception  in 
that  of  the  heart. — The  endowment  in  question,  however,  is  not  limited 
in  the  higher  animals  to  the  heart  and  alimentary  canal ;  for  it  pervades, 
in  a  greater  or  less  degree,  the  walls  of  their  blood-vessels  and  absorbents, 

*  It  has  been  stated  by  Dr.  Mitchell  of  PhDadelphia,  that  the  heart  of  a  Sturgeon  which 
had  been  cut-out  and  hung-up  to  dry,  continued  its  rhythmical  movements,  until  its  tissues 
had  lost  so  much  of  their  fluid,  that  a  crackling  sound  was  heard  with  each  contracUon. 
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those  of  the  principal  gland-ducts,  those  of  the  urinary  bladder,  uterus, 
(fee,  all  of  which  parts  are  furnished  with  non-sti-iated  muscular  fibres, 
composed  of  those  elongated  contractile  cells,  which  have  been  recently 
shown  by  Prof  Kolliker  to  take  a  considerable  share  in  the  movements 
of  the  contractile  tissues  of  even  the  highest  animals.* 

629.  By  far  the  larger  proportion  of  the  sensible  movements  of  higher 
Animals,  however,  are  called-foi-th  by  the  instrumentality  of  the  Nervous 
System;  through  which  the  contractility  of  the  Muscular  apparatus  is 
brought  into  exercise.    This  is  the  case,  not  only  with  all  those  actions 
that  are  designated  as  voluntary,  being  the  result  of  an  individual  self- 
determining  power,  but  also  with  many  that  are  as  involuntary  or  auto- 
tnatic  as  are  those  which  we  have  been  just  considering;  these  last  being 
connected,  more  or  less  directly,  with  the  maintenance  of  the  Organic 
functions,  or,  in  some  mode  or  other,  with  the  conservation  of  the  bodily 
fabric.   We  shall  find  that  these  are  performed  with  no  more  dej)endence 
on  consciousness,  than  the  rhythmical  contractions  of  the  heart,  or  the 
peristaltic  movements  of  the  alimentary  canal;  and  that  the  nervous 
system  is  made  to  participate  in  them  simply  as  a  conductor  of  stimuli, 
from  the  parts  which  receive  the  impressions,  to  those  which  are  to 
respond  to  them  by  contraction;  the  conditions  of  Animal  existence 
requiring  that  this  conduction  shall  be  performed  with  greater  rapidity 
and  energy,  than  we  see  to  take  place  in  the  parallel  cases  that  present 
themselves  among  Plants  (§  624). — It  is  very  interesting,  however,  to 
obseiwe,  that  the  form  of  Muscular  tissue  which  most  readily  obeys  the 
stimulus  of  innervation,  and  which  is  the  instrument  of  the  most  purely 
Animal  fimctions,  is  that  which  most  perfectly  exhibits  that  cellular  type 
of  structure,  which  seems  common  to  all  the  parts  most  actively  engaged 
in  the  vital  operations ;  and  that  the  act  of  muscular  contraction  in  the 
highest  Animal  is  due  to  the  same  kind  of  change  in  the  form  of  the 
cells  of  the  ultimate  fibrillae,  as  that  which  produces  the  sensible  motions 
of  Plants.    (See  General  Physiology.)    The  only  essential  difference, 
then,  between  the  contractile  tissues  of  Plants  and  those  of  the  higher 
Animals,  consists  in  this ;  that  the  latter  are  capable  of  being  called  into 
activity  by  a  kind  of  stimvdus — the  Nerve-force — which  does  not  operate 
in  the  former.    But  this  speciality  of  endowment  does  not  supersede  the 
more  general  susceptibility  which  exists  among  the  inferior  grades ;  for  we 
find  that  the  '  striated  muscular  fibre,'  although  called  into  action  more 
readily  and  powerfully  by  the  stimulus  of  Innervation  than  by  any  other, 
is  yet  induced  to  change  its  state,  like  the  contractile  tissues  of  Plants,  by 
electrical,  chemical,  or  mechanical  irritation;  whilst  the  'non-striated 
fibre'  responds  so  much  more  readily  to  this  kind  of  irritation,  than  it 
does  to  the  stimulus  of  Innervation,  that  it  is  even  difiicult  to  demonstrate 
the  action  of  the  latter  upon  it. — To  enter  into  any  detail  as  to  the 
various  mechanical  adaptations,  by  which  the  force  generated  by  Muscular 
contraction  is  applied  to  the  production  of  the  movements  which  are 
characteristic  of  the  different  tribes  of  Animals,  would  carry  us  far 
beyond  the  Limits  of  the  present  Treatise. 

*  See  "  SieboH  and  KiJUiker's  Zeitschrift,"  Band!.,  1849. 
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CHAPTER  XIII. 

OF  THE  FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 

1.  General  Considerations. 

630.  "We  have  now  completed  our  survey  of  tlie  entire  Beries  of  those 
operations,  wliich  are  common  to  the  Vegetable  and  Animal  kingdoms; 
and  it  only  remains  for  us  to  consider  those  which  are  peculiar  to  the 
latter.    Such  are  the  various  actions  of  the  ivTervous  System, — an  appara- 
tus to  which  we  find  nothing  in  the  least  analogous  among  Plants ;  and 
the  possession  of  which,  therefore,  must  be  considered  as  the  peculiar  and 
characteristic  endowment  of  the  Animal.   Still,  as  already  pointed-out  on 
several  occasions,  we  cannot  justly  regard  it  as  universally  present 
throughout  those  classes,  wliich  possess  on  other  grounds  a  title  to  be 
ranked  in  the  Animal  kingdom ;  for  there  are  many  such  beings,  in  which 
we  seem  entitled  to  affirm  that  it  is  absent;  and  there  are  many  others, 
in  which,  if  present  at  all,  it  exists  in  a  condition  quite  rudimentary,  and 
can  take  little  share  in  the  actions  of  the  organism.    But  the  life  of  all 
such  beings  is  chiefly  vegetative  in  its  nature ;  their  movements  are  not 
dissimilar  in  kind  to  those  which  we  see  in  Plants ;  and  their  title  to  a 
place  in  the  Animal  kingdom  chieflj^  rests  upon  the  nature  of  their  food, 
the  mode  in  which  they  ajjpropriate  it,  and  their  resemblance  to  the 
embryonic  conditions  of  beings  undo\ibtedly  belonging  to  that  group. 
In  proportion,  however,  as  we  ascend  the  Animal  series,  do  we  find  the 
Nervous  System  presenting  more  and  more  of  structural  complication, 
and  obviously  acquiring  more  and  more  of  functional  importance ;  so  that 
in  Yertebrated  animals,  and  more  especially  in  Man,  it  obviously  be- 
comes that  part  of  the  organism,  to  whose  welfare  everything  else  is  ren- 
dered subordinate.    And  we  observe  that  this  is  the  case,  not  merely 
in  virtue  of  its  direct  instrumentality  as  the  organ  of  Miad ;  but  also  as 
the  medium  through  which  the  conditions  are  provided,  for  carrying-on 
many  of  the  Organic  functions,  which  we  find  to  be  brought  into  more 
and  more  intimate  dependence  upon  it,  in  proportion  as  we  rise  in  the 
scale.    Thus  the  Ingestion  of  food,  and  the  Aeration  of  the  circulating 
fluid,  which  are  provided-for  in  many  of  the  lower  tribes  of  animals  by 
ciliary  action  (in  which  Nervous  agency  has  no  participation  whatever), 
are  made  to  depend  ia  the  higher  upon  the  JSTervo-muscular  apparatus, 
which,  without  interfering  with  those  organic  processes  that  take  place 
(so  to  speak)  in  the  penetralia  of  the  system,  guards  the  portals  of 
entrance  and  exit.    But  we  find  that,  when  thus  brought  into  intimate 
relation  with  the  Organic  functions,  the  Nervous  system  is  emijloyed  in 
its  very  simplest  mode  of  operation, — that  which  does  not  involve  Intel- 
liorence,  Will,  or  even  Instinct,  (in  the  proper  sense  of  that  term),  but 
which  may  take  place  independently  of  all  Consciousness,  by  the  simple 
reflexion  of  an  impression,  conveyed  to  a  ganglionic  centre  by  one  set  of 
fibres  proceeding  towards  it  from  the  periphery,  along  another  set  which 
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passes  from  it  to  the  muscles,  and  calls  them  into  operation.  This  lowest 
kind  of 'reflex'  action,  therefore,  by  which  'automatic'  movement  is  excited 
without  the  necessary  participation  even  of  consciousness,  is  the  simplest 
application  of  the  Nervous  System  in  the  Animal  body.  We  shall  pre- 
sently see  reason  to  believe,  that  a  very  large  proportion  of  the  movements 
of  many  of  the  lower  animals  are  of  this  character ;  and  that  they  are 
not  necessarily  accompanied  by  sensation,  although  this  may  usually  be 
ai-oused  by  the  same  cause  which  produces  them.  As  we  rise,  however, 
in  the  scale  of  Animal  existence,  we  find  the  movements  of  this  class 
forming  a  smaller  and  smaller  proportion  of  the  whole  j  until,  in  Man, 
they  constitute  so  limited  a  pax-t  of  that  entire  series  of  operations  of 
which  the  Nervous  system  is  the  instrument,  that  their  very  existence 
has  been  overlooked. 

631.  But  the  main  purpose  of  the  Nervous  System  is  to  serve  as  the 
insfcrimient  of  those  Psychical*  powers,  which  are  altogether  peculiar  to 
the  animal.  Now  when  we  attempt  to  analyse  these  attributes,  we  may 
resolve  them,  like  the  properties  of  the  material  body,  into  difierent  groups. 
We  find  that  the  fi/rst  excitement  of  all  mental  changes,  whether  these 
involve  the  action  of  the  feelings  or  of  the  reason,  depends  upon 
sensations;  which  are  produced  by  impressions  made  upon  the  nerves  of 
certain  parts  of  the  body,  and  conveyed  by  these  to  a  particular  gan- 
glionic centre,  which  is  termed  the  sensorium,  being  the  part  in  which 
Sensation,  or  the  capability  of  feeling  external  impressions,  especially 
resides.  Now  there  are  numerous  actions,  especially  among  the  lower 
Animals,  which  seem  to  require  sensation  for  their  excitement,  and  which 
are  yet  as  far  removed  from  the  influence  of  the  Will,  as  little  directed  by 
Intelligence,  and  hence  as  truly  '  automatic'  in  their  nature,  as  the  'reflex' 
movements  ah-eady  noticed ;  these  must  be  attributed  to  a  '  reflex'  action 
on  the  part  of  the  Sensorial  centres.  The  movement  seems,  in  some 
instances,  to  be  as  immediately  consequent  upon  the  production  of  the 
sensation,  as  is  the  act  of  sneezing,  or  the  sudden  start  produced  by  a 
loud  and  unexpected  sound,  in  ourselves.  But  in  other  instances  it  appears 
rather  to  proceed  from  a  psychical  impulse  excited  by  the  sensation ;  which 
without  any  calculation  of  consequences,  any  intentional  adaptation  of 
means  to  ends,  any  exertion  of  the  reason,  or  any  employment  of  a  dis- 
criminating WUl,  may  produce  an  action,  or  train  of  actions,  no  less 
dii-ectly  and  obviously  adapted  to  the  weU-being  of  the  individual,  than  are 
those  whose  mechanism  has  been  already  described.  It  is  impossible  to  say 
in  regard  to  many  of  the  actions  of  the  lower  animals,  to  what  extent  they 
involve  feelings  or  emotions  at  all  analogous  to  those  which  we  experience  • 
and  It  woidd  seem  better  to  apply  the  generic  term  Consensual  to  those' 
m  which  the  Sensation  excites  the  motor  action,  either  immediately  or 
tlirough  the  agency  of  an  indiscriminating  impulse  excited  by  the  sensation 
ihis  class  will  include  all  the  purely  '  instinctive'  actions  of  the  lower 
Animals;  which  make-up,  with  those  of  the  preceding  gi-oup,  the  whole  of 
the_  Animal  functions  in  many  tribes,  and  which  are  peculiarly  elaborate  in 
their  character,  and  wonderful  in  their  results,  in  the  class  of  Insects  It 
IS  obvious  that  such  actions,  not  being  the  result  of  any  intelligent  choice 
or  voluntary  direction  on  the  part  of  the  animals  which  perform  them, 

*  This  term  i.s  used  to  designate  tlie  sensorial  and  mental  endowments  of  Animal«  in 
the  most  comprehensive  acceptation  of  those  terms.  -ojumals,  m 
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are  not  less  truly  '  autoiUcatic'  tlian  those  belonging  to  the  first-named 
group ;  the  only  essential  cliflference  being,  that  the  latter  are  performed 
without  any  necessary  participation  of  sensation,  the  excitement  of  which 
appears  to  be  essential  to  the  performance  of  the  latter. — The  Automatic 
movements  are  found  to  be  gradually  subordinated  to  the  Intelligence 
and  Will,  as  we  rise  towards  Man,  in  whom  those  faculties  are  most 
strongly  developed;  their  purpose  being  limited  to  the  maintenance  of  the 
Organic  functions,  in  subservience  to  the  more  elevated  pui-poses  of  his 
existence. 

632.  Sensations,  however,  do  not  always  thus  immediately  give  rise  to 
muscular  movements ;  their  operation  among  higher  Animals,  being  rather 
that  of  stimulating  to  action  the  Intellectual  powers.  Thei'e  can  be  little 
doubt  that  all  Mental  processes  are  dependent,  in  the  first  instance,  upon 
Sensations ;  which  serve  to  the  Mind  the  same  kind  of  purpose  that  food 
and  air  fulfil  in  the  economy  of  the  body.  If  we  could  imagiue  a  being 
to  come  into  the  world  with  its  mental  faculties  fully  prepared  for  action, 
but  destitute  of  any  power  of  receiving  sensations,  these  faculties  would 
never  be  aroused  from  the  condition  in  which  they  are  in  profound  sleej); 
and  such  a  being  must  remain  in  a  state  of  complete  unconsciousness, 
because  there  is  nothing  which  it  can  be  made  to  feel,  no  kind  of  idea 
which  can  be  aroused  within  it.  But  after  the  mind  has  once  been  in  active 
operation,  the  destruction  of  all  future  power  of  receiving  sensations  would 
not  reduce  it  again  to  this  inactive  condition ;  for  sensations  and  ideas 
are  so  stored-up  in  the  mind,  by  the  power  of  Memory,  that  it  can  feed 
(as  it  were)  upon  the  past. — Now  the  ideas  which  are  excited  by  sensa- 
tions, if  associated  with  pleasurable  or  painful  feelings,  constitute  those 
Emotions,  or  *  moving  powers  of  the  mind,'  which  are,  either  directly  or 
indirectly,  the  springs  of  the  greater  part  of  our  actions.  When  strongly 
excited,  the  emotions  may  produce  movements  which  are  pm-ely  '  auto- 
matic,' and  which  the  Will  may  not  be  able  to  restrain ;  but  in  their 
normal  exercise,  they  act  in  subordination  to  the  Reasoning  processes,  and 
their  operation  upon  the  movements  of  the  body  is  determined  by  the 
latter.  The  reasoning  processes  themselves  may  act  not  less  '  automati- 
cally/ one  idea  suggesting  another,  and  this  again  calling-forth  another, 
in  long  succession,  without  any  direction  or  control  from  the  Will;  and 
any  idea  thus  excited  with  sufficient  force,  may  express  itself  in  bodily 
movement,  if  not  prevented  by  the  WUl. — It  is  the  peculiar  character  of 
a  Volitional  action,  on  the  other  hand,  not  only  that  it  is  the  result  of 
the  exercise  of  the  Reasoning  powers,  but  that  it  is  the  expression  of  a 
definite  purpose,  of  a  designed  adaptation  of  means  to  ends,  on  the  part  of 
the  individual  performing  it;  instead  of  proceeding  from  a  mere  blind 
indiscriminating  impulse,  such  as  that  which  is  the  mainspring  of  the 
instinctive  and  emotional  actions,  or  being  merely  the  result  of  a  '  domi- 
nant idea,'  which  seems  to  be  the  case  with  the  actions  of  many  of  the 
lower  Animals. 

633.  Thus,  then,  we  have  to  consider  the  Nervous  system  under  three 
heads  -—f/rst,  as  the  instrument  of  Reflex  actions  not  involving  sensation; 
— second,  as  the  instrument  of  Consensual  and  Instinctive  actions; — third, 
as  the  instrument  of  Mental  processes,  and  of  Yoluntaay  movements. 
Now  there  is  good  reason  to  believe,  that  to  each  of  these  groups  of 
actions  a  particular  portion  of  the  Nervous  Centres,  with  its  afferent  and 
efferent  nerves  may  be  assigned ;  one  ganglion,  or  series  of  ganglia,  bemg 


GENERAL  CONSIDERATIONS. 


651 


limited  in  its  function  to  the  rece^jtion  of  simple  iinpressions,  and  to  the 
origination  of  reflex  movements  consequent  thereon ;  whilst  another  gan- 
glion, or  series  of  ganglia,  is  set-apart  for  the  reception  of  impressions  of 
which  the  mind  becomes  conscious  as  sensations,  and  for  the  origination 
of  the  consensual  movements  which  these  excite ;  whilst  a  third,  which  is 
superadded  to  the  foregoing  in  Vertebrated  animals,  receiving  from  the 
proper  sensorium  the  sensations  which  have  been  there  called-up,  is  the 
instrament  through  which  these  sensations  call  ideas  and  emotional  feel- 
ings into  existence,  by  which  these  are  employed  in  the  various  processes 
of  intellection,  and  by  which  the  voluntary  determination  is  brought  to  bear 
upon  the  muscles.  But  we  shall  find  reason  to  believe,  that  just  as  this 
Cerebral  ganglion  is  called  into  action  through  the  sensory  portion  of  the 
apparatus  to  which  it  is  added,  so  does  it  react  through  the  motor  portion 
of  the  same  aj)paratus ;  and  that  it  has  no  more  direct  connection  with 
the  muscular  system,  than  it  has  with  the  organs  of  sense. 

63i.  What  has  been  hitherto  said,  refers  exclusively  to  that  division  of 
the  Nei'vous  system,  which  is  concerned  in  the  reception  of  impressions, 
the  production  of  sensations,  and  the  stimulation  of  muscles  to  contrac- 
tion ;  and  as  these  are  all  purely  animal  functions,  it  has  been  called  the 
nervous  system  of  animal  life.  There  is  another  set  of  ganglia  and  nerves, 
however,  which  constitutes  what  is  termed  the  Sympathetic  or  visceral 
system;  this  is  distributed  to  the  various  parts  of  the  nutritive  and 
secretory  apparatus,  its  fibres  forming  a  plexus  upon  the  walls  of  the 
blood-vessels,  and  being  distributed  with  them  to  aU  parts  of  the  body  j 
and  hence  it  has  been  designated  the  nervous  system  of  organic  life.  We 
have  seen  reason  to  believe,  however,  that  the  functions  of  JS'utrition  and 
Secretion  are  not  themselves  dependent  upon  nervous  agency  (§  97); 
and  the  relation  of  the  Sympathetic  system  to  them,  therefore,  can  scarcely 
be  so  intimate  as  that  designation  would  seem  to  imply.  Probably  it  is 
the  vehicle  for  the  involuntary  action  of  the  emotions  upon  those  functions; 
and  it  may  perhaps  serve  also  to  harmonise  them  with  each  other  (§  98). 
— We  shall  now  take  a  brief  survey  of  the  comparative  structiu-e  of  the 
Nervous  system  in  the  principal  groups  of  Animals,  and  enquire  what 
actions  maybe  justly  attribixted  to  its  several  parts  in  each  instance; 
commencing  with  those  in  which  the  structure  is  the  simplest,  and  the 
variety  of  actions  the  smallest;  and  passing-on  gradually  to  those,  in 
which  the  structure  is  increased  in  complexity  by  the  addition  of  new  and 
distinct  parts,  and  in  which  the  actions  present  a  corresponding  variety. 

2.  Comparative  View  of  the  Structure  and  Actions  oftJie  Nervous  System, 
in  the  principal  groups  of  the  Animal  Kingdom. 

635.  In  the  beings  which  have  been  associated  under  the  designation 
of  Protozoa,  no  definite  traces  of  a  Nervous  System  can  be  discovered  • 
and  It  IS  maintained  by  many  Physiologists,  that,  in  these  animals  the 
nervous  matter  is  present  in  a  "  diffused  form,"— that  is  to  say,  incorpo- 
rated with  the  tissues;  but  it  would  be  difficult  to  assign  a  vaHd  reason 
for  a  supposition  so  gratuitous.  An  arrangement  of  this  kind  cannot  be 
required-  to  confer  on  the  individual  parts  of  the  organism  their  vital 
properties;  smce  these  exist,  to  as  great  an  extent,  in  beings  which  are 
allowed  to  be  entirely  destitute  of  it,  namely  the  entire  Vegetable  king- 
dom.   The  simplest  office  of  a  nervous  system  is,  as  we  have  seen  (§  630) 
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to  establish  a  communication  between  parts  speciaUy  modified  to  receive 
impressions,  and  others  particularly  adapted  to  respond  to  them.  Where 
every  portion  of  the  body  has  similar  endowments,  there  can  be  no  object 
m  such  a  communication ;  just  as,  where  every  part  of  the  surface  is 
equally  capable  of  Absorption,  and  every  part  of  the  tissue  equally  per- 
meated by  nutrient  fluid,  there  is  no  necessity  for  a  Circulating  system. 
A  nervous  system  would  seem  to  be  required  only  in  a  being  possessed  of 
a  number  of  distinct  organs,  whose  actions  are  of  such  a  character  that 
they  cannot  be  brought  into  mutual  relation,  without  a  more  immediate 
and  direct  communication  than  that  afforded  by  the  circulating  system, 
which,  as  we  have  seen,  is  the  only  bond  of  union  possessed  by  Plants 
between  distant  parts.  In  the  lowest  and  simplest  Animals,  whatever 
degree  of  contractility  exists,  appears  to  be  almost  equally  diffused 
thi'ough  the  system;  and  we  neither  find  any  special  sensory  organs, 
adapting  one  part  more  than  another  to  the  reception  of  impressions,  nor 
do  we  observe  any  portion  of  the  structure  pecxiliarly  endowed  with  the 
power  of  motion;  neither  can  we  discover  anything  like  a  nervous  system 
fitted  to  receive  such  impressions,  and  to  excite  respondence  to  them  in 
distant  parts.  To  use  the  forcible  expression  of  Sir  Gilbert  Blane — "  Mr. 
Hunter,  by  a  happy  turn  of  expression,  calls  the  function  of  the  nervous 
system  internuncial.  It  is  evident  that  some  such  principle  must  exist 
in  the  complicated  system  of  the  superior  Animals,  in  order  to  establish 
that  connection  which  constitutes  each  individual  a  whole."  But  where 
all  the  parts  act  by  and  for  themselves,  there  is  no  necessity  for  such  an 
internuncial  communication ;  and  consequently,  although,  when  united, 
their  functions  all  tend  towards  the  maintenance  of  the  system  to  which 
they  belong,  they  are  capable  of  being  separated  from  it  and  from  each 
other,  without  these  functions  being  necessarily  abolished.  The  motions 
exhibited  by  Animals  of  these  lowest  classes,  would  seem  to  be  scarcely 
less  directly  dependent  upon  external  stimuli,  than  are  those  of  Plants ; 
being,  in  fact,  the  result  of  the  general  diffusion  of  that  exalted  degree  of 
irritalaility,  which  is  restricted  in  most  plants  to  particular  parts  of  the 
structure  (§  624).  Of  the  degree  of  sensibility  which  they  may  enjoy, 
we  have  no  adequate  means  of  forming  a  judgment ;  but  if  they  do  possess 
any  consciousness  of  external  impressions,  it  is  probably  diffused  through 
the  whole  structure  alike.  And  thus  the  endowments  which  we  find  to 
be  restricted  among  the  higher  Animals,  by  the  differentiation  of  then- 
organization,  to  special  kinds  of  tissue,  and  which  are  only  fully  mani- 
fested by  the  instrumentality  of  these,  may  be  conceived  to  belong  in  a 
more  generalized  form  to  the  entire  fabrics  of  the  lower. — (See  General 
Physiology.) 

636.  No  valid  ground  can  be  shown  for  assigning  any  higher  character 
to  the  movements  of  Zoojjhytes,  such  as  the  Hyd/ra  or  Actinia,  and  their 
composite  allies ;  since  aU  those  actions  which  are  concerned  in  the  pre- 
hension and  ingestion  of  food,  are,  as  already  remarked,  really  analogous 
rather  to  the  peristaltic  movements  of  the  oesophageal  muscles  and 
stomach  of  higher  animals,  than  to  the  motions  of  theii-  limbs;  and  the 
few  which  they  exhibit,  that  are  not  referable  to  this  category,  appear  to 
be  the  result  of  the  direct  stimulation  of  light  or  other  physical  agencies, 
which  may  operate  by  producing  organic  changes  in  their  tissues,  as  in 
those  of  Plants.    At  any  rate  it  may  safely  be  aflirmed,  that  if  these 
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Zoophytes  do  possess  any  mdimeiit  of  a  Nervous  System,  and  if  any  of 
their  actions  are  to  be  attributed  to  its  instrumentality,  its  participation 
in  the  general  course  of  their  vital  actions  must  be  very  trifling.  We 
have  at  present,  it  must  be  acknowledged,  no  certain  means  of  appreciating 
the  degree  of  sensibility  possessed  by  these  lowest  members  of  the  Animal 
kingdom.  The  motions  which  follow  the  impressions  of  external  agents, 
are  our  only  means  of  judging  of  its  possession  by  a  particular  being; 
and  in  the  interpretation  of  these  phenomena,  the  greatest  care  is  requisite 
to  avoid  being  misled  by  false  analogies.  Much  error  has  probably  arisen, 
from  comparing  the  manifestations  of  life  exhibited  by  creatures  of  this 
doubtful  character,  with  those  of  the  highest  Animals;  and  thence  in- 
ferring that,  because  motions  are  witnessed  in  the  former  which  bear 
some  analogy  to  those  of  the  latter,  they  must  be  equally  dependent  on  a 
nervous  system.  But,  when  it  is  considered  how  completely  vegetative  is 
the  life  of  such  beings,  and  how  closely  all  their  motions  are  connected 
with  the  performance  of  their  organic  functions,  it  would  seem  obvious 
that  the  general  comparison  should  be  made  with  Plants,  rather  than  with 
Animals;  and  that  we  should  seek  the  assistance  of  principles  of  a  higher 
character,  only  when  those  we  already  possess  are  insufficient  to  explain 
the  phenomena. 

637.  It  is  in  the  higher  Radiata,  that  we  find  the  first  definite  indica- 
tions of  the  existence  of  a  connected  ISTervous  system.  It  is  probable 
that  such  exists  in  all  the  Acalephce,  although  the  softness  of  their  tissues 
renders  it  difficult  of  detection.  According  to  Ehrenberg,  two  nervous 
cii'cles  may  be  detected  in  the  Medusa;  one  running  along  the  margin 
of  the  mantle  and  funaished  with  eight  ganglia,  from  which  filaments 
proceed  to  the  eight  red  spots  which  he  supposes  to  be  eyes ;  whUst  the 
other  is  disposed  around  the  entrance  to  the  stomach,  and  is  furnished 
with  four  ganglia,  from  which  filaments  proceed  to  the  tentacula.  A 
nervous  ring  has  also  been  detected  by  Prof  Agassiz  in  Sarsia,  one  of  the 
'naked-eyed'  Pulmogrades;  and  he  states  that  it  is  entirely  composed  of 
gangHonic  cells.*.  In  £eroe,  it  is  affirmed  by  Dr.  Grant  that  a  nervous 
ring  exists  round  the  mouth,  furnished  with  eight  ganglia,  from  each  of 
which  a  filament  passes  towards  the  other  extremity  of  the  body,  while 
others  are  sent  to  the  lips  and  tentacula.— In  the  HcMnodermata,  how- 
ever, its  manifestations  are  much  less  equivocal.  In  the  Asterias,  for 
instance,  a  ring  of  nervous  matter  surrounds  the  mouth,  and  sends  three 
filaments  to  each  of  the  rays;  of  these,  one  seems  to  traverse  its  length 
while  the  two  others  are  distributed  on  the  c^cal  prolongations  of  the 
stomach.  In  the  species  examined  and  figured  by  Tiedemann,  no  gan- 
glionic enlargements  of  this  ring  appear  to  exist,  and  it  seems  not  impro- 
bable that,  as  m  the  Medusje,  the  entire  ring  is  composed  of  vesicular 
nervous  matter;  but  this  element  is  usually  collected  into  distinct  gancrlia 
which  are  found  at  those  points  of  the  ring  whence  the  branches  divel'o-e' 
the  number  of  the  ganglia  being  always  equal  to  that  of  the  rays  In 
those  species  which  possess  ocelli  at  the  extremities  of  the  rays,  the  nervous 

.  9q9^°Tf^^"*'°°- 1*'  the  Natural  History  of  the  Acalephce  of  North  America,"  Part  I 
p.  232.-It  IS  coBsidered  by  Prof.  Agassiz  that  the  moyements  of  these  KckerS 

voluntary'  and  exhibit  'a  purpose;'  but  his  statements  on  this  subject  exSt  a  yerv 
strange  confusion  of  ideas;  and  the  Author  is  assui-ed  by  Mr.  HuxIeY  that  hehn.  J  ^ 
seen  the  shghtest  evidence  of  anything  beyond  '  automatic' action  iu  hLe  animafs 
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cord  proceeding  towards  each,  swells  into  a  minute  ganglion  in  its  neigh- 
boiirliood. — In  the  Echinus,  tlie  arrangement  of  the  nervous  system  fol- 
lows the  same  genei-al  plan ;  the  filaments  which  diverge  from  the  oral 
ring  being  distributed  (in  the  absence  of  rays)  to  the  compHcated  dental 
apparatus,  whilst  others  pass  along  the  course  of  the  vessels  to  the  diges- 
tive organs.  The  transition  between  the  Radiata  and  Articulata,  pre- 
sented by  the  Holotlvwria  and  Sipunculus,  is  pecuHai-ly  well  marked  in  the 
nervous  system  of  these  animals ;  for  the  ring  which  encircles  the  mouth 
is  here  comparatively  small,  but  a  single  or  double  non-gangliated  fila- 
ment traverses  the  length  of  their  prolonged  bodies,  running  near  the 
abdominal  surface  (which  is  their  situation  in.  the  Articulated  classes)  and 
giving-off  transverse  branches. 

638.  When  we  compare  the  character  of  the  nervous  system  of  these 
Radiated  classes,  with  that  of  higher  Animals  of  more  heterogeneous 
structure,  we  find  that  every  segment  of  the  body  which  is  similar  to  the 
rest,  is  connected  with  a  ganglionic  centre,  that  seems  to  be  subservient 
to  the  functions  of  its  own.  division  alone,  and  to  have  little  communica- 
tion with,  or  dependence  iipon,  the  remainder;  these  centres  being  all 
apparently  similar  to  each  other  in  their  endowments.  This  is  the  case, 
indeed,  not  merely  with  the  tribes  we  are  now  considering,  but  with  the 
lower  Articulata;  the  chief  difference  being,  that  the  individual  portions 
are  here  disposed  in  a  radiate  manner  round  a  common  centre,  whilst  in 
the  latter  they  are  longitudinally  arranged.  But  when  the  different 
organs  are  so  far  specialized  as  to  be  confined  to  distinct  portions  of  the 
system,  and  each  part  consequently  becomes  jDossessed  of  a  different 
structure,  and  is  appropriated  to  a  separate  function,  this  repetition  of 
parts  in  the  nervous  system  no  longer  exists;  its  individual  portions 
assume  special  and  distinct  offices;  and  they  are  brought  into  much 
closer  relation  to  one  another,  by  means  of  the  commissures  or  con- 
necting fibres,  which  form  a  large  part  of  the  nervous  masses  in  the 
higher  Animals.  It  is  evident  that,  between  the  most  simple  and  the 
most  complex  forms  of  this  system,  there  must  be  a  number  of-  inter- 
mediate gradations, — each  of  them  having  a  relation  with  the  general 
form  of  the  body,  its  structure  and  economy,  and  the  specialization  of  its 
distinct  functions.  This  will  be  found,  on  careful  examination,  to  be 
strictly  the  case;  and  yet,  with  a  diversity  of  its  parts,  as  great  as  exists 
in  the  conformation  of  any  other  organs,  its  essential  character  wUl  be 
found  to  be  the  same  throughout. 

639.  Among  the  Molluscous  classes,  there  is  no  radiate  or  longitudinal 
multiplication  of  parts,  the  only  repetition  being  on  the  two  sides  of 
the  median  plane.  It  is  chiefly  in  the  organs  of  animal  life,  that  this 
bi-lateral  symmetry  is  observable,  the  symmetry  of  their  nutritive 
apparatus  being  obscured  by  the  unequal  development  of  its  diflerent 
parts  (§41)-  and  the  predominance  of  the  latter  in  their  organazation 
impresses  itself  (so  to  speak)  upon  their  Ner^^ous  System,  which  is  not 
formed  until  a  late  period  of  development  (§  565),  and  which  shows  a 
want  of  constancy  in  the  relative  position  of  its  centres,  that  is  m  striking 
contrast  with  the  uniformity  of  plan  which  is  so  obvious  in  the  nervous 
systems  of  Articulata  and  Yertebrata.  Of  these  centres,  there  ai-e  typi- 
cally three  pairs:— 1.  The  Cephalic  gangHa,  wliich  lie  either  at  the  sides 
of  the  oesophagus,  or  above  it,  and  may  be  eitlier  disjoined,  althougli 
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connected  hy  a  commissui'e,  or  fused  into  one  mass  wliicli  is  usually 
bilobed ;  tliis  gives-off  nerves  to  the  labial  and  olfactory  tentacula,  to  tbe 
eyes,  and  to  the  muscular  apparatus  of  the  mouth ;  and  upon  either  of 
these  nerves,  accessory  ganglia  may  be  developed. — 2.  The  Fecial  ganglia, 
which  are  commonly  fused  into  one  mass  which  is  situated  below  the 
oesophagus,  and  are  connected  with  the  ceiDhalic  ganglia  by  a  commissural 
band  on  each  side,  forming  a  ring  which  encircles  that  canal;  though, 
in  the  Nudih-cmchiata  and  some  other  Gasteropods,  the  pedal  ganglion 
of  each  side  is  fused  into  one  mass  with  the  corresponding  cephalic 
ganglion :  fi'om  the  pedal  ganglion  are  given-off  nerves  to  the  foot,  and 
also  to  the  organs  of  hearing  when  these  are  not  actually  lodged  in  them, 
as  frequently  happens. — 3.  The  Farieto-splcmclmic  ganglia,  which  are 
usually  found  in  the  posterior  part  of  the  body,  and  are  connected  by  com- 
missm-al  bands  both  with  the  cephalic  and  with  the  pedal  ganglia ;  these 
give-off  nei-ves  to  the  muscular  and  sensitive  parietes  of  the  body,  to  the 
shell-muscle  or  muscles,  to  the  branchial  apparatus,  and  to  the  heart  and 
large  vessels.  The  function  of  these  is  divided,  in  the  higher  Mollusca, 
between  two  or  more  pairs  of  ganglia;  and  the  proper  visceral  or  sympa- 
thetic system  becomes  more  distinct  from  it.* 

640.  ISTo  such .  differentiation  of  function  presents  itself,  however, 
among  the  lowest  MoUusca,  namely,  the  Bryozoa  and  Tunicata.  In 
many  of  the  former  group,  but  most  distinctly  in  the  fresh-water  species, 
a  small  body  may  be  seen  at  the  base  of  the  tentacular  circle  (Fio-.  49 
A,  a),  between  the  oral  and  anal  orifices;  which,  from  its  appearance' 
and  its  correspondence  in  position  with  the  undoubted  ganglion  of  the 
Tunicata,  may  be  regarded  almost  with  certainty  as  a  nervous  centre 
JSfo  branches,  however,  have  been  seen  to  proceed  from  it,  either  to  the 
tentacula,  or  to  the  muscles;  but  the  activity  of  the  movements  of  these 
ammals,  with  the  perfection  of  their  muscular  structure  (the  fibres  bein^ 
striated  m  many  species),  would  seem  to  indicate  that  nervous  instru- 
mentahty  is  concerned  in  them.— In  the  Tunicata  there  is  no  difficultv 
in  discovering  the  nervous  ganglion,  which  is  always  situated  between 
the  oral  and  anal  orifices  (Fig.  121,i),  being  sometimes  single,  and  some- 
times bilobed  or  even  double;  this  ganglion  is  connected  by  branches 
with  the  sensoiy  tentacula  which  guard  the  oral  orifice,  and  branches 
extend  from  It  a  so  over  the  muscular  coat  of  the  branchial  sac,  filaments 
being  specially  transmitted  to  the  oral  and  anal  sphincters.-No  beinS 
possessed  of  a  complex  mternal  structure,  a  distinct  stomach  and  alimentaJy 
tube,  a  pulsating  heart  and  ramifying  vascular  apparatus,  with  branch^ 
appendages  for  aerating  the  blood,  and  highly-developed  secretory  and 
reproductive  organs,  can  be  imagined  to  spend  the  period  of  theh'^eXt 
ence  m  a  mode  more  completely  vegetative  than  these.     The  continuous 
and  equable  current  of  water  which  enters  the  cavity  of  the  mantle  and 
which  serves  at  the  same  time  to  convey  food  to  the  stomach  and  to  aerate 
the  blood,  IS  maintained  without  any  nervous  agency,  by  the  vibrations 
of  the  cilia  mth  which  the  walls  of  the  cavit^  are  clothed  •  and  it  k 

ought  not  to  enter  the  orifice,  or  when  thev  hnvp  bp^,.  i     j  , 

are  to  be  expelled,  or  when  so„.e  <>.^.r^'l^io^l^^:t^,^\ 
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see  anytliing  like  a  definite  muscular  movement,  indicating  the  agency 
of  a  nervous  system.  The  ganglion  appears  to  control  the  circular 
sphincters  which  surround  the  orifices  of  the  mantle,  as  well  as  the 
muscular  fibres  wliich  are  spread  in  a  network  over  the  whole  sac ;  by  the 
contraction  of  the  former,  the  ingress  of  improper  substances  is  prevented; 
and  by  that  of  the  latter,  the  fluid  contained  in  the  cavity  is  violently 
ejected,  as  occiirs  when  the  animal  is  subjected  to  any  external  contact, 
or  is  excited  to  the  same  action  by  any  internal  irritation.  This 
ganglion,  then,  must  be  regarded  as  chiefly  parieto-splanchnic ;  and  from 
the  analogy  of  higher  animals,  we  should  be  led  to  regard  its  actions  as 
altogether  '  automatic,'  the  movements  just  described  being  analogous  to 
those  of  coughing  and  sneezing  in  Man.  Rudimentary  organs  of  vision 
and  of  hearing,  however,  are  foimd  in  some  Tunicata,  so  that  we  must 
regard  this  ganglion  as  the  seat  of  whatever  consciousness  these  animals 
may  possess;  and  from  the  distribution  of  the  nerves  which  are  con- 
nected with  it,  this  single  centre  must  be  considered  as  combining  in 
itself  the  functions  which  are  elsewhei-e  distributed  among  several. 

641.  The  type  of  the  Nervous  system  in  the  group  of  Brachio'poda 
presents  but  little  advance  upon  the  foregoing ;  the  chief  difierence  being, 
that  the  greater  disconnection  of  the  two  lateral  halves  of  the  body  keeps 
those  ganglionic  centres  distinct,  which  ai-e  fused  into  a  single  mass 
among  the  moUusks  of  the  precediag  group.  These  centres  are  sub- 
oesophageal  in  their  position;  but  they  are  connected  together,  not 
merely  by  a  commissural  band  beneath  the  oesophagus,  but  by  another 
which  arches-over  it;  so  that  a  complete  ring  is  formed,  through  which 
the  oesophagus  passes.  From  the  distribution  of  the  nerves  to  the  spiral 
arms,  to  the  mantle,  and  to  the  viscera,  it  is  evident  that  these  ganglionic 
centres  are  to  be  regarded  as  uniting  the  functions  of  pedal  and  parieio- 
splancJmic  ganglia;  whilst  the  existence  of  a  supra-cesophageal  commis- 
sure indicates  that  they  represent  also  the  cephalic  gangha,  although  no 
rudiments  of  special-sense  organs  or  nerves  have  been  yet  detected  in  this 

group.*  .  .    .  „ 

642.  The  separation  of  the  Nervous  centres,  and  the  differentiation  of 
their  function,  is  carried  to  a  greater  extent  in  the  Lamellibraoichiate 
bivalves,  in  accordance  with  the  higher  development  of  the  general 
organisation;  but  the  parieto-splanchnic  ganglion  is  still  the  principal 
one,  and  this  is  found  near  the  posterior  extremity  of  the  body._  At  the 
side's  of  the  cesophagus,  there  are  seen  two  small  labicd  or  cephalic  ganglia 
(Fig.  271,  a,  a),  tmited  by  a  band  which  arches  over  it,  and  usually,  also, 
by  another  pair  of  filaments  which  meet  beneath  it;  in  some  of  the 
higher  Conchifera  (such  as  the  Mactra),  however,  these  two  ganglia 
nearly  coalesce  into  a  single  mass  above  the  oesophagus.  These  ganglia 
are  connected  by  nervous  filaments  (probably  of  an  afferent  character) 
with  the  sensory  tentacula  that  guard  the  oral  orifice;  they  send  a  pair 
of  branches  (the  '  anterior  palleal'),  which  in  the  Soleiiare  of  considerable 
size  to  the  anterior  portion  of  the  mantle  and  to  the  anterior  adductor 
muscle-  a  pair  of  trunks  (e)  which  enter  the  ^janeto-s^J^mc/mic  ganglion, 
whose  branches  are  extensively  distributed  to  all  parts  of  the  respiratory 

*  See  Prof  Owen  on  the  'Anatomy  of  the  Terehivatula,'  in  the  Introduction  to  Mr. 
Davidson's  Monograph  on  the  "British  Fossil  Brachiopoda,"  p.  11. 
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Fig.  271. 


apparatus,  siphons,  &c.,  and  also  to  the  posterior  part  of  the  mantle 
('posterior  palleal'  branches)  and  to  the  adductor  muscle.    The  anterior 
and  posterior  palleal  nei-ves  of  either  side  usually  inosculate  to  form  a 
'  cii-cunipalleal'  nerve,  which  passes 
roimd  the  mai'gin  of  each  lobe  of 
the  mantle,  and  supplies  branches 
not  only  to  its  muscvdar  substance, 
but  also  to  the  sensory  organs  (such 
as  the  teatacula  of  Lima,  and  the 
eyes  of  Fecten,)  with  which  it  is 
often  furnished;  these  trunks  are 
frequently  studded,  as  in  Solen,  with 
minute  ganglia  (/j  /" )  in  different 
jjarts  of  their  course;  and  where 
none  such  are  met- with,  it  is  stated 
by  Duvernoy  that  the  nerves  them- 
selves contain  ganglionic  cells,  so 
as  in  fact  to  constitute  elongated 
ganglia.    In  those  Lamellihranchi- 
ata  which  possess  ]a  foot,  a  third 
principal  nervous  centre,  the  pedal 
ganglion  (6),  is  found  at  its  base, 
and  seems  peculiarly  connected 
with  its  actions ;  but  where  the 
foot  is  absent,  as  in  the  Oyster  tribe, 
this  either  does  not  exist,  or  is  only 
represented  by  a  pair  of  minute 
ganglia  situated  immediately  be- 
hind the  cephalic.  The  pedal  gan- 
glion has  always  an  immediate 
connection  with  the  cephalic ;  and 
in  general,  this  connection  is  quite 
distinct  from  that  of  the  parieto- 
splanchnic,  so  that  the  pedal  and 
parieto-splanchnic  ganglia  have  not 
even  an  apparent  connection  with 
each  other.    Sometimes,  however, 
the  pedal  ganglion  has  no  such 
obviously-distinct  communication 
with  the  cephalic,  being  situated 
on  the  nervous  cords  which  pass 
backwards  from  the  cejjhalic  to  the 
parieto-splanchnic;  and  the  pedal 
and  parieto-splanchnic  ganglia  thus 
seemtobe  connected  together.  The 
normal  relations  of  the  parts,  how- 
ever, are  not  altered  by  such  an 
arrangement;  for  the  trunks  Avhich 
connect  the  parieto-splanchnic  ganglia  with  the  cephalic  pass  over,  not 
through,  the  pedal,  which  has  its  own  bands  of  union  as  structurally  distinct 

u  u 


Nervous  system  of  Soleu;~a,  a,  cephalic  gniiglia, 
connected  by  a  transverse  band  arching  over  the  ceso- 
phagus;  i,  pedal  ganglion,  the  branches  of  which  are 
distributed  to  the  powerful  muscular  foot;  c,  parieto- 
splanchnic  ganglion,  the  branches  of  which  pro- 
ceed to  the  gUlsf/,  the  siphons,  i,  i,  and  other  parts- 
e,  trunks  connecting  the  cephalic  and  parieto-splanch- 
mc  gangUa;  /,/,/,/,  minute  gangha  ou  the  palleal 
branches;  h,  anus. 
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as  in  the  Solcn. — No  satisfactory  evidence  lias  yet  been  adduced,  of  the 
separate  existence  of  a  Sympathetic  or  visceo'cd  system  of  nerves  in  this 
gronp.* 

643.  A  good  deal  of  variety  exists  in  this  class,  in  regard  to  the  actions 
to  -wliich  the  nei-vons  system  is  subservient.    Many  of  those  which  have; 
no  foot  (such  as  the  Oyster)  are  attached  for  life  to  the  place  where  they 
originally  fix  themselves ;  and  no  evident  motion  is  exhibited  by  these, 
save  the  opening  and  closure  of  the  shell,  which  corresponds  with  the 
dilatation  and  contraction  of  the  sac  of  the  mantle  in  the  Tunicata.  This 
is  principally  accomplished  by  the  posterior  ganglion,  which  supplies  the 
adductor  muscle.    Other  species,  being  unattached,  are  enabled  to  swim 
by  the  flapping  of  the  valves  in  the  water.    Among  those  which  have  a 
foot,  this  organ  is  employed  for  many  different  purposes,  such  as  burrow- 
ing, leaping,  &c. ;  which  are  generally  executed  in  such  a  manner,  as  to 
imply  that  they  are  in  some  degree  under  the  direction  of  consciousness. 
And  it  is  in  the  most  free  and  active  of  these  Bivalves,  that  we  have  tlie 
most  distinct  indications  of  the  presence  of  organs  of  special  sensation ; 
these,  however,  where  they  exist,  are  not  restricted  to  any  particular  part 
of  the  body,  but  are  disposed  along  the  free  margins  of  the  lobes  of  the 
mantle.    For  reasons  wliich  will  be  given  hereafter,  it  appears  probable 
that,  whilst  the  general  movements  of  the  foot  are  directed  by  the  cephalic 
ganglia,  under  the  guidance  of  sensations,  the  'particfLilar  actions  by  which 
it  fixes  itself  on  a  given  surface,  and  adapts  its  disk  to  the  inequalities 
which  it  encounters,  may  be  produced  simply  by  impressions  conveyed  to 
its  own  ganglion  through  its  afferent  nerves,  and  reflected  through  its  motor 
fibres,  in  which  sensations  are  not  necessarily  concerned.    The  same  may 
be  inferred  respecting  the  actions  of  the  parieto-splanchnic  ganglion; 
which,  so  far  as  they  participate  in  the  respiratory  function,  may  probably 
be  considered  as  simply-reflex ;  but  when  the  adductor  muscle  is  caused 
by  it  to  di*aw-together  the  valves,  either  for  protection  from  threatened 
injury,  or  for  the  propulsion  of  the  body  through  the  water,  tlie  move- 
ment ijeing  prompted  or  directed  by  consciousness,  we  must  regard  the 
cephalic  ganglia  as  its  original  source. — The  whole  course  of  the  lives  of 
these  animals  shows  them  to  be  so  little  elevated  in  the  scale  of  psychical 
endowment,  that  we  can  scarcely  regard  any  of  the  motions  executed  by 
them  as  possessing  a  truly  voluntary  character.  The  greater  part  of  them 
are  concerned  in  protecting  the  animal  from  danger,  and  in  the  prehension 
of  its  food ;  and  may  be  compared  in  the  higher  animals  to  the  closing  of 
the  glottis  against  irritating  matters,  and  to  the  contraction  of  the  phai*ynx 
in  swallowing. 

644.  As  the  Head  is  not  otherwise  indicated,  in  the  two  preceding 
classes  of  Mollusca,  than  by  the  position  of  the  mouth,  and  as  the  organs 
of  special  sensation  are  but  very  imperfectly  evolved,  it  is  not  to  be 
wondered-at  that  the  cephalic  ganglia  should  be  inferior  in  size  to  tliosc 
more  connected  with  powerful  and  active  muscles.  But  in  the  higher 
classes  it  is  very  different;  and  in  proportion  as  we  meet  -with  evidence 
of  the  possession  of  the  senses  of  sight,  hearing,  &c.,  and  find  these 
organs  no  longer  scattered  over  the  periphery  of  the  body,  but  collected 

*  For  the  Anatomy  of  the  Nervous  system  of  Lamellibrancliiata,  see  especially  Garner 
in  "Linncean  Transactions,"  Vol.  XVII.  ;  Blancliard  in  "Ann.  des  Sd.  Nat.,  3"  S6r., 
Zool.,  Tom.  III.;  and  Duvernoy,  Op.  cit.,  Tom.  X\III. 
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upon  a  'head,'  do  we  observe  a  greater  concentration  of  the  ganglionic 
.system  towards  their  neighbourhood. — In  the  Fteropoda  and  Heteroiwda, 
tlie  general  distribution  of  the  nervous  system  is  not  very  dissimilar 
to  that  which  has  been  last  described.    Thus,  in  Garinaria,  the  cephalic 
ganglia  are  still  found  separate,  lying  at  the  sides  of  the  oesophagus,  and 
connected  by  a  transverse  band ;  and  these  receive  the  optic  nerves  and 
tentacular  filaments.    Besides  other  branches  ti'ansmitted  to  the  neigh- 
bouring oi'gans,  two  principal  trunks  are  sent  backwards,  which  unite  in 
a  large  ganglion  situated  among  the  viscera ;  and  from  this  nerves  proceed 
to  the  foot,  respiratory  organs,  and  j^osterior  part  of  the  trunk ;  so  that 
it  may  be  regarded  as  combining  the  functions  of  the  pedal  and  j)arieto- 
.splanchnic  ganglia,  as  is  fui'ther  indicated  by  its  quadrilobate  form.  In 
Gasteropoda,  howevei",  the  cephalic  ganglia  are  generally  much  larger  in 
jiroportion  to  the  rest,  than  they  are  in  Acephala;  and  they  show  a 
tendency  to  approximate  each  other,  and  to  gain  a  position  above  the 
CBSophagus,  as  we  see  in  Paludina  (Fig.  44,  ii,  u) ;  or  even  to  meet  upon 
it  in  a  single  mass,  as  in  Aplysia  (Fig.  50,  d).    The  parieto-splanchnic 
ganglia  are  not  unfrequently  represented  by  two  distinct  pairs  of  centres, 
which  may  be  termed,  from  the  distribution  of  their  respective  nerves, 
the  '  brancliial,'  and  the  '  palleal.'    The  branchial  ganglion  is  generally 
found  in  the  immediate  neighbourhood  of  the  respiratory  organs,  and  its 
position,  thei'efore,  is  as  variable  as  theirs  (§  291)  :  it  is  not  unfrequently 
conjoined  into  one  mass  with  the  pedal  or  palleal  centres;  but  its  j)resence 
may  always  be  recognised  by  the  distribution  of  its  nerves,  as  well  as  by 
its  separate  connection  with  the  cephalic  ganglia.    The  position  of  the 
pedal  ganglion,  which  is  constantly  found  in  the  Gasteropoda,  and  which 
is  generally  double  though  the  foot  is  single,  also  varies,  but  in  a  less 
degree  ;  since  it  is  usually  near  the  ventral  surface,  at  no  great  distance 
behind  the  head.    The  palleal  gangHa  are  sometimes  united  with  the 
branchial,  sometimes  with  the  pedal,  according,  perhaps,  as  the  movements 
of  the  mantle  most  participate  in  the  respiratory  acts,  or  in  the  general 
locomotion  of  the  body ;  but  they  are  recognised  by  the  distribution  of 
their  nerves,  and  by  their  separate  connection  with  the  cephalic  ganglia. 
Thus  in  Aplysia,  the  cord  of  communication  which  unites  the  sint^le 
supra-oesophageal  ganglion  (Fig.  50,  d)  with  the  two  infra-oesophageal 
ganglia  (e,  e),  is  triple ;  the  latter  are  known,  by  the  distribution  of  their 
nerves,  to  combine  the  functions  of  pedal  and  palleal  ganglia,  whence  we 
can  accoimt  for  their  double  connection  with  the  cephalic ;  and  the  third 
cord  passes  through,  them  to  the  branchial  ganglion  (m),  which  is  single, 
and  lies  at  the  posterior  part  of  the  body.    The  pedal,  branchial,  and 
palleal  ganglia  are  all  found  separate  from  one  another  in  some  instances  • 
while  in  other  cases  they  are  all  brought  together  in  the  neighbourhood  of 
the  cesophagvis.    This  last  is  the  usual  arrangement  in  the  '  naked'  Gas- 
teropods,  whether  pulmonated  or  branchiferous.    It  is  in  the  Fulmonata 
that  the  concentration  is  carried  to  its  greatest  extent ;  thus  in  the  Slug,  we 
find  but  a  single  nervous  mass  beneath  the  oesophagus,  in  which  the  three 
paii-s  of  ganglia  have  become  fused.    In  the  Nudibranchiata,  on  the  other 
hand,  these  ganglionic  centres  for  the  most  part  remain  distinct,  although 
they  are  aggregated-together ;  and  in  these,  moreover,  the  number  of 
nervous  centres  is  further  multiplied  by  the  development  of  cUstinct 
ganglia  in  connection  with  the  olfactory  and  optic  nerves.— Besides  the 

u  u  2 
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foregoing  ganglia  and  nerves,  we  find,  in  many  of  the  Gasteropoda,  a 
sepai-ate  system  connected  witli  tlie  complicated  apparatus  of  manducation 
find  deglutition,  which  this  class  usually  possesses.  The  nerves  which 
su.pply  these  organs  do  not  proceed  from  the  cephalic  ganglia,  but  from  a 
distinct  centre,  wliich  is  xisually  placed  in  advance  of  them  upon  the  mouth 
or  pharynx ;  and  their  ramifications  proceed  also  along  the  oesophagus  to 
the  stomach.  This  set  of  nerves  and  ganglia,  which  is  even  more  impor- 
tant from  its  relative  development  in  other  classes,  may  be  called  from 
its  distribution  the  stomato-gastric  system.  We  shall  see  that  analogous 
ganglionic  centres,  and  nerves  of  very  similar  distribution,  exist  in  Ver- 
tebrata;  but  that  they  no  longer  constitute  a  distinct  apparatus,  being  fused, 
as  it  were,  into  the  general  Cerebro-spinal  system. — A  distinct  visceral 
or  Sympathetic  system  of  nerves;  consisting  of  a  multitude  of  minute 
ganglia  and  of  a  network  of  filaments,  dispersed  through  the  various  parts 
of  the  apparatus  of  organic  life,  and  communicating  with  the  stomato- 
gastric  system,  has  now  been  clearly  made-out  among  the  Nudibranchiate 
Gasteropods,  and  probably  exists  elsewhere.* 

645.  In  our  examination  of  the  Nervous  System  of  the  MoUusca,  we 
hitherto  met  with  a  progressive  multiplication  of  its  centres,  in  accord- 
ance with  the  progressive  complication  of  the  organism,  and  especially 
with  the  increase  of  its  sensori-motor  powers.  To  those  simply  '  reflex ' 
actions  immediately  connected  with  the  maintenance  of  organic  life,  we 
have  found  that  general  locomotive  movements  are  superadded,  which, 
as  they  involve  the  guidance  of  sensations,  must  be  regarded  as  belonging 
to  the  '  consensual '  class ;  and  as  a  distinct  foot  is  developed,  the  muscular 
coat  of  the  mantle  thickened,  a  complicated  apparatus  for  the  reduction 
of  the  food  provided,  and  more  perfect  organs  of  sjDecial  sense  evolved,  do 
we  find  a  corresponding  development  of  ganglia  which  are  their  centres 
of  action.  In  no  instance,  however,  are  these  ganglia  repetitions  of  each 
other,  except  on  the  two  sides  of  the  median  line ;  and  there  is  no  evidence 
that  the  cephalic  ganglia  have  any  other  function,  than  that  of  receiving 
sensory  impressions,  communicating  them  (so  to  speak)  to  the  conscious- 
ness, and  calling  forth  respondent  muscular  movements.  Nor  is  there 
anything  in  the  habits  of  Irfe  of  these  animals,  which  indicates  that  their 
actions  are  of  a  nature  above  the  automatic. 

646.  The  Nervous  System  of  the  Cephalopoda  exhibits  an  obvious 
approach  towards  that  of  Yertebrated  animals,  in  the  concentration  of 
the  cephalic  ganglia  into  one  mass,  which,  though  still  perforated  by  the 
oesophagus,  lies  almost  entirely  above  it,  and  is  sometimes  protected  by 
plates  of  cartilage  that  constitute  the  rudiment  of  a  neuro-skeleton.  In 
the  Nautilus,  however,  which  is  the  type  of  the  inferior  or  Tetra- 
hranchiate  order  of  this  class,  the  general  distribiition  of  this  system 
corresponds  pretty  closely  with  that  seen  in  the  higher  Gasteropoda. 
The  oesophagus  is  still  encircled  with  a  ganglionic  ring,  of  which  the 
upper  part  gives  oflF  the  optic  nerves,  whilst  the  lower  supplies  the  mouth 
and  tentacula,  and  sends  trunks  backwards  into  the  shell.    The  trunk 

*  See  the  admiraUe  Memoir  '  On  the  Anatomy  of  Doris,'  by  Mr.  Hancock  and  Dr. 
Embleton  in  "Philos.  Transact.,"  1852,  and  the  'Anatomy  of  EoHs'  in  Alder  and  Han- 
cock's "Monograph  on  tLe  Nudibranchiate  Mollusca,"  published  by  the  Kay  Society. 
See  also  Mr.  Gamer's  Memoir  already  referred-to,  and  M.  Blanchard's  '  Recherches  snr 
rOrganisation  des  Opisthobranches, '  in  "Ann.  des  Sci.  Nat.,"     S6r.,  ZooL,  Tom.  IX. 
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which  sujiplies  the  internal  tentacula,  and  what  ia  probably  the  olfactory 
organ,  lias  a  small  ganglion  situated  upon  it ;  and  other  ganglia,  which 
probably  belong  to  the  stomato- gastric  and  sympathetic  systems,  are  found 


on  the  nerves  distributed  to 
whose  habits  ai'e  more  active, 
and  whose  general  organisa- 
tion is  higher,  we  find  a  some- 
what different  arrangement 
(Figs.  272-274).  The  organ  of 
vision  here  attains  an  increased  ,5.^^ 
development  and  imjjortance ;  | 
an  organ  of  hearing  evidently  ' 
exists ;  and  the  whole  surface 
of  the  body  is  possessed  of 
sensibility.     In  Argonauta, 
the  cephalic  ganglia  are  united 
into  a  single  large  mass  on 
the  median  line  (Fig.  272,  a), 
from  the  lateral  portions  of 
which  the  optic  nerves  are 
given-offj  but  in  Sepia  and 
Octopus,  the  optic  ganglia 
(Fig-s.  273,  274,  b,  b)  are  dis- 
tinct from  the  median  portion, 
which  is  considered  by  Prof 
Owen  as  an  olfactive  gan- 
glion.    The   nerves  which 
supply  the  buccal  apparatus 
are  usually  connected  with  a 
distinct  ganglion  in  advance 
of  the  cephalic  (Fig.  272,  b, 
Fig.  274,  e);  but  sometimes 
this  ganglion  is  fused  into 
the  general  mass,  as  happens 
in  Octopiis  (Fig.  273).  Be- 
sides this  buccal  ganglion,  we 
find  in  Sepia  a  labial  ganglion 
(Fig.  274,^/),  which  supplies 
the  parts  immediately  sur- 
rounding the  entrance  to  the 
mouth.     The  nerves  which 
supply  the  arms,  proceed,  in 
all  Cei^halopods,  from  the  an- 
terior part  of  the  sub-oeso- 
phageal  mass,  which  consti- 
tutes the  pedal  ganglion ;  and 
in  the  Dibranchiata,  whose 
arms    are    furnished  with 


the  viscera.    In  the  Dibranchiate  order, 


Fig.  272. 


Nervous  system  of  ulroonauto  arrro;  A,  as  seen  in  front; 
B,  as  viewed  in  profile,  sho\ving  the  relations  of  the  nervous 
centres  to  the  buccal  mass  A,  the  oesophagus  n,  and  the 
eye  c ; — a,  cephalic  ganglion ;  b,  buccal  ganglion  ;  c,  sub- 
CBsophageal  ganglion ;  d,  d,  stellate  ganglia  of  the  mantle  ; 
e,  visceral  gangUon ;  /,  nerves  of  the  arms,  with  gangHonic 
enlargements;  ,7,  optic  nerves;  k,  h,  eyes;  i,  t,  branchial 
nerves  with  their  ganglia. 


suckers,  the  nerve-tiamks  (Fig.  272,/,y)  are  beset  with  aseries  of  accessory 
ganglia  m  connection  with  those  organs,  every  sucker  possessing  a  gan- 
glion of  Its  own.     It  has  been  shown  by  Dr.  Sharpey,  that  the  principal 
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Flo.  273. 


Nervous  centres  of  Octo- 
pus; —  a,  pharyngeal  gan- 
glion ;  a',  proper  cephalic 
ganglion  ;  b,  optic  ganglion ; 

c,  sub-oesophageal  ganglion ; 

d,  aperture  giving  passage  to 
the  oesophagus ;  e,  one  of  the 
great  palleal  neires ;  J^,  prin- 
cipal visceral  nerve ;  g,  nerve 
of  the  funnel ;  }i,  auditory 
nerves ;  i,  i,  i,  i,  nerves  of  the 
arms ;  k,  buccal  nerves. 

Fio.  274. 


trunk  of  each  arm  may  be  divided  into  two  distinct  tracts;  in  one  of 
wliich  there  is  nothing  but  fibrous  structure,  forming  a  direct  communi- 
cation between  the  suckers  and  the  central  gan- 
glia; whilst  in  the  other  are  contained  the  ganglia 
Avhich  peculiarly  appertain  to  the  sucker,s,  and  which 
are  connected  with  them  by  distinct  filaments  :  so 
that  each  sucker  has  a  separate  relation  with  a  gan- 
glion of  its  ovm,  whilst  all  are  alike  connected  with 
the  cephalic  ganglia,  and  are  placed  under  their 
control.  We  see  the  results  of  this  an^angement, 
in  the  modes  in  which  the  contractile  power  of  the 
suckers  may  be  called  into  operation.  When  the 
animal  embraces  any  substance  with  its  arm  (being 
directed  to  this  action  by  its  sight  or  other  sensa- 
tion), it  can  bring  all  the  suckers  simultaneously  to 
bear  upon  it;  evidently  by  the  transmission  of  an 
impulse  along  the  motor  cords,  that  proceed  from 
the  central  ganglia  to  the  suckers.  On  the  other 
hand,  any  individual  sucker  may  be  made  to  con- 
tract and  attach  itself,  by  placing  a  substance  in 
contact  with  it  alone ;  and  this  action  will  take 
place  equally  well,  when  the  arm  is  separated  from 
the  body,  or  even  in  a  small  piece  of  the  arm  when 
recently  severed  from  the  rest, — thus  proving  that, 
when  it  is  directly  excited  by  an  impression  made 
upon  itself"  it  is  a  reflex  act,  quite  independent  of 
the  cej)halic  ganglia,  not  involving  sensation,  and 
taking  place  through  the  medium  of  its  own  ganglia 
alone.  In  the  Octopus,  which  swims  by  a  kind  of 
circular  fin  that  is  formed  by  a  membrane  connect- 
ing the  tentacula,  a  curious  connection  exists  be- 
tween the  nerves  radiating  to  these  from  the  cephalic 
ganglia;  for,  at  the  base  of  the  arms,  a  nervous  ring 
is  found  (like  that  of  the  Asterias  §  637),  which 
unites  them  all,  and  probably  contributes  to  har- 
monise their  actions. — From  the  posterior  part  of 
the  sub-cesophageal  mass,  proceed  the  nerve-trtmks 
which  supply  the  general  surface  of  the  mantle ;  and 
these  enter  two  large  stellate  ganglia  (Fig.  272,  c?,  d), 
before  separating  into  their  ramifications.  Other 
ti'unks,  also  furnished  with  ganglia  of  their  oT\ai  (i,  i), 
supply  the  respiratoiy  apparatus ;  and  in  the  centre 
we  find  a  single  or  double  trunk,  which  passes 
towards  the  digestive  ai^paratus,  and  enters  the 
visceral  ganglion  (e).  There  can  scarcely  be  a  doubt 
of  the  existence  of  a  sej)arate  Sympathetic  system ; 
although  it  has  not  yet  been  made-out. — Thus  we 
have  traced  in  the  Cephalopoda,  the  highest  develop- 
ment of  a  nervous  system  formed  to  minister  chiefly 
to  the  sensorial  and  nutritive  functions ;  we  shall  now  follow  that  of  the 
Articulata,  in  which  the  locomotive  powers  ai-e  especially  predominant ; 


Nervous  centres  of  Sepia 
nffvcinalis  ;—A,  viewed  from 
above;  B,  the  same  as  seen 
from  the  side,  mth  its  rela- 
tions to  A,  the  buccal  mass, 
B,  the  ODSophagus,  and  c  the 
aorta;— a,  cephalic  gangUon; 
b,  b,  optic  ganglia;  c,  sub- 
ccsophageal  ganglion;  d,  d, 
nerves  of  the  arms  ;  e,  buccal 
ganglion  ;  /,  labial  ganglion; 
g,  nerves  of  the  mantle ;  }t, 
visceral  nerve. 
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jiud  we  sluill  afterwards  liud  that  the 
Vortebrata  combiue  the  types  chai-ac- 
teristic  of  both. 

647.  The  plau  on  wliich  the  Ner- 
vous system  is  distributed  in  the 
sub-kingdom  Articidata,  exhibits  a 
remarkable  uniformity  thi-oughout 
the  whole  series ;  whilst  its  character 
gradually  becomes  moi-e  elevated,  as 
we  trace  it  from  the  lowest  to  the 
liighest  divisions  of  the  gi'oup.  It 
usually  consists  of  a  double  nervous 
cord,  studded  with  ganglia  at  in- 
tervals; and  the  more  alike  the  dif- 
ferent segments,  the  more  equal  are 
these  ganglia.  The  two  filaments  of 
the  nervous  cord  are  sometimes  at 
a  considerable  distance  one  from  the 
other,  and  therr  ganglia  distinct ;  but 
more  frequently  they  are  in  close 
apposition,  and  the  ganglik  appear 
single  and  common  to  both.  That 
which  may  be  regarded  as  the  typical 
conformation  of  the  nervous  system 
of  this  gi'oup,  is  seen  in  the  ganglionic 
cord  oi  Scolopendra,  or  in  that  of  the 
larva  of  most  Insects,  such  as  that 
of  Sphinx  ligusti-i  (Fig.  275).  Here 
we  see  the  nervous  cord  nearly  nm'- 
form  throughout,  its  two  halves  being- 
separated,  however,  at  the  anterior 
portion  of  the  body ;  the  ganglia  are 
disposed  at  tolerably-regular  inter- 
vals, are  similar  to  each  other  in  size 
(with  the  exception  of  the  last,  which 
is  formed  by  the  coalescence  of  two), 
and  every  one  supplies  its  own  seg- 
ment, having  little  connection  with 
any  other.  The  two  filaments  of  the 
cord  divei-ge  behind  the  head,  to  en- 
close the  oesophagus;  above  which 
we  find  a  pair  of  ganglia,  that  receive 
the  nerves  of  the  eyes  and  antennae. 
We'  shall  find  that,  in  the  higher 
classes,  the  inequality  in  the  forma- 
tion and  office  of  the  different  seg- 
ments, and  the  increased  powers  of 
special  sensation,  involve  a  consider- 
able change  in  the  nervous  system, 
Avhich  is  concentrated  about  the  head 
;uid  thorax.  In  the  simplest  Vermi- 


ARTXCUJLATA. 

Fici.  275. 


A 


N<;i'vi)U8  system  ul'  Jiiirviv  of  SphiiiJi  lii/itdri  ; 
A,  cephalic  panglia;  1-11,  gauglia  of  the 'trunk. 
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form  tribes,  on  the  other  hand,  we  lose  all  trace  of  separate  canL^lia  th. 
nervous  cord  passing  without  evident  enlargement  frorone  extSv  to 
the  other.  Whatever  may  be  the  degree  of  multiplication  ortL  iaSa 
o  the  trunk  they  seem  but  repetitions  one  of  another;  the  function?  S 
each  segment  bemg  the  same  with  those  of  the  rest.  ThTcM 
gangha,  however,  are  always  larger  and  more  important;  they  are  con 
nected  with  the  organs  of  special  sense;  and  they  evid;ntlyVossess  a 
power  of  directing  and  controlling  the  movementLf  the  eL>e  body 
whilst  the  power  of  each  ganglion  of  the  trunk  is  confined  to  its  own 
segment._The  longitudinal  gangliated  cord  of  Articulat '  occuLs  a 
position  which  seems  at  first  sight  altogether  different  from  that  of  he 
nervous  system  of  Vertebrated  animals;  being  found  in  the  neighbour- 

1?  f  '^''"^  of  lyfag  just 

beneath  tteir^W  or  upper  surface.  From  the  liistory  of  their  deve- 
opment  (§  582  however,  and  from  some  other  considerations,  i  has 
been  suggested  that  the  whole  body  of  these  animals  may  be  considered 
as  m  an  inverted  position;  the  part  in  which  the  segmentation  is  first 
^stmgmshed  m  Insects  being  the  real  equivalent  of  the  dorsal  region  in 
^ertebrata,  and  that  over  which  the  germinal  membrane  is  the  last  to 
c  ose-m,  bemg  homologous  with  the  ventral  region.  This  view  applies 
also  to  the  position  of  the  'dorsal  vessel,'  which  would  then  be  on  the 
ventral  side  of  the  axis,  as  in  Yertebrata.  Eegarded  under  this  aspect 
the  longitudinal  nervous  tract  of  Articulata  corresponds  with  the  Spinal 
cord  of  Yertebrated  ammals  in  positio7i,  as  we  shall  find  that  it  does  in 
junction. 

_   648,  When  the  structure  of  the  cliain  of  ganglia'is  more  particularlv 
mquired-mto,  it  is  found  to  consist  of  two  distinct  tracts;  one  of  which  is 
composed  of  nerre-Jibres  only,  and  passes  backwards  from  the  cephalic 
ganglia,  over  the  surface  of  all  the  gangHa  of  the  trunk,  givinc^-off 
branches  to  the  nerves  that  proceed  from  them ;  whilst  the  other  includes 
the  ganglia  themselves  (Fig.  277,  a).     Hence,  as  in  the  MoUusca,  every 
part  of  the  body  has  two  sets  of  nervous  connections;  one  with  the 
cephalic  ganglia;  and  the  other  with  the  ganglion  of  its  own  segment 
Impressions  made  upon  the  afferent  fibres,  which  proceed  from  any  part 
of  the  body  to  the  cephalic  ganglia,  become  sensations  when  conveyed 
to  the  latter;  whilst,  in  respondence  to  these,  the  consensual  impulses, 
operating  through  the  cephalic  ganglia,  harmonize  and  direct  the  general' 
movements  of  the  body,  by  means  of  the  efierent  nerves  proceeding  from 
them .  For  the  lower  reflex  operations,  on  the  other  hand,  the  ganglia  of  the 
ventral  cord  are  sufiicient;  each  one  ministering  to  the  actions  of  its  o^ti 
segment,  and,  to  a  certain  extent  also,  to  those  of  other  segments.   It  has 
been  ascertained  by  the  careful  dissections  of  Mr.  Newport,  to  whom  we 
owe  all  our  most  accurate  knowledge  of  the  structure  of  the  Nervous 
system  in  Articulated  animals,*  that  of  the  fibres  constituting  the  roots 
by  v?-hich  the  nerves  are  implanted  in  the  ganglia,  some  pass  into  the 
vesicular  matter  of  the  ganglion,  and,  after  coming  into  relation  with  its 
vesicular  substance,  jjass-out  again  on  the  same  side  (Fig.  276, /X-); 
-whilst  a  second  set,  after  traversing  the  vesicular  matter,  pass-out  by  the 
trunks  proceeding  from  the  opposite  side  of  the  same  ganglion;  wliilst  a 

*  See  his  successive  papers  in  the  "  Philosophical  Transactions"  from  1832  to  1843,  and 
particularly  his  Memou-  on  the  '  Nervous  System  of  Myriapoda'  in  the  last-named  year. 
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Portion  of  the  ganglionic  tract  of  Polydea- 
rmts  maculalus; — b,  inter-gnnglionic  cord; 
c,  anterior  nerves  ;  d,  posterior  nerves  ;  J",  k, 
fibres  of  reflex  action;  g,  h,  commissural 
fibres ;  i,  longitudinal  fibres,  softened  and 
enlarged,  as  they  pass  through  ganglionic 
matter. 


tliircl  set  run  along  the  portion  of  the  cord  which  connects  the  ganglia  of 
difi'erent  segments,  and  enter  the  ner- 
vous trunks  that  issue  from  them,  at  a  Fig.  276. 
distance  of  one  or  more  ganglia  above 
or  below.    Thus  it  appears,  that  an 
imjjression  conveyed  by  an  afferent  fibre 
to  any  ganglion,  may  excite  motion 
either  in  the  muscles  of  the  same  side 
of  its  own  segment;  or  in  those  of  the 
ojjposite  side ;  or  in  those  of  segments 
at  a  gi-eater  or  less  distance,  according 
to  the  point  at  which  the  efferent  fibres 
leave  the  cord.    And  as  the  function 
of  these  ganglia  is  altogether  related  to 
the  locomotive  actions  of  the  segments, 
we  may  regard  them  as  so  many  rej)e- 
titions  of  the  pedal  ganglia  of  the  Mol- 
lusca ;   their  multiplication  being  in 
precise  accordance  Avith  that  of  the  in- 
struments which  they  siipply. 

649.  The  general  conformation  of  Articidated  animals,  and  the  arrange- 
ment of  the  parts  of  their  IsTervous  system,  render  them  peculiarly  favour- 
able subjects  for  the  study  of  the  simplest  re/lex  actions;  some  of  the  princi- 
pal phenomena  of  which  will  now  be  described. — The  Mantis  religiosa 
customarily  places  itself  in  a  curious  position,  especially  when  threatened  or 
attacked,  _  resting  upon  its  two  posterior  pairs  of  legs,  and  elevating  its 
thorax  with  the  anterior  pair,  which  are  armed  with  powerful  claws:  now 
if  the  anterior  segment  of  the  thorax,  with  its  attached  members,  be 
removed,  the  posterior  part  of  the  body  will  still  remain  balanced  upon 
the  fom-  legs  which  belong  to  it,  resisting  any  attempts  to  overthi'ow  it, 
recovering  its  position  when  disturbed,  and  performing  the  same  agitated 
movements  of  the  wings  and  elytra  as  when  the  unmxitilated  insect  is 
irritated;  on  the  other  hand,  the  detached  portion  of  the  thorax,  which 
contains  a  gangUon,  wiU,  when  separated  from  the  head,  set  in  motion  its 

long  arms,  and  impress  their  hooks  on  the  fingers  which  hold  it.  If  the 

head  of  a  Centipede  be  cut-ofi",  whilst  it  is  in  motion,  the  body  will  con- 
tinue to  move-onwards  by  the  action  of  the  legs;  and  the  same  will  take 
place  m  the  separate  parts,  if  the  body  be  divided  into  several  distinct 
portions.  ^  After  these  actions  have  come  to  an  end,  they  may  be  excited 
again,  by  irritating  any  part  of  the  nervous  centres,  or  the  cut  extremity 
of  the  nervous  cord.  The  body  is  moved  forwards  by  the  regular  and 
successive  action  of  the  legs,  as  in  the  natural  state;  but  its  movements 
are  always  forwards,  never  backwards,  and  are  only  directed  to  one  side 
when  the  forward  movement  is  checked  by  an  interposed  obstacle.  Hence 
although  they  might  seem  to  indicate  consciousness  and  a  guidin*^  will 
they  do  not  so  in  reality;  for  they  are  carried-on,  as  it  were,  mechani- 
cally; and  show  no  direction  of  object,  no  avoidance  of  danger  If  the 
body  be  opposed  in  its  progress  by  an  obstacle  of  not  more  than  half  of 
its  own  height  It  mounts  over  it,  and  moves  directly  onwards,  as  in  its 
natural  state;  but  if  the  obstacle  be  equal  to  its  own  height,  its  prom-ess 
3s  arrested,  and  the  cut  extremity  of  the  body  remains  forced  up  against 
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the  opposing  substance,  the  legs  still  contvnuing  to  move. — If,  again  the 
nervous  cord  of  a  Centipede  he  divided  in  the  middle  of  the  trunk,  so 
that  the  hinder  legs  are  cut-off  from  connection  with  the  cephalic  ganglia, 
they  will  continue  to  move,  hut  not  in  harmony  with  those  of  the  fore 
part  of  the  body  3  being  completely  paralysed,  so  far  as  the  animal's  con- 
trolling power  is  concerned;  though  still  capable  of  performing  reflex 
movements  by  the  influence  of  their  own  ganglia,  which  may  thus  con- 
tinue to  propel  the  body,  in  opposition  to  tlie  determinations  of  the 
animal  itself. — The  case  is  still  more  remarkable,  when  the  nervous  cord 
is  not  merely  divided,  but  a  portion  of  it  is  entirely  removed  from  the 
middle  of  the  trunk;  for  the  anterior  legs  still  remain  obedient  to  the 
animal's  control ;  the  legs  of  the  segments,  from  wliich  the  nervous  cord 
has  been  removed,  are  altogether  motionless;  wliilst  those  of  the  posterior 
segments  continue  to  act,  through  the  reflex  powers  of  their  own  ganglia, 
in  a  manner  which  shows  that  the  animal  has  no  power  of  checking  or 
directing  them.* 

050.  The  stimulus  to  the  reflex  movements  of  the  legs,  in  the  foregoing 
cases,  appears  to  be  given  by  the  contact  of  the  extremities  with  the  solid 
surface  on  which  they  rest.  In  other  instances,  the  appropriate  impression 
can  only  be  made  by  the  contact  of  liquid ;  thus  a  Dytiscus  (a  kind  of 
water-beetle)  having  had  its  cephalic  ganglia  removed,  remained  motion- 
less, so  long  as  it  rested  upon  a  dry  surface ;  but  when  cast  into  water,  it 
executed  the  usual  swimming  motions  with  great  energy  and  rapidity, 
striking  all  its  comrades  to  one  side  by  its  violence,  and  persisting  in  these 
for  more  than  half  an  hour. — Other  movements,  again,  may  be  excited 
through  the  respiratory  surface.  Thus,  if  the  head  of  a  Centipede  be  cut 
off,  and,  while  it  remains  at  rest,  some  irritating  vapour  (such  as  that  of 
ammonia  or  muiiatic  acid)  be  caused  to  enter  the  air-tubes  on  one  side  of 
the  trunk,  the  body  wiU  be  immediately  bent  in  the  opposite  direction,  so 
as  to  withdraw  itself  as  much  as  possible  from  the  influence  of  the  vapour : 
if  the  same  irritation  be  then  ajjplied  on  the  other  side,  the  reverse  move- 
ment will  take  place ;  and  the  body  may  be  caused  to  bend  in  two  or 
three  different  curves,  by  bringing  the  irritating  vapour  into  the  neigh- 
bourhood of  different  parts  of  either  side.  This  movement  is  evidently 
a  reflex  one,  and  serves  to  withdraw  the  entrances  of  the  air-tubes  from 
the  source  of  irritation ;  in  the  same  manner  as  the  acts  of  coughing  and 
sneezing  in  the  higher  animals  cause  the  expulsion,  from  the  air-passages, 
of  solid,  liquid,  or  gaseous  irritating  matters,  which  may  have  found  their 
way  into  them. 

651.  From  these  and  similar  facts  it  appears,  that  the  ordinary  move- 
ments of  the  legs  and  wings  of  Articvdated  animals  are  of  a  'reflex'  nature, 
and  may  be  effected  solely  through  the  ganglia  with  which  these  organs 
are  severally  connected ;  whilst  in  the  perfect  being  they  are  harmonised, 
controlled,  and  directed  by  impulses  which  act  through  the  cej^halic 
ganglia  end  the  nerves  proceeding  from  them.  There  is  strong  reason 
to  believe,  that  the  operations  to  which  these  last  ganglia  are  subservient, 
are  almost  entirely  of  a  cooisensual  nature ;  being  immediately  promjited 
by  sensations,  chiefly  those  of  sight,  and  seldom  by  any  processes  of  a 
truly  intelligent  character.  When  we  attentively  consider  the  habits  of 
these  animals,  we  find  that  their  actions,  though  evidently  directed  to 

*  See  Newport  iu  ilie  "  Philosophiciil  Transactious"  for  1843. 
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the  attainment  of  certain  ends,  are  very  far  from  being  of  the  same 
spontaneous  natm-e,  or  from  possessing  the  same  designed  adaptation 
of  means  to  ends,  as  those  performed  by  ourselves,  or  by  the  more 
intelligent  Vertebrata,  under  like  circumstances.  We  judge  of  this  by 
theii-  unvarying  character, — the  different  individuals  of  the  same  species 
executing  precisely  the  same  movements,  when  the  circumstances  are 
the  same  j  and  by  the  very  elaborate  nature  of  the  mental  operations, 
which  would  be  requii-ed,  in  many  instances,  to  arrive  at  the  like 
results  by  an  effoi-t  of  reason.  Of  such  we  cannot  have  a  more  remark- 
able example  than  is  to  be  found  in  the  operations  of  Bees,  Wasps,  and 
other  social  insects;  which  construct  habitations  for  themselves,  uj^on  a 
plan  which  the  most  enlightened  Human  intelligence,  working  according 
to  the  most  refined  geometrical  principles,  could  not  surpass ;  but  which 
yet  do  so  without  education  communicated  by  their  parents,  or  j)ro- 
gressive  attempts  of  their  own,  and  with  no  trace  of  hesitation,  con- 
fusion, or  interruption, 

—the   different  indivi-  Fig-  277. 

duals  of  a  community  all 
labouring  effectively  to 
one  purpose,  because 
their  automatic  impulses 
(from  which  their  in- 
stinctive actions  proceed) 
are  all  of  the  same  nature. 
(See  §§  681,  682). 

652.  IN'ot  only  are  the 
locomotive  ganglia  multi- 
plied in  accordance  with 
the  repetition  of  seg- 
ments and  members ;  but 
the  respiratory  ganglia 
are  multiplied  in  like 
manner,  in  accordance 
Nvith  the  repetition  of 
the  respiratoiy  organs. 
The  respiratory  division 
of  the  nervous  system 
consists  of  a  chain  of 
minute  ganglia,  lying 
upon  the  larger  cord,  and 
sending-off  its  delicate 
nerves  between  those 
that  proceed  from  the 
ganglia  of  the  latter,  as 
is  seen  in  Fig.  277,  c. 
These  respiratory  gan- 
glia and  their  nerves  are 
best  seen  in  the  thoracic 
portion  of  the  cord,  where 

the  cords  of  communication  between  the  pedal  ganglia  diverge  or  seBam+o 
one  from  the  other.    And  this  is  particularly  fhe^case  in  the  PupSt 


Parts  of  the  Nervous  System  of  Articulata.— a,  single  Rauelion 
ot  Centipede,  much  enlarged,  ahoning  the  distinctness  of  the  purely 
tibrous  tract  4,  from  the  gauglionic  column,  n.— u,  iiortion  of  the 
double  cord  from  the  thorax  of  the  pupa  of  SpUux  ligustri,  showine 
Uie  respiratory  ganglia  and  nerves  between  the  ganclia  (2  3  if 
and  the  separated  curds  of  the  locomotive  systeml-c,  view  of  the 
two  systems  combnied,  showing  their  arrangement  in  the  larva  • 
«,  ganglion  oi  ventral  column;  i,  flbrous  tract  passing  over  it  ^ 
c,  c,  respiratory  system  of  nerves  distinct  from  both  ' 
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Nervous  System  of 
lulus  terrestris  j  —  a, 
an tennal nerves;  b,  ce- 
phalic ganglia;  rf, optic 
nerves;  h,  in,  lateral 
ganglia  ;  I,  recurrent 
nerve;  1,  2,  3,  i,  gan- 
gUaof  the  ventral  cord. 


when  the  whole  cord  is  being  shortened,  and  their  diver- 
gence is  increased.  The  thoracic  portion  of  the  cord  in 
the  Pupa  of  Sphinx  liguslri,  Ls  shown  in  Fig.  277,  B ; 
which  represents  the  2nd,  3rd,  and  ith  double  ganglia 
of  the  ventral  series,  the  cords  of  connection  between 
them,  here  Avidely  diverging  laterally,  and  the  small 
respiratory  ganglia,  which  are  connected  with  each  other 
by  delicate  filaments  that  pass  over  the  ganglia  of  the 
ventral  cord,  and  which  send-off  lateral  branches,  that 
are  distributed  to  the  air-tubes  and  other  parts  of  the 
respiratory  apparatus,  communicating  with  those  of  the 
other  system. 

653.  The  apparatus  for  the  ingestion  and  preparation 
of  food  has  its  own  Stomato-gastric  system  of  ganglia 
and  nerves  in  nearly  all  Articulata.  Thus  in  the  Leech, 
we  find  a  minute  ganglion  existing  at  the  base  of  each 
of  the  three  teeth  (or  rather  jaws)  by  which  incisions 
are  made;  these  ganglia  are  connected  with  each  other, 
and  with  the  cephalic,  by  slender  filaments;  and  they 
also  seem  to  be  in  connection  with  other  filaments,  which 
may  be  traced  along  the  alimentary  canal.  In  lulus, 
and  in  the  larva  of  Sphinx  ligustri,  Mr.  I^ewport  has 
detected  a  central  and  two  lateral  ganglia,  situated  in 
close  proximity  with  the  cephalic,  and  commiinicating 
with  them;  from  the  former  of  these  a  'recurrent'  trunk 
(Fig.  278,  I)  passes  backwards  along  the  oesophagus  to 
the  stomach,  apparently  corresponding  in  its  distiibu- 
tion  with  the  gastric  division  of  the  par  vagum  in 
Yertebrata.  The  lateral  ganglia  {h,  m),  however,  seem 
rather  to  belong  to  the  Sympathetic  or  visceral  system ; 
their  filaments  being  chiefly  distributed  upon  the  dorsal 
vessel,  and  upon  the  intestinal  canal. — A  more  complete 
stomato-gastric  system  is  found  in  Insects  which  are 
remarkable  for  their  masticating  powers.  Thus  in  the 
Gryllotaljja  vulgaris  (mole-cricket),  we  find  it  consisting 
of  two  divisions,  the  median,  and  the  lateral.  The  former 
seems  to  originate  in  a  small  ganglion,  situated  (as  iu 
the  Sphinx)  anteriorly  and  inferiorly  to  the  cephalic 
mass,  with  which  it  communicates  by  a  connecting  branch 
on  each  side;  from  this  ganglion,  nerves  proceed  to  the 
walls  of  the  buccal  cavity,  the  mandibles,  &c.;  but  its 
principal  trunk  is  sent  backwards  beneath  the  phaiynx. 
The  ramifications  of  this  'recurrent'  are  distributed 
along  the  oesophageal  tube  and  dorsal  vessel ;  whilst  the 
trunk  passes  downwards  to  the  stomach,  where  its 
branches  inosculate  with  those  supplied  by  the  lateral 
system,  and  enter  a  pair  of  small  ganglia,  from  which 
most  of  the  visceral  nerves  radiate.  The  ganglia  oi 
the  lateral  system  are  two  on  either  side,  lying,  one  in 
front  of  the  other,  behind  and  beneath  the  cephalic 
masses,  with  whicli  the  anterior  pair  communicate; 
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from  these,  two  cords  pass  backwards  on  either  side,  one  derived  from 
the  anterior,  and  the  other  from  the  jiosterior;  and  these  cords  run 
along  the  sides  of  the  cesophagus  and  dorsal  vessel,  and  after  inoscu- 
latiug  with  the  branches  of  the  median  system,  enter  the  two  celiac 
ganglia,  whose  branches  i-adiate  to  the  abdominal  viscera. — In  this,  as 
in  the  preceding  case,  it  would  seem  as  if  the  median  portion  of  this 
system  partly  resembles  the  gastric  portion  of  the  Par  Yagum  of  Verte- 
brata,  with  the  portion  of  the  medulla  oblongata  which  serves  as  its 
ganglionic  centre ;  corresponding  also,  like  the  buccal  ganglion  of 
MoUusca,  with  the  third  division  of  the  Fifth  pair  in  Vertebrata,  by 
which  the  muscles  of  mastication  are  esijecially  suj)plied,  and  with  the 
Glosso-pharyngeal,  which  is  esjjecially  concerned  in  the  act  of  deglutition. 
The  union  between  these  nerves  in  Fishes,  near  their  origin,  is  extremely 
close ;  and  they  may  almost  be  considered  as  proceeding  from  the  same 
ganglionic  centre.  On  the  other  hand,  the  lateral  ganglia  seem  more 
analogous  to  the  centres  of  the  Sympathetic  system  in  Vertebrata ;  espe- 
cially in  the  connection  of  their  branches  with  all  the  other  systems  of 
nei-ves,  and  in  the  share  which  they  have  in  the  formation  of  the  cceliac 
ganglia.  And  this  view  of  the  relative  functions  of  the  two  divisions 
included  under  the  general  term  of  'stomato-gastric  system,'  is  strengthened 
by  the  fact,  that  the  connection  between  the  Sympathetic  system  and  the 
Par  Vagum  is  peculiarly  intimate  in  Fishes,  so  that  the  two  sets  of  nerves 
can  scarcely  be  isolated  from  each  other. 

654.  Although  the  cephalic  ganglia  are  usually  larger  than  those  of  the 
ventral  trunk,  yet  their  relative  size  varies  considerably.  They  receive 
nerve-trunks  from  the  eyes,  antennae,  and  other  sensory  organs;  and  the 
history  of  their  development  shows  that  they  are  to  be  regarded  as  com- 
posed of  several  distinct  pairs,  which  are  fused  (as  it  were)  into  one  mass 
on  either  side.  According  to  Mr.  Newport,  the  cephalic  ganglia  of  the 
Centipede  are  formed  by  the  coalescence  of  the  ganglia  of  the  four 
segments,  of  which  the  anterior  portion  of  the  head  is  composed;  whilst 
the  first  sub-a3sophageal  ganglion  is  in  like  manner  composed  of  those  of 
the  four  segments,  which  have  coalesced  to  form  the  posterior  part  of  the 
head.  The  relative  development  of  the  cephalic  ganglia,  however,  is  so 
closely  accordant  with  that  of  the  visual  organs,— as  we  see,  not  only  in 
compariag  cUfferent  species  with  each  other,  but  in  comparing  the  larva 
and  %ma(jo  states  of  the  same  Insects,— that  there  can  be  no  doubt  that 
they  are  to  be  regarded  as  chiefly  optic  ganglia,  corresponding  with  the 
optic  lobes  of  Fishes.  There  is  no  distinct  trace,  in  Articulata  gene- 
rally of  anythmg  that  can  be  fairly  considered  homologous  either  with 
the  Cerebrum  or  with  the  Cerebellum  of  Yertebrata;  the  first  subceso- 
phageal  ganglion,  which  has  been  likened  to  the  latter,  being  really 
homologous  (as  the  distribution  of  its  nerves  abundantly  proves)  with  the 
Medulla  Oblongata.— (See  §  682,  noteY 

*  The  view  here  given  of  the  Anatomical  signification  and  Physiological  action  of  thp 

?S"'«  On  tT/p/^r^'^f  A"'"''^''  '^«^^l«P^d  by  tL  Author, I  his  Prize 

Thesis  _  On  the  Physiological  Inferences  to  be  deduced  fi-om  the  Structure  of  the  Nei  von« 
Sys  em  in  the  Invertebrated  Classes  of  Animals,"  published  in  1839.  The  pfe'aTent 
doctnne  at  tfiat  period  regarding  the  actions  of  the  ventral  cord  of  Articulata  wai  tW  f 
Mr.  Newport  ;  who  maintained  that  the  fibrous  tract  was  mlr,  and 
~/y,  hkenmg  them  respectively  to  the  anterior  and  posterior  cohtmns  of  the  fel 
Oord.    In  opposition  to  this  doctrine,  the  Author  adduced  a  number  of  facts  and  aC 
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G55.  We  shall  now  briefly  notice  the  principal  varieties  of  this  general 
plan,  which  are  presented  to  us  in  the  chief  subdivisions  of  the 
Ai-ticulatcd  series. — In  its  lowest  forms,  no  other  than  cephalic  ganglia 
(Fig.  101,  /)  have  yet  been  detected;  these  give-off  a  band  which 
encircles  the  oesophagus ;  and  send-back  a  pair  of  longitudinal  filaments 
that  run  towards  the  caudal  extremity  of  the  body,  diverging  from  one 
another  more  or  less  widely,  and  giving-off  branches  at  intervals,  that 
encu-cle  the  body.  No  ganglionic  enlargements  have  been  detected  in 
these ;  but  it  does  not  seem  improbable  that  they  may  contain  nerve- 
cells. — It  can  scarcely  be  doubted  that  a  Nervous  system  is  present  in 
Rotifera;  biit  its  existence  cannot  yet  be  said  to  have  been  distinctly 
made-out,  some  of  the  best  observers  being  by  no  means  in  agreement 
.as  to  the  structures  which  are  to  be  interpreted  as  nerves  and  ganglia.* 
— In  the  Annelida  we  are  led  to  that  condition  of  the  nervous  system, 
which  has  been  spoken-of  as  typical  of  the  group  of  Articulata;  for, 
whilst  the  soft-skinned  species,  in  which  there  are  neither  organs  of 
special  sensation,  nor  distinct  members  for  propulsion,  have  scarcely  any 
ganglionic  enlargements  on  the  nervous  cord,  the  higher  tribes,  in  which 
the  division  into  segments  becomes  distinct,  and  in  which  the  animal 
relies  for  locomotion  more  upon  the  action  of  its  members  than  upon  that 
of  its  trunk,  have  ganglia  regularly  disposed  at  inteiwals  corresponding 
with  the  division  into  segments.  These  ganglia,  however,  as  in  the 
inferior  Myriapoda,  in  which  the  segments  of  the  body  are  very  nume- 
rous, are  often  so  small  and  so  closely  set-together,  that  they  seem  almost 
to  form  one  continuous  tract  (Fig.  278).  The  cephalic  ganglia  are  usually 
of  small  bulk  in  the  Annelida,  in  accordance  with  the  very  imperfect 
development  of  their  organs  of  special  sense;  but  as  we  pass  from  them 
to  the  lower  Myriapoda,  and  thence,  through  the  higher  forms  of  that 
class,  to  the  Insects  which  are  most  distinguished  for  their  visual  powers, 
we  find  a  very  remarkable  increase  in  the  relative  size  of  these  organs. — 
In  harmony  with  the  increased  development  of  the  sensori-motor  portion 
of  the  nervous  system,  do  we  find  the  respiratory,  stomato-gastric,  and 
visceral  centres  becoming  more  distinct,  and  obviously  rising  in  functional 
importance,  t 

656.  The  nervous  system  of  Insects,  like  the  rest  of  their  organs, 
presents  very  different  aspects  at  the  different  stages  of  their  meta- 
morphosis; and  these  have  a  peculiarly  interesting  relation  with  the 

ments,  which  appeared  to  him  to  prove  unequivocally  that  the  ganglia  of  the  ventral  cord 
are  centres  of  '  reflex'  action  ;  and  his  views  were  very  early  adopted  by  Professors  Owen, 
Sharpey,  and  other  distinguished  Physiologists  in  this  country.  Mr.  Newport,  however, 
having  remained  unconvinced,  determined  to  re-investigate  the  subject  for  himself;  and 
in  his  valuable  paper  in  the  "Philosophical  Transactions"  for  1843,  avowed  Ms  adoption 
of  the  '  reflex'  doctrine,  which  he  strengthened  by  additional  facts  of  great  importance, 
drawn  both  from  anatomical  and  from  experimental  inquiry. — As  the  Author  has  reason 
to  believe  that  this  doctrine  is  now  generally  accepted  by  Physiologists,  both  at  home  and 
abroad,  as  the  correct  interpretation  of  the  phenomena  presented  by  the  Nervous  System  of 
Invertebrata,  he  has  not  thought  it  necessary  to  do  more  in  this  place  than  explain  and 

illustrate  it.  ,  ^     ,.   .    ,,Tr  -ii- 

*  See  Huxley  in  "Microscopical  Transactions,"  2nd  Ser.,  p.  8,  and  Leydig  m  KoUi- 

ker  and  Siebold's  Zeitschrift,"  Feb.,  1852. 

t  In  the  Amphinomidce,  th6re  is  a  remarkable  gangliated  chain  of  nerves,  on  each  sirte 

of  the  abdomen,  which  communicates  by  transverse  branches  with  the  esophageal  ring 

and  ventral  column.    The  signification  of  this  curious  system,  first  discovered  by  btanniu.? 

("Isis,"  18.31),  is  altogether  unknown. 
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general  characters  and  habits  of  the  animals.  The  Larva,  as  formerly 
stated  (§  583),  may  be  regarded  as,  in  almost  every  respect,  on  a  level 
with  the  Annelida;  all  its  segments  are  equal,  or  nearly  so ;  all  are  nearly 
alike  concerned  in  the  function  of  locomotion ;  and  its  nervous  cords,  witli 
their  ganglia,  are  consequently  disposed  with  great  imiformity.  The 
number  of  segments  being  always  13  (including  the  head  as  one),  that  of 
the  ganglia  is  usually  the  same ;  the  last  two  or  even  three  ganglia,  how- 
ever, are  frequently  consolidated  into  one.  The  cephalic  ganglia,  placed 
in  front  of  the  oesophagus,  are  small  in  proportion  to  the  size  they  subse- 
quently attain,  in  conformity  with  the  low  development  of  the  organs  of 
si^ecial  sensation.  Throughoixt  the  whole  column  of  the  larva,  the  sepa- 
ration of  its  lateral  halves  is  evident ;  and  this  is  a  character  peculiar  to 
the  lower  Articulated  tribes ;  for,  in  the  perfect  Insects,  Ci-ustacea,  &c., 
these  divisions  approximate  so  closely,  as  to  leave  no  S2:)ace  between  them. 
The  small  respiratory  filaments  are  seen  to  come-off  a  little  above  the 
ganghonic  nerves ;  and  these  are  distributed  to  the  stigmata,  and  to  the 
muscles  concerned  in  respiration,  whilst  the  latter  ramify  on  the  general 
surface  and  supply  the  locomotive  organs.  When  the  larva  is  about  to 
assume  the  Pupa  state,  a  very  remarkable  series  of  changes  takes  place  in 
the  nervous  system;  for  the  ganglia  are  rapidly  approximated,  in  accor- 
dance with  the  sudden  diminution  in  the  length  of  the  body;  but  the 
cords  themselves  are  not  yet  shortened,  so  that  they  assume  a  sinuous 
form,  and  in  the  thoracic  region  the  lateral  halves  are  more  widely  sepa- 
i-ated  than  before  (Fig.  277,  b).  ISTo  great  change  is  yet  seen  in  the  ganglia 
themselves;  but  the  oesophageal  ring  is  much  contracted;  and  the 
filaments  proceeding  to  the  rudimentary  wings,  wliich  now  make  their 
appearance,  begin  to  attain  a  considerable  size. — The  SjMnx  Ugustri 
remains  for  several  months  in  the  Pwpa  state;  and  the  progressive  altera- 
tions in  its  nervous  system  may,  therefore,  be  very  advantageously 
watched.  It  appears  that,  between  the  time  of  the  first  and  that  of  its 
second  metamorphosis,  very  considerable  changes  gradually  take  place, 
which  all  tend  towards  its  final  development.  In  what  may  be  regarded 
as  its  characteristic  form  in  the  pupa  state,  the  inter-ganglionic°  cords 
have  adapted  themselves  to  the  shortened  dimensions  of  the  body,  and 
they  lie  straight  as  in  the  larva;  the  cephalic  ganglia  have  greatly  in- 
creased in  size,  and  are  in  such  close  proximity  with  the  first  ganglion  of 
the  tnmk,  that  the  oesophageal  aperture  is  now  much  contracted;  the 
second  and  third  ganglia  of  the  trunk,  from  which  the  nerves  pass  to  the 
wings,  are  considerably  enlarged,  whilst  the  fourth  and  fifth  have  coalesced 
into  one  mass,  to  which  the  sixth  also  closely  approximates;  the  abdo- 
minal columns  are  but  little  altered,  their  ganglia,  however,  are  now 
somewhat  smaller  in  proportion  to  the  rest.— These  changes  conduct  us 
towards  the  condition  of  the  nervous  system  in  the  Imago  or  perfect 
^J^^  cephalic  ganglia  have  now  undergone  an  enormous  increase 
(J<ig.  57,  A),  the  part  connected  with  the  eyes  being  particularly  en- 
larged; and  they  extend  over  the  esophageal  canal  so  much  as  to  conceal 
It,  uniting  themselves  closely  with  the  first  ganglion  of  the  trunk  The 
second  ganglion  {I)  has  entirely  shifted  its  position,  and  receded  towards 
the  middle  of  the  thorax;  the  third  has  quite  disappeared,  seeming  to  have 
coalesced  in  pait  with  the  second,  and  in  part  with  the  one  below  it  as 
well  as  with  their  connecting  cords.    The  next  ganglion  {m)  appears  to 
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coiitain  the  nervous  matter, — not  only  of  the  fourth  and  fifth  which  have 
evidently  coalesced  to  form  it, — but  of  the  sixth  and  seventh,  wliich  liavo 
become  obliterated,  though  their  nerves  are  still  given-off  from  the  cord. 
The  remaining  ganglia  have  undergone  but  little  change,  but  are  mucli 
smaller  in  proportion  to  the  rest.  This  alteration  is  evidently  coufoi-maljle 
to  that  which  has  taken  place  in  the  condition  of  the  locomotive  apparatus; 
all  the  legs,  whose  number  is  reduced  to  six,  now  proceeding  from  the 
three  segments  of  the  thorax,  with  which  the  wings  also  are  connected. 

657.  "We  see,  then,  that  the  tendency  of  the  metamorphosis  is  to  con- 
centrate the  ganglionic  portion  of  the  nervous  system  in  the  head  and 
thorax ;  the  former  being  the  position  of  the  organs  of  special  sensation, 
the  latter  the  situation  of  the  locomotive  apparatus.  A  lateral  concentra- 
tion may  be  frequently  observed,  as  well  as  the  longitudinal  one ;  for  whilst 
in  some  Larvae  the  two  cords  are  quite  distinct,  and  are  separated  by  a 
considerable  interval,  these  approximate  in  the  Imago  into  a  single 
column.  There  are  many  insects  in  which  the  concentration  is  carried 
much  further,  than  in  the  instance  now  described ;  the  abdominal  ganglia 
being  almost  entirely  obliterated,  and  the  nervous  •  centres  restricted  to 
the  head  and  thorax.  This  is  partly  the  case  in  the  Melolontha  (Cock- 
chafer), whose  thorax  contains  three  contiguous  ganglionic  masses,  from 
wliich  nerves  radiate  to  the  wings  and  legs,  and  others  pass  backwards 
into  the  abdomen,  where  no  ganglia  exist.  The  greatest  concentration 
exists,  however,  in  the  orders  Homoptera  and  Hmii'piera. — It  is  interesting 
to  observe  that  in  many  Lepidoftera  and  Hymenoptera,  which  are  remark- 
able for  rapid  and  powerful  flight,  the  nerves  supplying  both  pairs  of 
wings  are  united  at  their  origins.  On  the  other  hand,  in  many  Insects 
which  are  not  remarkable  for  velocity  or  eqtiability  of  motion,  the  nerves 
supplying  each  wing  originate  separately,  and  have  little  communication, 
just  as  in  the  larva  of  the  Sphinx;  and  in  the  Goleo-ptera,  in  which  the 
upper  pair  or  elytra  are  motionless  during  flight,  the  nerves  frequently 
remain  entirely  separate.  Hence  it  is  not  unfairly  argued  by  Mr.  New- 
port, that  this  common  origin  of  the  nerves  is  subservient  to  the  uni- 
formity and  the  eqiiability  of  the  actions  of  the  wings,  required  in 
Insects  of  rapid  and  powerful  flight.  This  arrangement  reminds  us,  on 
the  one  hand,  of  the  circular  trimk  that  connects  the  nerves  of  the  arms 
of  Octopus  (§  646);  and  on  the  other,  of  the  plexiform  arrangement  of 
the  nerves  of  the  extremities  in  the  higher  Yertebrata. 

658.  The  condition  of  the  Nervous  System  in  Crustacea  presents  a 
regular  series  of  gradations,  between  the  type  on  which  it  is  constructed 
in  the  Annelida  and  Myriapoda,  and  one  of  higher  concentration  than 
exists  in  any  Insect.  The  former  is  seen  in  those,  whose  bodies  display 
the  greatest  equality  of  segmental  division,  and  in  which  there  is  the 
greatest  similarity  in  the  endowments  of  the  several  members;  for  in  such 
we  find  the  ganglia  of  the  ventral  cord  corresponding  in  number  with  the 
segments  of  the  body,  nearly  equal  to  each  other  in  size,  and  placed  at 
uniform  distances  one  from  another ;  and  in  Talitrus  we  find  the  distinct- 
ness of  the  two  lateral  halves  unusually  obvious,  the  two  strands  of  the 
ventral  cord  being  separate  along  their  whole  length,  each  having  its  own 
series  of  ganglia,  and  the  ganglia  which  are  thus  arranged  in  pau-s  m  the 
successive  segments  being  connected  transversely  by  commissural  bands. 
In  the  genus  Astacus  (lobster  and  cray-fish),  on  the  otlier  hand,  we  find 
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(as  in  Insects)  the  thoracic  ganglia  developed  to  a  greater  size  than  those 
of  the  abdomen,  that  the  locomotive  members  may  receive  their  due 
supply  of  nervous  influence;  but  as  the  tail  is  a  powerful  swimming  organ 
in  these  animals,  the  difference  is  not  so  gi-eat  as  it  would  have  been  if 
the  thoracic  members  had  been  the  sole  instruments  of  locomotion ;  and 
we  find  the  last  ganglion,  situated  above  the  anus,  and  radiating  nei-ves 
to  the  swimming  plates  of  the  tail,  particularly  large,  being  apparently 
made-up  by  tlie  coalescence  of  the  sixth  and  seventh  abdominal  ganglia. 
In  Palemon  (pi-awn)  and  Palinurus  (rock-lobster)  we  find  a  coalescence 
of  the  thoracic  ganglia  into  a  long  elliptical  jjerforated  nervous  mass ;  but 
this  coalescence  reaches  its  greatest  degree  in  the  Crab,  in  which  all  the 
ganglia  of  the  ventral  cord  are  blended  into  one  large  oval  ganglion,  with 
a  jjerforation  in  its  centre,  which  is  situated  near  the  middle  of  the  under 
siu-face  of  the  body,  and  from  which  nerves  radiate  to  all  parts  of  the 
trank,  to  the  legs,  and  to  the  short  tail.    The  relative  development  of  the 
cephalic  ganglia  varies  with  that  of  the  organs  of  sense  and  motion  which 
are  situated  in  the  head.    They  usually  appear  to  be  made-up  of  those  of 
the  four  anterior  segments  of  the  head,  from  which  proceed  nerves  that 
connect  them  with  the  eyes,  the  two  pairs  of  antennae  (the  second  con- 
taining the  organ  of  hearing),  and  the  mandibles ;  whilst  those  of  the  two 
posterior  segments  ordinarily  coalesce  with  the  first  ganglion  of  the  ventral 
cord,  to  form  the  great  sub-cesophageal  ganglion,  whence  proceed  the 
nerves  to  the  feet-jaws.    There  is  not,  as  in  Insects,  a  distinct  system  of 
respiratory  nerves,  these  being  blended  with  those  of  the  general  sensori- 
motor apparatus  ;  butthe  'stomato-gastric' system  is  here  well  developed,  and 
its  relations  to  the  visceral  system  of  Vertebi-ata  become  apparent. — The 
arrangement  of  the  nervous  system  in  the  Cirrhipeda  is  essentially  the 
same ;  its  chief  peculiarity  consisting  in  the  relatively  small-size  of  the 
cephalic  ganglia,  in  conformity  with  that  low  development  of  the  organs 
of  special  sense,  which  is  characteristic  of  the  adult  state  of  these 
animals. 

659.  The  Nervous  System  of  the  higher  Arachnida  exhibits  a  yet 
greater  degree  of 

concentration  than  x'lw. 
that  of  Cxnistacea; 
the  cephalic  gan- 
glia being  in  still 
closer  relation  to 
the  sub-cesophageal 
mass.  The  former 
are  fused-together 
into  a  single  bi- 
lobed  ganglion 
(Fig.  279,  i),  l.ying 
above  the  assopha- 
gus  (/i),  a  little  be- 
hind the  mouth; 
this  is  connected 
anteriorly  with  the 
eyes  (c)  by  as  many 


e„faSr-!::r^^^^^^  loft  side  and  considerably 

e,  section  of  lip;/,  came^stom,, /'    '  ^^T'J'  °f  Pl«stron  ; 

i,  oommencemUt'of  Xmach    /  ■^cen^'X""  *°  'v'  =•  -^^optagus 

nerves,  k,  and  sending  off  fh«  Af;^'^tP,^'°  gmg  ion,  receiving  tfie  optic 
glion;  „;its  terminaTcord  °erve,  l-  m,  great  thoracic  gan- 


nerves  {k)  as  there  are  ocelli;  and  it  sends-off  two 


great  nerves  {I)  to  the 

X  X 
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mandibles;  whilst  benecatli,  it  gives  off  two  peduncles,  wliicli  closely 
embrace  the  cesophagus  (A)  and  connect  it  with  the  great  stellate  mass  (m), 

which  is  formed  by 


Fio.  280. 


the  fusion  of  all  the 
thoracic  ganglia. 
From  this  mass, 
five  pairs  of  nerves 
are  given  off  on 
each  side ;  the  first 
to  the  maxillae 
and  their  great 
palpi,  and  the  re- 
mainder to  the 
four  pairs  of  legs ; 
whUst  posteriorly, 
a  double  cord 
is  sent  backwards 
towai'ds  the  abdo- 
men, where  it  soon 
subdivides  (like  a 
'cauda  equina')  into 
a  bundle  of  nerves, 
which  radiate  to 
the  several  parts 
of  the  abdominal 
mass.  In  Mygale, 
an  additional  small 
ganglion  is  found 
upon  the  cord,  an- 
teriorly to  its  sub- 
division; but  this 
seems  to  be  want- 
ing in  other  Spi- 
ders. —  In  Scor- 
pions, however,  the 
nervous  system  is 
less  concentrated, 
as  might  be  anti- 
cipated from  the 
prolongation  and 
the  more  complete 
segmentation  of 


Nervous  system  Androctonus  (Scorpion) : — a,  antennal  nerves ;  b,  cepha- 
lic ganglia;  e,  principal  optic  nerves;  d,  lateral  ocelli  and  nerves;  e,  sub- 
CESophageal  ganglion ;  /,  coxa ;  g,  femur ;  h,  tibia ;  i,  basal  joint  of  tarsus ; 
2,  3,  second  and  third  joints ;  k,  terminal  nerves  to  double  claw;  I,  m,  n,  o, 
nerves  to  abdominal  branchisB ;  p,  q,  r,  s,  nerves  to  the  segments ;  t,  u, 
nerves  of  the  caudal  ganglia;  o,  terminal  nerves;  io,  fllth  joint  of  tail; 
X,  anal  collar ;  y,  z,  termination  of  the  cord  in  the  extremity  of  the  sting; 
1  to  9,  nerve-trunks  from  the  great  subcesophageal  ganghon;  10  to  16,  gan- 
glia of  the  ventral  cord. 

their  bodies;  and 

it  bears  somewhat  the  same  relation  to  that  of  Spiders,  that  the  nervous 
system  of  the  Macrourous  Decapods  bears  to  that  of  the  Brachyourous 
(§  658).  The  ganglia  of  the  thoracic  and  of  part  of  the  abdominal  region 
coalesce  into  one  stellate  mass  (Fig.  280,  e),  as  in  Spiders;  and  this 
supplies  the  thorax  and  its  members,  and  the  anterior  portion  of  the 
abdomen,  including  the  pulmonary  bi-anchise;  the  ventral  cord  of  the 
posterior  part  of  the  abdomen,  however,  has  ganglia  of  its  own  (Fig.  280, 
10-16),  which  are  very  small  in  its  caudal  prolongation.  The  general  dis- 
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tribution  of  the  nerves  i^roceeding  from  these  ganglia  will  be  seen  in  the 
accompanying  figm-e.* 

6 GO.  Proceeding  now  to  the  Vertehrated  series,  we  find,  as  heretofore 
pointed  out,  that  theii-  Nervous  Sy.stem  constitutes  a  far  more  important 
portion  of  the  entire  organism,  than  it  does  in  any  Invertebrated  animal ; 
and  that,  in  its  most  characteristic  forms,  it  combines  the  locomotive  centres 
of  the  Articulata  with  the  sensorial  centres  of  the  Mollusca  ;  possessing 
in  addition  two  organs,  the  Cerebrum  and  Cerebellum,  to  which  nothing 
distinctly  analogous  can  be  detected  in  any  of  the  inferior  classes. — That 
which  may  be  regarded  as  the  fundamental  portion  of  the  nervous  system 
in  Vertebrata,  is  the  Cranio-Spinal  Axis;  which  consists  of  the  Medulla 
Spinalis  or  Spinal  Cord,  of  its  anterior  prolongation  termed  the  Medulla 
Oblongata,  and  of  the  chain  of  Sensory  Ganglia  which 
forms  the  superior  continuation  of  the  latter.    The  whole 
of  this  axis  lies  above  the  alimentary  canal ;  and  there  is 
consequently  no  oesophageal  ring,  like  that  of  Articulated 
and  Molluscous  animals ;  but  the  two  lateral  strands  of 
the  cranio-spinal  axis  still  diverge  from  each  other  as  they 
enter  the  cranium,  so  as  to  leave  the  space  which  is  termed 
the  fourth  ventricle  (Fig.  281).    This  cavity  communicates 
anteriorly  with  the  tliird  ventricle,  which  separates  the 
lateral  halves  of  the  anterior  portion  of  the  sensorial 
apparatus;  and  posteriorly  with  the  spinal  canal,  which 
intervenes  between  the  two  lateral  halves  of  the  spinal 
cord.    This  last,  however,  like  the  space  between  the 
lateral  halves  of  the  ventral  cord  in  the  higher  Articulata, 
is  nearly  obliterated  in  Man  and  the  Mammalia,  although 
sufficiently  distinguishable  in  Pishes. — The  Spinal  Cord 
consists  of  a  continuous  tract  of  grey  matter,  enclosed 
within  strands  of  longitudinal  fibres ;  and  it  may  thus  be 
regarded  as  analogous  to  the  ganglionic  chain  of  the  Arti- 
culata.   Below  the  medulla  oblongata,  its  endowments 
appear  nearly  similar  throughout;  for  all  the  nerves 
which  proceed  from  it  are  distributed  to  the  sensory  sur- 
faces and  to  the  locomotive  organs.    In  some  Verte- 
brata, whose  form  resembles  that  of  the  Articulata  (such 
as  the  Eel  and  Serpent),  there  is  no  difference  in  the  foVrtUentricie.*''' 
size  or  distribution  of  the  several  pairs  of  nerves,  as 
no  extremities  are  developed;  but  in  other  cases,  the  size  of  the 
trunks  proceeding  to  the  anterior  and  posterior  extremities  is  much 
greater  than  that  of  the  nerves  given-off  from  the  other  segments  of  the 
cord;  and  the  quantity  of  grey  matter  at  their  roots  is  correspondingly 
increased.    In  these  trunks,  both  afferent  and  efferent  fibres  are  bound 

*  In  addition  to  Mr.  Newport's  Memoirs  already  referred  to,  tlie  following  original  con- 
tributions may  be  named  as  furnishing  much  valuable  information  on  the  Nervous  System 
ofthe  Articulata:— De  Quatrefages,  'Sur  le  Syst.  Nerv.  des  Annelides,'  in  "Ann.  des 
Sci.  Nat.,  3«  Ser  ZooL,  Tom.  II.,  XIII.,  XIV.,  XVIII.;  Blanchard,  'Sur  le  Syst. 
Nerv.  des  Insectes  '  Op.  cit.,  Tom.  V.;  Muller  'Dem  Nervus  Sympathicus  analoges 
Nervensystem  derEingeweide  beiden  Insecten,' in  "  Nova  Acta  Nat.  Curios."  Tom  XIV  • 
.<T  n  .-beobachtungen  iiber  die  Systeme  der  Engeweidenerven  der  Evertebraten,'  in 
'  Muller  s  Archiv.,"  18.36,  and  "  Ann.  des  Sci.  Nat.,"  S6r.,  Zool.,  Tom.  V  -  and 
BurmCLster,  "Manual  of  Entomology,"  translated  by  Shuckard,  §  190. 

X  X  2 


Nervous  Centres 
in  Frog: — A,  olfac- 
tive  ganglia;  u,  cere- 
bral hemispheres  ; 
c,  optic  ganglia;  d, 
cerebellum,  so  small 
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up;  but  they  separate  at  tlieir  roots,  or  junction  with  the  spinal  cord  — 
the  alierent  being  connected  with  the  side  of  the  cord  nearest  the  surface 
01  the  back,—and  the  motor  with  that  next  the  viscera.  Both  these 
roots  have  two  sets  of  connections;  some  of  each  enter  the  gi-ey  substance 
ot  the  cord,  m  which  they  seem  lost;  whilst  others  are  continuous  with 
the  fibrous  portion  of  the  cord,  and  are  thus  put  in  connection  either  with 
other  segments  or  with  the  encephalic  centres.  In  this  respect,  then,  there 
IS  a  precise  correspondence  between  the  spinal  column  of  Vertebrata  and 
the  ventral  cord  of  Insects ;  and  in  the  former,  as  in  the  latter,  does  ex- 
periment indicate,  that  each  segment  of  the  cord  has  a  certain  degree 
of  independence;  reflex  actions  being  excitable  through  it,  so  long  as  the 
circle  of  afferent  and  motor  nerves,  and  their  ganglionic  centre  are  in 
an  active  and  uninjured  state,  even  though  it  be  completely  separated 
from  all  the  rest.— At  the  upper  portion  of  the  spinal  cord,  however, 
there  is  a  series  of  ganglionic  enlargements,  having  several  distinct 
functions.  From  the  Medulla  Oblongata  proceed  the  chief  nerves 
which  are  subservient  to  the  respiratory  actions,  and  also  those  con- 
cerned in  mastication  and  deglutition ;  so  that  this  may  be  regarded  as 
combining  the  respiratory  and  the  stomato-gastric  ganglia. — Above  or 
in  front  of  this  again,  we  find  Auditoiy,  Optic,  and  Olfactive  ganglia, 
corresponding  to  the  various  subdivisions  of  the  cephalic  ganglia  in  the 
Invertebrata ;  these  receive  tninks  from  their  respective  organs  of  sensa- 
tion, and  may  probably  be  regarded  as  sensorial  centres,  or  seats  of 
consciousness  for  the  impressions  which  they  severally  transmit.  The 
' cranio-spinal  axis'  constitutes  the  whole  nervous  system  of  Amphioxus, 
in  which  there  seems  nothing  that  in  the  least  represents  a  Cerebrum  or 
Cerebellum ;  and  among  the  Cyclostome  Fishes  generally,  the  condition  of 
this  apparatus  is  but  little  higher,  save  as  regards  the  larger  development 
of  the  sensory  ganglia. 

661.  But  in  all  higher  Yertebrata,  we  find  superimposed  (as  it  were) 
upon  the  Sensory  ganglia,  the  bodies  which  are  known  as  the  Cerebral 
Hemispheres  or  Ganglia;  whilst  superimposed  upon  the  Medulla  Oblongata, 
we  find  the  Cerebellum.  The  former  constitute  the  mass  of  the  Brain  in 
the  Mammalia;  covering-in  and  obscuring  the  sensory  ganglia  so  com- 
pletely, that  the  fundamental  importance  of  these  is  by  no  means  gene- 
rally recognised.  In  Fishes,  however,  the  proportion  between  the  two 
sets  of  centres  is  entirely  reversed,  the  rudiments  of  the  cerebral  hemi- 
spheres being  iisually  inferior  in  size  to  the  optic  ganglia  alone.  The 
intermediate  classes  present  us  with  a  succession  of  gi'adations  from  the 
one  type  to  the  other,  as  regards  not  merely  the  size  of  the  Cerebrum,  but 
also  its  complexity  of  structure;  and  a  very  close  relation  may  be  seen 
between  the  degree  of  development  which  it  exhibits,  and  the  degree  of 
Intelligence  of  the  species.  It  is  a  point  which  is  especially  worthy  of 
note,  that  no  sensory  nerves  terminate  directly  in  the  Cerebrum,  nor  do 
any  motor  nerves  issue  directly  from  it ;  and  there  seems  a  strong  proba- 
bility, that  there  is  not  (as  was  formerlj^  supposed)  a  direct  continuity 
between  any  of  the  nerve-fibres  distributed  to  the  body,  and  the  medullary 
substance  of  the  Cerebrum.  For  whilst  the  nerves  of  '  special'  sense  have 
their  own  ganglionic  centres,  it  cannot  be  shown  that  the  nervous  fibres 
of  '  general '  sense,  which  either  enter  the  cranium  as  part  of  the  cephalic 
nerves,  or  which  pass-up  from  the  cranio-spinal  axis,  have  any  higher 
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destination  than  the  ganglionic  masses  termed  Thalami  Optici,  which 
undoubtedly  form  pai-t  of  the  group  of  sensorial  centres.  So,  the  motor 
fibres  which  pass-forth  from  the  cranium,  either  into  the  cephalic  nerve- 
trunks,  or  into  the  motor  columns  of  the  spinal  cord,  cannot  be  certainly 
said  to  have  an  origin  higher  than  the  Corpora  Striata;  which,  like  the 
Thalami,  are  most  assuredly  to  be  regarded  as  ganglionic  centres,  possess- 
ing considerable  independence  of  the  Cerebrum,  though  formerly  regarded 
as°mere  appendages  to  it.  And  we  shall  find  strong  physiological  ground 
for  the  beUef,  that  the  Cerebrum  has  no  communication  with  the  external 
world,  othenvise  than  by  the  sensori-motor  apparatus  which  ministers 
to  the  automatic  actions;  receiving  through  the  sensory  ganglia  that 
consciousness  of  external  objects  and  events,  which  is  the  spring  of  its 
intellectual  or  emotional  operations;  and  communicating  its  voluntary 
determinations  to  the  motor  part  of  the  same  system,  to  be  worked-out 
(so  to  speak)  by  it,  through  the  instrumentality  of  the  muscles  upon  which 
it  plays. — The  Cerebellum,  in  like  manner,  presents  a  great  difference  in 
relative  development  in  the  several  classes  of  Yertebrata;  being  in  the 
lowest  a  mere  thin  lamina  of  nervous  matter  on  the  median  line,  only 
partially  covering-in  the  '  fourth  ventricle';  whilst  in  the  highest  it  is  a 
mass  of  considerable  size,  having  two  lateral  lobes  or  hemispheres,  in 
addition  to  its  central  portion.  It  is  connected  with  both  the  anterior 
and  the  posterior  coliunns  of  the  spinal  cord ;  and  experiment  leads  to  the 
belief,  that  its  chief  office  is  to  combine  the  individual  actions  of  different 
members,  into  the  complex  and  nicely-balanced  movements  required  for 
progression  of  various  kinds,  and,  in  Man,  for  the  execution  of  the  various 
operations  which  his  intelligence  prompts  him  to  undertake. — We  shall 
now  briefly  glance  at  the  relative  development  and  position  of  these  parts, 
in  the  different  classes  of  Yertebrata. 

662.  Commencing  with  Fishes,  we  find  a  series  of  four  distinct 
ganglionic  masses,  arranged  in  a  line  which  is  nearly  continuous,  from 
behind  forwards,  with  that  of  the  Spinal  Cord ;  of  these,  the  posterior  is 
usually  single  and  on  the  median  plane,  whilst  the  others  are  in  pairs. — 
1.  The  posterior  (Fig.  282,  d),  from  its  position  and  connections,  is 
evidently  to  be  regarded  in  the  light  of  a  Cerebellum  ;  and  it  bears  a  much 
larger  proportion  to  the  rest,  in  this  class,  than  in  any  other. — 2.  The 
pair  in  front  of  this  (c)  are  not  the  hemispheres  of  the  Cerebrum,  as  their 
large  size  in  some  instances  (the  Cod,  for  instance)  might  lead  ns  to  sup- 
pose; but  they  are  immediately  connected  with  the  Optic  nerves,  which, 
in  fact,  terminate  in  them ;  and  they  are  therefore  to  be  considered  (like  the 
chief  part  of  the  cephalic  masses  of  Invertebrated  animals)  as  Optic  lobes 
or  ganglia.  They  seem,  however,  in  some  degree  to  represent  also  the 
Thalami  Optici  of  higher  animals,  as  will  be  seen  in  the  next  jiaragraph. 
— 3.  In  front  of  these  (b)  are  the  bodies  usually  considered  as  represent- 
ing the  Cerebral  Hemispheres ;  which  are  small,  generally  destitute  of 
convolutions,  and  possessing  no  ventricle  in  their  interior, — except  in 
the  Sharks  and  Rays,  in  which  they  are  much  more  highly  developed 
than  in  the  Osseous  fishes.  In  the  latter,  in  fact,  these  bodies  seem  to  be 
the  homologues  of  the  portion  of  the  mass  lying  beneath  the  ventricle  in 
the  higher  Cartilaginous  fishes,  which  is  obviously  the  representative  of 
the  Corpus  Striatum;  so  that,  among  ordinary  Fishes,  there  is  little  or 
no  trace  of  the  true  Gerebrmn  or  Hemispheric  ganglion,  which  makes  its 
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first  appearance  in  tlie  tribe  most  distinguished  by  the  elevation  of  its 
general  structure._4.    Anterior  to  these  is  another  pair  of  ganglionic 


Fig.  282. 


Pike. 


Cod. 


Fox-shurk. 


Brfiias  ot Fishes : — a,  olfactive  lobes  or  ganglia;  b,  cerebral  hemispheres;  c,  optic  lobes; 
D,  cerebellum ; — ol,  olfactory  nerve ;  op,  optic  nerve  :  pa,  patheticus ;  mo,  motor  oculi ;  ab,  ah- 
ducena ;  tri,  trifacial ;  Ja,  facial ;  au,  auditory ;  vag,  vagus ;  U,  tubercles  or  ganglia  of  the 
tril'acial;  tv,  tubercles  of  the  vagus. 


enlargements  (a),  from  which  the  Olfactory  nerves  arise;  and  these  are, 
therefore,  correctly  designated  as  the  Olfactive  ganglia.  In  some  instances, 
these  ganglia  are  not  immediately  seated  upon  the  prolonged  spinal  cord, 
but  are  connected  with  it  by  long  peduncles  j  this  is  the  case  in  the 
Sharks ;  and  we  are  thus  led  to  perceive  the  real  nature  of  the  portion  of 
the  trunk  of  the  Olfactory  nerve  in  Man,  which  lies  within  the  cranium, 
and  of  its  bulbous  expansion  on  the  ethmoid  bone. — Besides  these  prin- 
cipal ganglionic  enlargements,  there  are  often  smaller  ones,  with  which 
other  nerves  are  connected.  Thus,  in  the  Shark,  we  find  a  pair  of 
tubercles  of  considerable  size,  at  the  origin  of  the  Trifacial  nerves;  and 
another  pair,  in  most  Fishes,  at  the  roots  of  the  Vagi.  In  some  instances, 
too,  distinct  Auditory  ganglia  present  themselves;  as  in  the  Carp. — The 
Spinal  Cord  differs  much  in  its  proportions  in  different  tribes  of  this  class. 
In  the  Eel  and  other  Yermiform  fishes,  it  is  of  nearly  vmiform  size 
throughout ;  and,  in  the  lowest  of  these,  the  cephalic  ganglia  ai-e  scarcely 
more  prominent  than  are  those  of  the  leech  or  caterpillar.  In  proportion 
as  distinct  locomotive  members  are  developed,  do  we  find  enlargements  of 
the  spinal  cord  corresponding  with  the  origins  of  their  nerves,  just  as  in  the 
ganglionic  column  of  Insects ;  and  where  the  anterior  membei-s  are  very 
powerful,  as  in  the  Trigla  (gurnard),  these  enlai-gements  have  an  evidently 
ganglionic  character.  In  such  species  as  the  Lofhius  (frog-fish),  in  which 
the  nutritive  system  is  enormously  developed  at  the  expense  of  activity 
of  locomotion,  and  the  animal  is  thus  constructed  more  upon  the  Mol- 
luscous type,  the  nervous  centres  are  confined  to  the  neighbourhood  of 
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the  head  •  for  the  true  spinal  cord  soon  separates  into  a  bundle  of  nei-ves, 
or 'Cauda  equina;  which  act  oiily  as  conductors. 

663  Althou'^h  the  Optic  Lobes  of  Fishes  are  chiefly  to  be  compared 
with  the  Tubercula  Quadrigemina,  which  are  the  real  ganglia  of  the  Optic 
nerves  in  higher  Vertebrata,  their  analogy  is  not  so  complete  to  these 
bocUes  in  the  fiUly-formed  Brain  of  Man,  as  it  is  to  certam  parts  which 
occupy  their  place  at  an  earlier  period.  The  '  thii-d  ventricle,  which  is 
quite  distinct  from  the  Corpora  Quadrigemina,  is  hoUowed-out,  as  it  were, 
from  the  floor  of  the  Optic  Lobes  of  Fishes,  and  the  '  anterior  commissm-e 
bounds  its  front;  hence  these  must  be  considered  as  analogous  to  the 
Thalami  Optici  and  parts  surrounding  the  third  ventricle,  as  well  as  to 
the  Corpora  Quadrigemina.  This  is  made  evident  by  the  fact  observed 
by  Miiller,  that,  in  the  Lamprey,  the  Optic  Lobes  of  other  Fishes  are 
represented  by  two  pairs  of  ganglionic  centres;  the  one,  which  encloses 
the  third  ventricle,  being  the  homologue  of  the  Thalami  Optici  of  higher 
animals;  and  the  other,  in  which  the  optic  nerves  chiefly  terminate, being 
the  representative  of  their  Corpora  Quadrigemina.  With  this  condition, 
the  early  state  of  the  Brain  in  the  embryo  of  the  Bird  and  Mammiferous 
animal,  and  even  in  Man  himself,  bears  a  very  close  correspondence. 
The  Encephalon  consists  at  this  time  of  a  series  of  vesicles,  arranged  m  a 
line  with  each  other  (Fig.  269);  of  which  those  that  represent  the  Cere- 
brum are  the  smallest,  whilst  that  which  represents  the  Cerebellum  is  the 
largest.  The  latter  (or  Epence])halon),  as  in  Fishes,  is  single,  covering 
the  fourth  ventricle  on  the  dorsal  surface  of  the  Medulla  Oblongata. 
Anterior  to  this,  is  the  single  vesicle  of  the  Corpora  Quadrigemina  (or 
Mesencephalon),  from  which  the  Optic  Nerve  chiefly  arises;  this  has  in 
its  interior  a  cavity,  the  ventricle  of  Sylvius,  which  exists  even  in  the 
adult  Bii'd,  where  the  Corpora  Quadrigemina  are  pushed  from  each  other, 
as  it  were,  by  the  increased  development  of  the  Cerebral  hemispheres. 
In  fr'ont  of  this  is  the  vesicle  of  the  Third  Ventricle  (or  Deutencephalon), 
which  contains  also  the  Thalami ;  as  development  proceeds,  this,  like  the 
preceding,  is  covered  by  the  enlarged  hemispheres;  whilst  its  roof  becomes 
cleft  anteriorly  on  the  median  line,  so  as  to  form  the  anterior  entrance  to 
the  cavity.  Still  more  anteriorly  is  the  double  vesicle  (or  Prosencephalon), 
which  represents  the  hemispheres  of  the  Cerebrum ;  this  has  a  cavity  on 
each  side,  the  floor  of  which  is  formed  by  the  Corpora  Striata.  The  cavity 
of  the  cerebral  vesicles  has  at  first  no  opening,  except  into  that  of  the 
third  ventricle ;  at  a  later  period  is  formed  that  fissure  on  the  interior  and 
posterior  side,  which  (under  the  name  of  the  fissure  of  Sylvius)  enables  the 
membranes  enveloping  the  bi'ain  to  be  reflected  into  the  lateral  ventricles. 
— Thus  it  wUl  be  seen  that  the  real  analogy  between  the  brain  of  the 
Human  foetus,  and  that  of  the  adult  Fish,  is  not  so  close  as,  from  the 
resemblance  in  their  external  form,  might  have  been  supposed.  In  the 
small  proportion  which  the  Cerebral  Hemispheres  bear  to  the  other  parts, 
there  is,  indeed,  a  very  close  correspondence ;  and  this  extends  also  to 
the  general  simplicity  of  their  structure,  the  absence  of  convolutions,  and 
the  deficiency  of  commissures.  But  there  is  a  much  nearer  analogy 
between  the /ceia^  brain  of  the  Fish,  and  the  foetal  brain  of  the  Mammal; 
indeed,  at  the  earliest  period  of  their  formation,  they  could  scarcely  be 
distinguished :  during  their  advance  to  the  permanent  condition,  however, 
each  undergoes  changes,  which  are  so  much  more  decided  in  the  higher. 
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SirclL?r  i^T'  ^^'-^^      '^'^  '^^^^  comparatively 

ttle  departure  from  the  fa3tal  type,  whilst  in  the  former  the  cteJr  of 
the  organ  appears  entirely  changed.  cnaiactei  ot 

664  We  have,  then,  in  Fishes,  and  in  the  early  Human  embrvo  thi« 
remarkable  condition  of  the  Encephalic  mass,-that  it  13^^121^^ 
up  of  a  series  of  distinct  ganglionic  centres,  of  which  the  poSs^r^Je 
senting  the  Cerebral  Hemispheres  are  usually  the  smallest,  bdn^obv  oSlv 
an  addition  to  the  remainder,  whose  existence  is  independent  of  them 
JanSi-v  §d"w^hT  p'""  b-kwards,  we  meet  first  4h  the  Olfactive 
?f  a^ci^^^^^^  ^^''^"k  "^'^"^"^^  ^^^^  ^-^diment 

th  ^ll  l^  ^      '  ^P*^^^'  inclosing  the  third  ventricle- 

>lTi    n  ^^^^y^'^''^  Quadrigemina,  or  proper  Optic  Ganglia:  and  5th 

rndVus'tfr'^'"""-  ^^^^  for^the  Alitoiy 

and  (^ustative  nerves,  or  proper  Auditory  and  Gustative  ganglia,  lod-ed 

distinct  connections  with  the  Medulla  Oblongata ;  except  the  Hemispheres 
™^  1    i^""*  appear  to  communicate  with  it,  except  through  the  mediuni 
ot  the  bodies  on  which  they  are  superimposed.  We  shall  probably  form  the 
most  correct  view  of  their  relations,  if,  excluding  the  Cerebrum  and  Cere- 
bellum, we^  regard  them  as  collectively  homologous  with  the  Cephalic 
ganglia  of  Invertebrated  animals,  which,  as  we  have  seen,  are  the  imme- 
diate centres  of  the  nerves  of  sensation,  and  are  connected  with  the  gan^Ha 
m  the  trunk  by  fibrous  cords  which  represent  the  Medulla  Oblongata, 
ihe  size  of  the  Cephalic  ganglia,  in  the  higher  Invertebrata,  is  chiefly 
dependent  upon  the  development  of  the  visual  organs,  which  are  the 
principal  guides  m  the  movements  of  these  animals;  but,  as  Mr.  Newport's 
researches  on  their  embryonic  development  have  shown,  they  are  really 
composed  of  several  pairs  of  distinct  ganglionic  centres  (§  654):  and  it  is 
interesting,  also,  to  remark,  that  the  situation  of  the  rudimentary  organ  of 
hearing  m  the  Nudibranchiate  Mollusca  is  precisely  analogous  to  that  of 
the  Auditory  ganglion  in  the  Yertebrata,  the  auditory  sacculi  being  lodged 
m  the  posterior  lobes  of  their  cephalic  ganglia.    The  Optic  and  Olfactive 
ganglia  of  V  ei-tebrated  animals  receive  nerves  of  sensation  from  the  organs 
situated  m  their  neighbourhood,  and  seem  to  give-off  motor  nerves  in  the 
fibrous  peduncles  which  connect  them  with  the  motor  tract  of  the  Medulla 
Oblongata.    The  Thalami  Optici  and  Corpora  Striata,  on  the  other  hand, 
appear  to  be  the  ganglionic  centres  of  fibres  entirely  transmitted  through 
the  Spinal  Cord,  as  they  do  not  directly  receive  or  give-off  any  nerve- 
trunks,  save  that  the  former  receive  some  of  the  roots  of  the  Optic 
nerve  J  and  the  special  connection  of  the  former  with  the  Sensory  tract, 
and  of  the  latter  with  the  Motor,  with  other  reasons  hereafter  to  be  given, 
lead  to  the  belief  that  these  are  the  ganglionic  centl-es  of '  common '  or 
tactile  sensations,  and  of  the  movements  immediately  excited  by  them ; 
whilst  the  passage  of  some  of  the  filaments  of  the  Optic  Nerve  into  the 
Thalami,  may  not  improbably  be  interpreted  as  ministering  to  that 
peculiarly-intimate  connection,  which  exists  between  the  senses  of  Sight 
and  Touch. — Thus,  we  may  consider  this  series  of  ganglionic  centres  as 
forming,  with  the  Spinal  Cord  (of  which  they  constitute  the  encephalic 
representation),  an  automatic  apparatus,  exactly  comparable  with  that  of 
the  Insect ;  and  on  this  the  Cerebrum  is  superimposed,  in  such  a  manner 
as  to  be  obviously  an  independent  organ,  receiving  its  stimulus  to  action 
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Fig.  283. 


from  the  seusorial  centi-es,  and  transmitting  its  motor  impulses  through 
the  same  channel. 

665.  The  Brain  of  lieptiles  does  not  show  any  considerable  advance  in 
its  general  structure  above  that  of  Fishes;  but  the  Cere- 
bral Hemispheres,  are  usually  much  larger  in  proportion 
to  the  optic  lobes;  whilst  the  Cerebellum  is  smaller 
(Fig.  283).  The  very  low  development  of  the  Cerebellum 
is  especially  seen  in  the  Frog  (Fig.  281),  in  which  it  is 
so  small  as  not  even  to  cover-in  the  'fourth  ventricle;' 
but  it  is  common  to  nearly  the  whole  group.  The 
deficiency  in  commissures  still  exists  to  a  great  extent. 
The  '  anterior  commissiu-e '  in  front  of  the  '  third  ven- 
tricle,' is  the  only  uniting  baud  which  can  be  distinctly 
traced  in  Fishes;  and  Reptiles  have,  in  addition  to  this, 
a  layer  of  uniting  fibres  which  may  be  compared  to 
the  'fornix;'  but  as  yet,  there  is  no  vestige  of  a  true 
'  corpus  callosum,'  or  great  transverse  commissure  of 
the  Hemisphei-es.    The  distinction  between  the  tuber- 
cula  quadrigemina,  and  the  parts  inclosing  the  tliird 
ventricle,  is  moi-e  obviovis  than  in  Fishes ;  in  fact,  the 
optic  ganglia  of  Reptiles  correspond  pretty  closely  with 
the  vesicle  of  the  tubercula  quadrigemina,  or  mesen- 
cephalon, in  the  brain  of  the  foetal  Mammal. — The  Ner- 
vous Centres  of  Batrachia,  like  all  their  other  organs, 
present,  in  the  Tadpole  state,  the  characters  of  those  of 
Fishes ;  and  these  are  partly  retained  by  the  '  perenni- 
branchiate '  species  during  the  whole  of  their  existence. 
In  the  Frog  and  its  aUies,  however,  the  Encephalon  XS'"''^"'' ' 
acquires  the  Reptilian  type ;  and  a  marked  change  takes 
place  in  the  condition  of  the  Spinal  Cord.  For  in  the  Tadpole  condition, 
this  organ  is  elongated,  and  of  nearly  uniform  size  throughout ;  but  in 
proportion  as  the  tail  is  atrophied  and  the  extremities  are  developed,  do 
we  find  the  sj)inal  cord  relatively  shortened,  and  presenting  enlargements 
at  the  parts  in  which  the  nerves  of  the  limbs  originate,  especially  those 
of  the  posterior  extremities.  Similar  enlargements  are  seen  in  Turtles,  in 
connection  with  the  nerves  of  both  the  anterior  and  posterior  extremities, 
which  take  a  nearly  equal  share  in  the  general  movements  of  the  body! 
On  the  other  hand,  in  Serpents,  as  in  Eels  and  other  snake-like  Fishes,  the 
Spmal  Cord  is  of  nearly  uniform  size  throughout ;  and  as  it  gives-off,  in 
some  instances,  more  than  300  pairs  of  nerves,  it  is  obvious  that  only  a 
veiy  small  proportion  of  their  fibres  can  have  any  direct  connection  with 
the  Encephalon,  through  the  longitudinal  strands  of  the  Medulla  Ob- 
longata. 

666.  _  In  the  Brain  of  Birds  (Fig.  284),  our  attention  is  at  once  attracted 
by  the  mcreased  development  of  the  Cerebral  Hemispheres,  which  extend 
iorwards  so  as  to  conceal  the  Olfactive  ganglia,  and  arch  backwards  so  as 
partly  to  cover  the  Optic  ganglia  (here  called  the  Corpora  Bigeminal 
which  are  separated  from  each  other  and  thrown  to  either  side,  beina 
now  quite  distinct  from  the  Thalami  Optici.  The  Cerebellum  also  is 
much  increa.sed  m  size,  proportionably  to  the  Medulla  Oblongata  and  its 
ganglia;  and  it  is  sometimes  marked  with  transverse  lines,  which  indicate 


Brain  of  Turtle  :  — 
A,  olfactive  ganglia;  u, 
cerebral  hemispheres ; 


682 


STRUCTURE  AND  ACTIONS  OF  THE  NERVOUS  SYSTEM. 


Fig.  284. 


the  intermixture  of  grey  and  white  matter  in  its  substance;  there  is  as 

yet,  however,  no  appearance  of  a  division  into 
hemispheres.  On  drawing-apart  the  hemi- 
spheres of  the  Cerebrum,  the  Corpora  Striata, 
Optic  Thalami,  and  CorjDora  Bigemina  or  Optic 
Ganglia,  are  seen  beneath  them;  and  theii- 
collective  size  still  bears  a  considerable  pro- 
portion to  that  of  the  whole  Encephalon.  The 
Optic  Ganglia  are  still  hollow,  as  they  are  in 
the  embryo  condition  of  Man.  Indeed  the 
Brain  of  the  Human  foetus,  about  the  twelfth 
week  (Fig.  285,b),  will  bear  comparison, in  many 
respects,  with  that  of  the  Bird.  The  Cerebral 
hemispheres,  nrach  increased  in  size,  and  arch- 
Brain  of  Buzzard:  the  olfactive  i^g-back  over  the  Thalami  and  Optic  ganglia, 

gangUa  are  concealed  beneath  b,  the  but  destitute  of  Convolutions,  and  impei-fectly 
hemispheres ;  c,  optic  ganglia  :d,  xii  •  ,in  •, 

cerebeUum;  (/,  pineal  gland.  Connected,  by  commissurcs, — ^the  large  cavity 

still  existing  in  the  Optic  ganglia,  and  freely 
communicating  with  the  third  ventricle, — and  the  imperfect  evolution 
of  the  Cerebellum, — make  the  correspondence  in  the  general  condition 
of  the  two  very  considerable. 


Fig.  285. 


Early  Stages  of  Development  of  Human  Brain;  A,  at  7th  week;  B,  at  12th  week;  c,  at  loth 
week: — a,  cerebral  hemispheres ;  6,  corpora  striata;  c,  corpora  quadrigemina;  (i,  cerebellum. 

667.  The  Brain  of  the  lower  Mammalia  presents  but  a  slight  advance 
\ipon  that  of  Birds,  in  regard  both  to  the  relative  proportions  of  its  parts, 
and  to  their  degree  of  development.  Thus,  in  the  Marsupialia,  the  Hemi- 
spheres exhibit  scarcely  any  convolutions ;  the  great  transverse  commis- 
sure, or  'corpus  callosum,'  is  deficient;  and,  as  in  all  the  Oviparous  Verte- 
brata,  the  rudimentary  Cerebrum  represents,  not  the  entire  cerebrum  of 
Man,  but  its  anterior  lobe  only.  There  is  gradually  to  be  noticed,  how- 
ever, in  ascending  the  scale,  a  backward  prolongation  of  the  Cerebral 
hemispheres,  so  that  first  the  Optic  ganglia,  and  then  the  Cerebellum,  ai-e 
covered  by  them ;  and  this  extension  corresponds  with  the  development 
of  the  middk  lobe  and  its  great  commissure.  The  Cerebellum  partly 
shows  itself,  however,  in  all  but  the  Quadrumana,  when  we  look  at  the 
brain  from  above  downwards;  in  the  Roclentia  (Figs.  286,  287),  which 
are  in  this  respect  among  the  lowest  of  the  Placental  Mammalia, 
nearly  the  whole  of  the  Cerebellum  is  uncovered.    In  proportion  to  the 
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Fig.  286. 
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increase  of  the  Cerebival  hemispheres,  there  is  a  diminution  in  the  size  of 
the  ganglia  immediately  connected  with  the  organs  of  sense ;  and  this  in 
comparison,  not  only  with  the  rest  of  the  Encephalon,  but  even  with  the 
Spinal  cord ;  so  that  in  Man  the  Tubercula  Quadrigemina  are  absolutely 
smaller  than  they  are  in  many  animals  of 
far  inferior  size.  The  internal  structure  of 
the  Hemispheres  becomes  more  complex, 
in  the  same  proportion  as  their  size  and  the 
depth  of  the  convolutions  increase ;  and  in 
Man  all  these  conditions  present  them- 
selves in  a  far  higher  degree  than  in  any 
other  animal.  In  fact,  it  is  only  among  the 
Ruminantia,  Pachydermata,  Carnivora,  and 
Quadrumana,  that  regnilar  convolutions  can 
be  said  to  exist ;  and  it  is  only  in  the  higher 
Carnivora  and  Quadramana,  that  there  is 
any  indication  of  the  existence  of  posterior 
lobes ;  the  presence  of  which  is  marked  by 
the  development  of  the  posterior  cornua 
of  the  lateral  ventricles,  and  by  the  posi- 
tion of  the  hipi^ocampus  major.  All  these 
phases  are  distinguishable  in  the  develop- 
ment of  the  brain  of  the  Hiiman  embryo; 
for  up  to  the  end  of  the  third  month  (Fig.  285,  b),  the  hemispheres  present 
only  the  rudiments  of  anterior  lobes,  and  do  not  even  cover-in  the  thalami ; 


Brain  of  iSjam-eZ,  laid  open;  the  hemi- 
spheres, B,  being  drawn  to  either  side,  to 
show  the  subjacent  parts ;  c,  the  optic 
lobes;  n,  cerebellum;  thai,  thalamus 
opticus ;  c  8,  corpus  striatum. 


Fie.  287. 


c  uring  the  fourth  and  part  of  the  fifth  months,  the  middle  lobes  are 
developed  on  their  posterior  aspect,  and  cover  the  tubercula  quadri- 
gemina (Fig.  288) ;  and  the  posterior  lobes,  of  which  there  was  no  pSeXus 
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rudiment,  subsequently  begin  to  sprout  from  the  back  of  the  middle  lobes, 
remaining  separated  from  them  by  a  distinct  furrow,  however,  even  in 
the  brain  of  the  mature  foetus,  and  sometimes  in  that  of  older  persons. 

Fia.  288. 


More  advanced  Stages  o£ Developmeyit  of  Suman  Brain ;  A,  at  21st  week;  B,  at  27th  week: 
a,  a,  cerebral  hemispheres;  c,  corpora  quadrigemina ;  d,  cerebellum;  e,  thalamus  opticus. 


— The  corresj)ondence  between  the  bulbous  expansion  of  the  Olfactive 
nerves  in  Mammalia,  and  the  Olfactive  lobes  of  the  lower  Vertebrata,  is 
made  evident  by  the  presence,  in  both  instances,  of  a  cavity  which  com- 
municates with  the  lateral  ventricle  on  each  side ;  it  is  in  Man  only,  that 
this  cavity  is  wanting.  The  external  form  of  the  Corpora  QuacU-igemina 
of  Mammalia,  diifers  from  that  of  the  Optic  ganglia  of  Birds,  owing  to 
the  division  of  the  former  into  anterior  and  posterior  eminences  (the 
nates  and  testes);  and  there  is  also  an  internal  clifFerence,  occasioned  by 
the  contraction  of  the  cavity  or  ventricle,  wliich  now  only  remains  as  the 
'aqueduct  of  Sylvius.'  The  Auditory  ganglia  are  lodged  in  the  substance 
of  the  Medulla  Oblongata,  forming  the  'grey  nuclei'  of  the  'posterior 
pyramids;'  and  similar  nuclei  in  the  'restiform  bodies'  are  the  ganglionic 
centres  of  the  Glosso-pharyngeal  nerves,  and  probably  minister  to  the 
sense  of  Taste. — The  Cerebellum  is  chiefly  remarkable  for  the  develop- 
ment of  its  lateral  parts  or  Hemispheres  ;  the  central  portion,  sometimes 
called  the  '  vermiform  process,'  is  relatively  less  developed  than  in  the 
lower  Yertebrata,  in  which  it  forms  the  whole  of  the  organ. 

668.  Thus,  when  we  analyse  the  entire  Cerehro- Spinal  system  of  Verte- 
brata, we  find  that  it  may  be  resolved  into  the  following  fundamentally- 
distinct  parts: — 1.  A  system  of  ganglia  subservient  to  the  reflex  actions 
of  the  organs  of  locomotion,  and  corresponding  with  the  chain  of  pedal  or 
locomotive  ganglia  that  makes-up  the  chief  part  of  the  ventral  cord  of 
the  Articulata;  in  this  system,  the  grey  or  vesicidar  matter  forms  one 
continuous  tract,  which  occupies  the  interior  of  the  Spinal  Cord. — 2.  A 
ganglionic  centre  for  the  movements  of  respio-ation,  and  another  for  those 
of  mastication  and  deglutition;  these,  with  part  of  the  preceding,  make 
up  the  proper  substance  of  the  Medulla  Oblongata.— ^.  A.  series  of  ganglia, 
in  immediate  connection  with  the  organs  of  Sjiecial  Sense;  these  are 
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situated  within  the  cranium,  at  the  anterior  extremity  of  the  Medulla 
Oblongata;  and  in  the  lowest  Vertebrata,  they  constitute  by  far  the 
largest' portion  of  the  entire  Encephalon. — 4.  The  Cerebellum,  which  is  a 
sort  of  oft-shoot  from  the  upper  extremity  of  the  Medulla  Oblongata, 
lying  behind  the  preceding. — 5.  The  Cerebral  Reviispheres,  a  pair  of 
ganglionic  masses,  wliich  lie  upon  the  ganglia  of  special  sense,  capping 
them  over  more  or  less  completely,  according  to  their  relative  develop- 
ment.— Of  these,  the  first  three  may  be  considered  as  constituting  the 
essentially  auto  matic  portion  of  the  nervous  centres;  whilst  the  Cerebrum  is 
certainly  the  original  source  of  all  voluntary/  movements ;  and  the  Cere- 
bellum seems  to  contribute  to  the  adjustment  and  combination  of  the 
individual  acts,  by  which  the  directions  of  the  Will  are  worked-out, 
through  the  instrumentality  of  the  automatic  apparatus,  in  the  manner  to 
be  presently  explained. 

669.  The  development  of  the  Sympathetic  or  Visceral  system  of  nerves 
in  the  Vei-tebrated  classes,  advances  pari  passu  with  that  of  the  Cerebro- 
spinal ;  from  which  it  gradually  becomes  more  distinct.  In  many  Fishes, 
as  in  the  Invertebrata,  the  two  are  so  blended  that  it  is  difficult  to  sejja- 
rate  them,  the  visceral  nerves  appearing  to  be  derived  exclusively  from 
the  cerebro-spinal  system ;  but,  as  we  ascend  the  scale,  the  former  is  seen  to 
possess  centres  of  its  own ;  and  in  Mammalia  it  becomes  a  system  of  great 
complexity,  having  two  large  ganglia  (the  Semilunar)  in  the  abdomen, 
from  which  filaments  are  disti-ibuted  to  all  the  digestive  organs,  besides 
a  regular  series  along  the  spine.  It  communicates  with  each  of  the  spinal 
nexwes  near  their  roots,  as  well  as  with  most  of  the  cerebral ;  and  inter- 
changes filaments  with  them.  It  forms  a  plexus  which  is  minutely  dis- 
tributed upon  the  large  vascular  trunks,  and  which  probably  accompanies 
their  ramifications  into  every  part  of  the  system. 

670.  It  is  in  Yertebrated  animals,  that  we  meet  with  the  greatest  com- 
plexity in  the  actions  of  the  ISTervous  system,  and  that  we  experience  the 
greatest  difficulty  in  determining  the  attributes  of  each  of  its  parts.  This 
is  due,  on  the  one  hand,  to  the  increased  variety  in  its  modi  operandi; 
for  whilst  the  actions  of  the  lower  tribes  belong  for  the  most  part  to  the 
Automatic  group,  many  of  those  of  Yertebrata  are  dependent  upon  Volun- 
tary determinations,  and  some  upon  Emotional  impulses ;  and  it  is  not 
always  easy  to  assign  their  true  source.  On  the  other  hand,  a  difficulty 
ai'ises  out  of  the  peculiarity  in  the  arrangement  of  their  several  ganglionic 
centres,  which  are  for  the  most  part  combined  together  in  one  continuous 
mass,  so  that  they  cannot  be  isolated  one  from  another  without  the  inflic- 
tion of  such  injui-ies,  as  must  considerably  interfere  with  the  performance 
of  their  appropriate  actions.  Still,  taking  Nature  as  our  guide,  and 
availing  ourselves  of  the  experiments  wliich  she  has  prepared  for  us  in 
the  different  natural  combinations  of  these  ganglionic  centres,  it  seems 
possible  to  attain  to  very  definite  conclusions  in  regard  to  all  the  most 
general  questions  involved  in  the  inquiry ;  and  to  these  alone  will  it  be 
desirable  for  us  here  to  restrict  ourselves. 

671.  The  Craniospinal  ^ccis,— including  the  Spinal  Cord,  Medulla 
Oblongata,  and  Sensory  Ganglia, — may  be  considered  as  the  representative 
of  the  entire  nervous  system  of  Articulated  animals  (save  of  that  portion 
which  is  homologous  with  the  Sympathetic);  and,  like  it,  seems  to  be 
the  centre  of  all  the  movements  which  may  be  designated  as  automatic. 
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Although  it  Wcas  long  held  as  a  physiological  truth,  that  the  principal  part 
of  the  Sensory  fibres  passes-up  to  the  grey  matter  which  forms  the  surface 
of  the  Cerebral  hemispheres,  and  that  the  fibres  which  are  subservient  to 
voluntary  Motion  originate  in  the  same  situation,  and  pass  downwards 
throiigh  the  spinal  cord  and  nei-ve-trunks  to  the  muscles ;  yet  anatomical 
inquiry  fails  to  sanction  such  a  doctrine,  and  tends,  concurrently  with 
the  results  of  physiological  investigation,  to  the  conclusion,  that  no  sen- 
sory fibres  pass  upwards  beyond  the  chain  of  sensory  ganglia  (including 
the  thalami  optici),  and  that  no  motor  fibres  really  originate  from  any 
higher  point  than  the  corpora  striata.  With  this  chain  of  ganglionic 
centres,  which  constitutes  the  real  sensorium,  the  vesicular  matter  of  the 
Cerebral  or  Hemispheric  ganglia  is  connected,  by  that  vast  collection  of 
fibres  which  radiate  from  their  central  portion  to  their  surface ;  but  these 
fibres  may  be  regarded  as  simply  commissural,  connecting  the  grey  matter 
of  the  cerebral  surface  with  the  thalami  optici,  corpora  striata,  and  other 
ganglionic  centres,  whose  endowments  are  altogether  distinct.  It  is,  then, 
in  the  Cranio-Spinal  Axis,  that  all  the  afierent  and  sensory  nerves  termi- 
nate ;  and  it  must  be  through  it,  therefore,  that  the  Cerebrum  is  acted 
upon  by  external  impressions.  On  the  other  hand,  it  is  in  the  same  Axis 
that  all  the  motor  nerves  originate ;  and  it  must  be  through  it,  therefore, 
that  the  Cerebrum  is  brought  into  communication  with  the  Muscular 
apparatus. 

672.  That  this  Cranio-Spinal  Axis  is  a  distinct  centre  of  automatic 
action,  and  does  not  derive  its  power  (as  formerly  supposed)  from  the 
Cerebrum,  is  made  evident  by  a  variety  of  considerations.  Thus,  Infants 
are  sometimes  boi*n  without  any  Cerebrum  or  Cerebellum ;  and  such  have 
existed  for  several  hours  or  even  days,  breathing,  crying,  sucking,  and 
performing  various  other  movements.  The  Cerebrum  and  Cerebellum 
have  been  experimentally  removed  from  Birds  and  young  Mammalia,  thus 
reducing  these  beings  to  a  similar  condition ;  and  all  their  vital  operations 
have,  nevertheless,  been  so  regularly  performed,  as  to  enable  them  to  live 
for  weeks,  or  even  months.  In  the  Amphioxus,  as  already  stated  (§  660), 
we  have  an  example  of  a  completely-formed  adult  animal,  in  which  no 
rudiment  of  a  Cerebrum  or  Cerebellum  can  be  detected.  And  in  ordi- 
nary profound  sleep,  or  in  apoplexy,  the  functions  of  these  organs  are  so 
completely  suspended,  that  the  animal  is,  in  all  essential  particulars,  in 
the  same  condition  for  a  time  as  if  destitute  of  them.  It  is  possible, 
indeed,  to  reduce  a  Vertebrated  animal  to  the  condition  (so  far  as  its 
nervous  system  is  concerned)  of  an  Ascidian  MoUusk  (§  640) ;  for  it  may 
continue  to  exist  for  some  time,  when  not  merely  the  Cerebrum  and  Cere- 
bellum have  been  removed  from  above,  but  when  nearly  the  whole  Spinal 
Cord  has  been  removed  from  below, — that  part  only  of  the  latter  being 
left  (namely,  the  Medulla  Oblongata),  which,  being  the  centre  of  the  respira- 
tory actions,  bears  the  greatest  correspondence  to  the  single  ganglion  of 
the  Tunicata.  On  the  other  hand,  no  Yertebrated  animal  can  exist  by  its 
Encephalon  alone,  the  Spinal  Axis  being  destroyed  or  removed;  for  the 
reflex  actions  of  the  latter  are  so  essential  to  the  continuance  of  its 
respiration,  and  consequently  of  its  circulation,  that  if  they  be  suspended 
(by  the  destruction  of  the  portion  of  the  Cord  which  is  concerned  in 
them),  all  the  organic  functions  must  soon  cease. 

673.  That  the  actions  performed  by  the  Spinal  Cord  are  of  a  simply 
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reflex  nature  — consisting  in  tlie  excitement  of  musculax  movements,  m 
respondence  to  external  impressions,  without  the  necessary  interyention 
of  sensation —appears  to  be  a  necessary  inference  from  the  facts  that  have 
'b'e'^n  brou'^ht  to  light  by  experiment  and  observation.  Experiments  on 
the  nature^of  this  function  are  best  made  upon  cold-blooded  animals;  as 
their  general  functions  are  less  disturbed  by  the  effects  of  severe  injuries 
of  the  nervous  system,  than  are  those  of  Birds  and  Mammals.  "When  the 
Cerebrum  has  been  removed,  or  its  functions  have  been  suspended  by  a 
severe  blow  upon  the  head,  a  variety  of  motions  may  be  excited  by  their 
appropriate  stimuli.  Thus,  if  the  edge  of  the  eye-lid  be  touched  with  a 
straw,  the  lid  immediately  closes.  If  liquid  be  poured  into  the  mouth,  or 
a  solid  substance  be  pushed  within  the  grasp  of  the  muscles  of  deglutition, 
it  is  swallowed.  If  the  foot  be  pinched,  or  burned  with  a  lighted  taper, 
it  is  withdrawn;  and  (if  the  creature  experimented  on  be  a  Frog)  the 
animal  will  leap  away,  as  if  to  escape  from  the  source  of  irritation.  If 
the  cloaca  be  irritated  with  a  probe,  the  hind-legs  will  endeavour  to  push 
it  away. — Now  the  performance  of  these  as  well  as  of  other  movements, 
many  of  them  most  remtu-kably  adapted  to  an  evident  purpose,  might  be 
supposed  to  indicate,  that  sensations  are  called-up  by  the  impressions;  and 
that  the  animal  can  not  only  feel,  but  can  voluntarily  direct  its  move- 
ments, so  as  to  get  rid  of  the  irritation  which  annoys  it.  But  such  an 
inference  woidd  be  inconsistent  with  other  facts. — In  the  first  place,  the 
motions  performed  by  an  animal  under  such  circumstances,  are  never 
spontaneous,  but  are  always  excited  by  a  stimulus  of  some  kind.  Thus,  a 
decapitated  Frog,  after  the  first  violent  convulsive  movements  occasioned 
by  the  operation  have  passed '  away,  remains  at  rest  until  it  is  touched; 
and  then  the  leg,  or  its  whole  body,  may  be  thrown  into  sudden  action, 
which  immediately  subsides  again.  In  the  same  manner,  the  act  of 
swallowing  is  not  pei'formed,  except  when  it  is  excited  by  the  contact  of 
food  or  liquid ;  and  even  the  respiratory  movements,  spontaneous  as  they 
seem  to  be,  would  not  continue,  unless  they  were  continually  re-excited 
by  the  presence  of  venous  blood  in  the  vessels.  These  movements  are  all 
necessoA-ily  linked  with  the  stimulus  that  excites  them; — ^that  is,  the  same 
stimulus  will  always  produce  the  same  movement,  when  the  condition  of 
the  body  is  the  same.  Hence  it  is  evident,  that  the  judgment  and  will 
are  not  concerned  in  producing  them;  and  that  the  ada2?tiveness  of  the 
movements  is  no  proof  of  the  existence  of  consciousness  and  discrimination 
in  the  being  which  executes  them, — the  adaptation  being  made  for  that 
being,  by  the  peculiar  structiire  of  its  nervous  apparatus,  which  causes  a 

certain  movement  to  be  executed  in  respondence  to  a  given  impression,  

not  hy  it.  An  animal  thus  circumstanced  may  be  not  unaptly  compared 
to  an  automaton ;  in  which  particular  movements,  adapted  to  produce  a 
given  effect,  are  produced  by  touching  certain  springs.  Here  the  adapta- 
tion was  in  the  mind  of  the  maker  or  designer  of  the  automaton;  and  so 
it  evidently  is,  in  regard  to  the  purely  automatic  movements  of  animals 
as  well  as  with  respect  to  the  various  operations  of  their  nutritive  system' 
over  which  they  have  no  control,  yet  which  concur  most  admirably  to  a 
common  end. 

674.  Again,  we  find  that  such  movements  may  be  performed,  not  only 
when  the  Encephalon  has  been  removed,  the  spinal  cord  remaining  entii-e 
but  also  when  the  Spinal  Cord  has  been  itself  cut  across,  so  as  to  be 
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divided  into  two  or  more  portions, — eacli  of  tliem  completely  isolated 
from  each  other,  and  from  other  parts  of  the  nervous  centres.  Thus,  if 
the  head  of  a  Frog  be  cut-off,  and  its  spinal  cord  be  divided  in  the  middle 
of  the  back,  so  that  its  fore-legs  remain  connected  with  the  upper  part, 
and  its  hind-legs  with  the  lower,  each  pair  of  members  may  be  excited 
to  movement  by  a  stimulus  applied  to  itself;  but  the  two  pairs  will  not 
exhibit  any  consentaneoiis  motions,  as  they  will  do  when  the  spinal  cord 
is  vindivided.  Or,  if  the  Spinal  cord  be  cut-across,  without  the  removal 
of  the  Brain,  the  lower  limbs  may  be  excited  to  movement,  by  an  appro- 
priate stimulus,  though  they  are  completely  paralysed  to  the  wiU;  whilst 
the  upper  remain  under  the  control  of  the  animal,  as  completely  as  before. 
And  when  this  separation  happens  to  be  made  in  the  Human  subject 
by  accidental  injury  or  by  disease,  it  is  found  that  if  it  be  complete,  there 
is  not  only  a  total  want  of  voluntary  control  over  the  lower  extremities, 
biit  a  complete  absence  of  sensation  also, — the  individual  not  being  in 
the  least  conscious  of  any  impression  made  upon  them.  When  the  lower 
segment  of  the  Cord  remains  sound,  and  its  nervous  connections  with  the 
limbs  are  unimpaired,  distinct  reflex  movements  may  be  excited  in  the 
limbs,  by  stimuli  directly  applied  to  them ;  as,  for  instance,  by  pinching 
the  skin,  tickling  the  sole  of  the  foot,  or  applying  a  hot  plate  to  its 
surface ;  and  this  without  the  least  sensation,  on  the  part  of  the  patient, 
either  of  the  cause  of  the  movement,  or  of  the  movement  itself 

675.  This  fact,  taken  in  connection  with  the  preceding  experiments, 
both  upon  Vertebrated  and  Articulated  animals,  distinctly  proves  that 
Sensation  is  not  a  necessary  link  in  the  chain  of  '  reflex '  actions  of  this 
lowest  class,  which  may  be  appropriately  distinguished  as  excito-motor  ; 
but  that  all  which  is  required  is  an  afferent  fibre,  cajjable  of  receiving  the 
impression  made  upon  the  surface,  and  of  conveying  it  to  the  centre ;  a 
ganglionic  centre,  composed  of  vesicular  nervous  substance,  into  which  the 
afferent  fibre  passes ;  and  an  efferent  fibre,  capable  of  transmitting  the 
motor  impulse,  from  the  ganglionic  centre,  to  the  muscle  which  is  to  be 
thrown  into  contraction. — These  conditions  are  realised  in  the  Spinal 
Cord.  We  may  have  reflex  actions  excited  through  any  one  isolated 
segment  of  it,  as  through  a  single  ganglion  of  the  ventral  cord  of 
Articulata,  but  they  are  then  confined  to  the  parts  supplied  by  the  nerves 
of  that  segment :  thus,  if  the  spinal  cord  of  a  Frog  be  divided  just  above 
the  origin  of  the  crural  nerves,  the  hind-legs  may  be  thrown  into  reflex 
contraction  by  various  stimuli  applied  to  themselves,  while  the  fore-legs 
will  exhibit  no  movement  of  this  kind.  But  if  the  brain  be  removed,  and 
the  Spinal  Cord  be  left  entire,  movements  may  be  excited  in  distant  parts, 

 as,  for  example,  in  the  fore-legs,  by  any  powerful  irritation  of  the 

posterior  extremities, — and  vice  versd.  This  is  particularly  well  seen  in 
the  convulsive  movements  which  take  place  in  certain  disordered  states  of 
the  nervous  system ;  a  slight  local  irritation  being  sufiicient  to  throw 
almost  any  muscles  of  the  body  into  a  state  of  energetic  action.  And  a 
similar  state  may  be  artificially  induced,  by  applying  strychnine  (in  solu- 
tion) to  the  Spinal  Cord  of  a  decapitated  Frog. 

676.  The  particular  'reflex'  actions  to  which  the  Spinal  Cord  (usmg 
that  term  in  its  limited  sense,  as  excluding  the  Medulla  Oblongata)  is 
subservient,  are  mostly  connected  with  the  Organic  fvmctions;  and  they 
are  chiefly  of  an  expulsive  kind,  being  destined  to  force-out  the  contents 
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of  various  cavities  of  tlie  body.    Tlius  the  ordinary  acts  of  defecation  and 
urination,  ejaculatio  seminis,  and  parturition,  ai'e  all  reflex  movements, 
over  which  the  Will  has  but  very  little  control,  when  once  the  stimulus 
by  Avhicli  they  are  excited  has  come  into  full  action. — But  the  movements 
of  the  posterior  extremities  are  occasionally  due  to  the  purely-automatic 
action  of  the  Spinal  Cord.    It  has  been  already  noticed  that  these  may 
be  excited,  even  in  Man,  when  the  spinal  cord  has  been  severed  in  the 
middle  without  injury  to  its  lower  segment ;  and  it  is  remarkable  that 
gentle  stimuli,  applied  to  the  skin  of  the  sole  of  the  foot,  appear  the  most 
capable  of  producing  them.    We  have  seen  how  completely,  in  the  lower 
animals,  the  acts  of  progression  may  be  sustained,  by  the  repeated 
stimulus  of  the  contact  of  the  ground,  or  of  fluid,  without  any  influence 
from  the  Cephalic  ganglia;  the  power  of  these  being  limited,  it  would 
seem,  to  the  control  and  direction  of  them.    And  there  is  strong  reason 
to  believe,  that,  so  far  as  the  ordinary  acts  of  locomotion  are  concerned, 
the  movements  of  the  inferior  extremities  in  Man  may  be  performed  on 
the  same  plan ;  being  continued  by  the  '  reflex '  power  of  the  Cord,  when 
once  set  in  action  by  the  Will,  whilst  we  are  walking  steadily  onwards ; 
the  mind  being  at  the  same  time  occupied  by  some  train  of  thought,  which 
engrosses  its  whole  attention  (§  684).    Even  when  the  mind  is  sufficiently 
on  the  alert  to  guide,  direct,  and  control  the  motions  of  the  limbs,  their 
separate  actions  appear  to  be  performed  without  any  direct  agency  of  the 
wiE.    It  is  certain  that,  in  Birds,  the  movements  of  flight  may  be  per- 
formed after  the  removal  of  the  Cerebrum  (§  678). 

677.  The  Medulla  Oblongata  does  not  differ  in  any  other  essential 
particular  from  the  Spinal  Cord  (of  which  it  may  be  considered  as  the 
cranial  prolongation),  than  this;  that  whilst  the  ganglionic  portion  of 
the  latter  is  made-up  of  the  centres  which  minister  to  general  locomotion 
being  homologous  with  the  repetition  ol^h^  pedal  ganglia  in  the  ventral 
cord  of  Articulated  animals,  the  former  contains  the  centres  of  the  move- 
ments of  Deglutition  and  Eespiration,  and  may  therefore  be  reo-arded  as 

representing  their  stomato-gastric  and  respiratory  ganglia.  Both  these 

actions  are  purely  'automatic'  in  their  character;  and  the  Will  can  only 
restrain  them,  when  the  stimulus  which  calls  them  forth  is  not  actino- 
with  any  great  degree  of  potency.    The  act  of  Swallowing  is  excited  b? 
the  contact  of  solid  or  fluid  matters  with  the  membrane  linino-  the  fauces 
and  the  impression,  conveyed  to  the  Medulla  Oblongata  by°an  afierent 
nerve  (the  ' glosso-pharyngeal'),  excites  there  a  reflex  impulse  which 
bemg  transmitted  along  a  motor  nerve  (chiefly  the  pharyngeal  portion  of 
the  'par  vagum')  to  the  muscles,  caUs  them  into  those  combined  and 
consecutive  movements,  which  are  requisite  for  the  reception  of  the  food 
from  the  buccal  cavity,  and  for  its  propulsion  down  the  oesopha<^us 
These  movements  may  be  excited  in  a  state  of  complete  unconsciousness" 
or  after  the  removal  of  the  Cerebrum  from  above,  and  of  the  Spinal  Cord 
from  ./^d  when  .we  suppose  that  we  are  swallowing  voluntarily 

the  action  of  the  Will  is  limited  to  the  mere  excitation  of  the  reflex  move- 
ment, by  the  caiTymg-back  of  the  solid  or  liquid  to  be  swallowed  upon 
the  tongue  into  contact  with  the  Hning  membrane  of  the  fauces  When 
this  contact  has  once  been  efi-ected,  scarcely  any  power  of  the  will  could 
prevent  the  consecutive  movement.  The  acts  of  Prehemion  of  food  wJth 
the  hps,  though  usually  effected  by  voluntary  power  in  the  adult  seem  to 


y  Y 


690 


STRUCTURE  AND  ACTIONS  OF  THE  NERVOUS  SYSTEM. 


be  capable  of  taking-place  as  a  part  of  the  reflex  operation  of  the  Medulla 
Oblongata,  in  the  Human  infant,  as  in  the  lower  animals.    This  is  parti- 
cularly evident  in  the  prehension  of  the  nipple  by  the  lips  of  the  infant, 
and  in  the  act  of  suction  which  the  contact  of  that  body  (or  of  any 
resembling  it)  seems  to  excite.    The  experiments  provided  for  us  by 
nature,  in  the  prodxiction  of  anencephalous  monstrosities,  fully  prove  that 
the  integrity  of  the  nervous  connection  of  the  lips  and  respii'atory  organs 
with  the  Medulla  Oblongata,  is  alone  sufficient  for  the  performance  of  this 
action ;  and  experiments  upon  young  animals,  from  which  the  brain  has 
been  removed,  establish  the  same  fact.    Thus  Mr.  Grainger  found  that, 
upon  introducing  his  finger,  moistened  with  milk,  or  with  sugar  and  water, 
between  the  lips  of  a  puppy  thus  mutilated,  the  act  of  suction  was 
excited ;  and  not  merely  the  act  of  suction  itself,  but  other  movements 
having  a  relation  to  it;  for  as  the  puppy  lay  on  its  side,  sucking  the 
fixLger,  it  pushed-out  its  feet,  in  the  same  manner  as  young  pigs  exert 
theirs  in  compressing  the  sow's  dugs.     The  act  of  Mastication,  again, 
although  usually  considered  a  voluntary  one,  comes  by  habit  to  be  per- 
formed without  any  exertion  of  the  will ;  and  may  then  be  referred  to 
that  class  denominated  '  secondarily  automatic '  (§  684). — The  movements 
of  Respiration  are  purely  '  reflex '  in  their  character,  although  capable  of 
beiag  imitated,  or  to  a  certain  extent  controlled,  by  an  exertion  of  the 
Will.    The  purpose  of  this  subjection,  which  seems  peculiar  to  the  higher 
animals,  is  evidently  to  render  them  subservient  to  the  production  of 
Yocal  Sounds ;  to  which  they  obviously  could  not  minister,  if  they  were 
as  independent  of  voluntary  control  and  direction,  as  they  seem  to  be  in 
the  lower  animals.  But  this  subjection  only  exists,  when  the  stimulus  does 
not  act  with  more  than  moderate  force,  that  is,  when  the  blood  is  under- 
going its  normal  aeration;  for  if  the  process  be  checked  for  a  few 
seconds,  the  demand  for  aeration  becomes  so  strong,  that  the  Will  can  no 
longer  restrain  the  movement  to  which  it  prompts.    The  stimulus  to  this 
action  chiefly  originates  in  the  lungs,  and  is  either  the  presence  of  venous 
blood  ia  their  capillaries,  or  of  carbonic  acid  in  their  air-cells.  This 
impression  (which  need  not  be  strong  enough  to  arouse  the  conscious- 
ness) is  conveyed  to  the  Medulla  Oblongata  by  the  pulmonic  portion  of 
the  'par  vagum';  and  a  reflex  impulse  is  then  transmitted  through  the 
'phrenic  '  and  'intercostal '  nerves,  to  the  diaphragm  and  the  muscles  of 
the  ribs,  which  produces  the  act  of  inspiration.    It  is  not  through  the 
'par  vagum'  alone,  however,  that  exciter  impressions  are  conveyed;  for 
the  nerves  of  the  general  surface,  and  especially  of  the  face,  are  subser- 
vient to  this  function;  and  it  is  through  them  that  the>-s«  inspiration  is 
excited  by  the  contact  of  cold  air  with  the  skin  of  the  new-bom  Mammal 
It  appears,  too,  that  the  Cerebrum  is  concerned  in  the  maintenance  of 
the  respiratory  movements,  not  voHtionally,  however,  but  automatically; 
the  circulation  of  imperfectly-arterialised  blood  through  its  vessels, 
occasioning  an  impulse  to  be  transmitted  from  it  to  the  respn-atory 
nerves  through  the  medium  of  their  gangliomc  centre.^    So  when  the 
respiratory  efforts  are  very  powerfully  called-forth,  various  other  parts 
of  the  nervo-muscular  apparatus  are  put  in  action,  besides  those  just 

'^T78''''The  chain  of  Sensory  Qamglia,  wliich  forms  nearly  the  entire 
Encephalon  of  Fishes  (§  662),  but  which  is  overlaid  and  obscured  m  Man 
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and  the  higher  Vei'tebrata  by  the  relatively-enormous  development  of  the 
Cerebrum,  may  be  regarded  as  constituting  the  true  Sensoriwm ;  that  is, 
as  the  seat  of  consciomness,  to  which  impressions  made  upon  the  nerves 
of  sense  are  carried,  and  through  which  the  individual  is  rendered  cognisant 
of  them.  There  is  abundant  evidence  that  this  endowment  does  not 
exist  in  the  locomotive,  stomato-gastric,  or  respiratory  ganglia,  of  whicli 
the  Spinal  Cord  and  the  piincipal  part  of  the  Medulla  Oblongata  are 
made-up ;  whilst  on  the  other  hand,  there  is  adequate  proof  that  the 
presence  of  a  Cex'ebrum  is  not  necessary  to  its  possession.  For  these, 
ganglia  are  obviously  homologous  with  the  Cephalic  ganglia  of  Inverte- 
brated  animals ;  and  if  the  latter  be  the  instruments  of  consciousness  and 
the  seat  of  sensibility  (to  deny  which,  would  be  to  refuse  these  endow- 
ments to  Invertebrated  animals  altogether),  there  is  no  reason  to  doubt 
that  the  former  are  so  likewise,  their  relations  to  the  nerves  of  sense  being 
precisely  the  same.  There  is  no  adequate  reason  for  the  belief,  that  tbe 
addition  of  the  Cerebral  Hemispheres,  in  the  Vertebrated  series,  alters 
the  endowments  of  the  Sensory  Ganglia  on  which  they  are  superimposed ; 
on  the  contrary,  we  have  everywhere  seen  that  the  addition  of  ganglionic 
centres,  as  instruments  of  new  functions,  leaves  those  which,  were  pre- 
viously existing,  in  the  discharge  of  their  original  duties.— So  far  as  the 
results  of  experiments  can  be  relied-on,  they  afford  a  corroboration  of 
these  views,  by  showing  that  sensory  impressions  can  be  felt,  and  auto- 
matic movements  excited  or  directed,  through  the  medium  of  these 
ganglia,  after  the  complete  removal  of  the  Cerebrum.  Thus  if  a  Bird  be 
thus  mutilated,  it  maintains  its  equilibrium,  and  recovers  it  when  it  has 
been  disturbed;  if  pushed,  it  walks;  if  thrown  into  the  air,  it  flies.  A 
pigeon  deprived  of  its  cerebrum  has  been  observed  to  seek-out  the  light 
parts  of  a  partially-illuminated  room  in  which  it  was  confined,  and  to 
avoid  objects  that  lay  in  its  way;  and  at  night,  when  sleeping  with  closed 
eyes  and  its  head  under  its  wing,  it  raised  its  head  and  opened  its  eyes 
upon  the  slightest  noise.  It  is  scarcely  possible  to  believe  that  these 
movements  were  merely  excito-motor ;  since  they  seem  obviously  to  indi- 
cate the  guiding  influence  of  sensation. 

679.  The  results  of  experiments  made  upon  the  Sensory  Gano-lia  them- 
selves, and  upon  the  organs  from  which  they  derive  their  impressions 
manifest  the  remarkable  influence  of  such  impressions  in  guiding  the 
ordinary  movements  of  the  lower  animals;  these  being  completely  dis- 
turbed, and  a  new  set  of  purely-automatic  movements  being  substituted 
when  the  orchnary  relations  of  the  organs  are  interfered-with.— Thus  it 
has  been_  ascertained  by  Flourens,  that  a  vertiginous  movement  may  be 
7uo^fZ  P^S^*^  t^Pl^  blindfolding  one  eye;  and  Longet  has  pro- 

duced the  same  effect,  by  evacuating  the  humours  of  one  eye  These 
vertiginous  movements  are  more  decided  and  prolonged,  whenf  instead  of 
one  eye  being  bhnded,  one  of  the  optic  ganglia  is  rL^ved;    he  anlla 
contmmng  to  turn  itself  towards  the  iiTjJd  side,  as  if  ro  a  ng  on  an 

the  Auditory  nerve  proceeding  to  the  'semi-circular  canals' (§  7 IsT 
would  occasion  still  greater  irregularities  of  movement.  Section  of  the 
horizontal  semi-circular  canal  in  Pigeons,  on  both  sides,  indiices  a  inSd 
jerking  horizontal  movement  of  thf  head,  from  side  to  side  . 
tendency  to  turn  to  one  side,  which  manifests  itself  whenever  the  I^ma^ 
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attempts  to  walk  forwards.    Section  of  a  vertical  canal,  whether  the 
superior  or  inferior,  of  both  sides,  is  followed  by  a  violent  vertical  move- 
ment of  the  head.    And  section  of  the  horizontal  and  vertical  canals,  at 
the  same  time,  causes  horizontal  and  vertical  movements.    Section  of 
either  canal  on  one  side  only,  is  followed  by  the  same  effect  as  when  the 
canal  is  divided  on  both  sides;  but  this  is  inferior  in  intensity.  The 
movements,  continue  to  be  performed  during  several  months.    In  Rabbits, 
section  of  the  horizontal  canal  is  followed  by  the  same  movements  as  those 
exhibited  by  Pigeons  j  and  they  are  even  more  constant,  though  less 
violent.    Section  of  the  anterior  vertical  canal  causes  the  animal  to  make 
continued  forward  '  somersets whilst  section  of  the  posterior  vertical 
canal  occasions  continual  backward  '  somersets.'    The  movements  cease 
when  the  animal  is  in  repose;  and  they  recommence  when  it  begins-to 
move,  increasing  in  violence  as  its  motion  is  more  rapid.    These  cuiious 
results  are  supposed  by  M.  Flourens  to  indicate,  that  the  nerve  supplying 
the  semi-circular  canals  does  not  minister  to  the  sense  of  hearing,  but  to 
the  direction  of  the  movements  of  the  animal ;  but  they  are  fully  expli- 
cable, upon  the  supposition,  that  the  normal  function  of  the  semi-circular 
canals  is  to  indicate  to  the  animal  the  direction  of  sounds  (§  715),  and  that 
its  movements  are  partly  determined  by  these :  so  that  a  destruction  of 
one  or  other  of  them  will  produce  an  irregularity  of  movement  (resu.lting, 
as  it  would  seem,  from  a  sort  of  giddiness  on  the  part  of  the  animal), 
just  as  when  one  of  the  eyes  of  a  bird  is  covered  or  destroyed,  as  in  the 
experiments  previously  cited. 

680.  Notwithstanding  that,  in  Man,  the  high  development  of  Intelli- 
gence supersedes  in  great  degree  the  operations  of  Instinct,  we  still  find 
that  there  are  in  ourselves  certain  movements,  which  can  be  distinguished 
as  neither  voluntary  nor  excito-motor,  and  which  are  examples  of  that 
method  of  operation,  which  seems  to  be  the  chief  source  of  the  actions  of 
the  lower  Yertebrata,  as  of  the  Invertebrated  classes  in  general.  These 
movements  are  as  truly  'reflex'  as  are  the  excito-motor  actions  of  the 
Spinal  Cord;  but  differ  from  them  in  this,  that  they  are  only  excited  by 
impressions  of  which  we  are  consciovis,  that  is,  by  sensations ;  and  hence 
they  are  conveniently  designated  as  sensori-motor  or  consensual. — As 
examples  of  this  group,  we  may  advert  to  the  act  of  Vomiting,  produced 
by  various  causes  which  act  through  the  organs  of  sense ;  such  as  the 
sight  of  a  loathsome  object,  a  disagreeable  smell,  or  a  nauseous  taste. 
The  excitement  of  the  act  of  Sneezing  by  a  dazzling  light,  is  another 
example  of  the  same  kind;  for  even  if  it  be  granted,  that  the  act  of 
sneezing  is  ordinarily  excited  through  the  spinal  system  alone  (which  is 
by  no  means  certain),  there  can  be  no  doubt  that  in  tliis  instance  it 
cannot  be  brought  into  play  without  a  sensation  actually  felt.    The  same 
may  be  said  of  the  Laughter  which  sometimes  involuntarily  bui-sts-forth, 
at  the  provocation  of  some  sight  or  sound,  to  which  no  distinct  lucUcrous 
idea  or  emotion  can  be  attached ;  and  of  that  resulting  from  the  act  of 
ticklino-,  in  which  case  it  is  most  certainly  occasioned  by  the  sensation, 
and  by  that  alone.    The  start  produced  by  a  loud  and  unexpected  sound, 
and  the  closure  of  the  eyes  to  a  dazzling  light,  or  on  the  sudden  approach 
of  a  body  that  might  injure  them  (which  has  been  observed  to  take  place 
in  certain  cases  of  paralysis,  in  which  the  eyelids  could  not  be  voluntarily 
closed),  are  additional  examples  of  the  same  kind.  It  is  m  certain  morbid 
states,  however,  that  the  direct  influence  of  Sensations  in  occasioning  and 
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fjoverning  movements,  in  a  manner  not  to  be  accounted-for  either  by 
excito-motor  or  by  voluntary  action,  is  most  remarkably  manifested.  Ihus 
in  cases  of  excessive  ii-ritation  of  the  retina,  which  renders  the  eye  most 
])ainfully  sensitive  to  even  a  feeble  amount  of  light,— the  state  designated 
as  photophoUa—\he  eyelids  are  drawn-together  spasmodically,  with  such 
foixe  as  to  resist  veiy  powerful  efforts  to  open  them;  and  if  they  be 
forcibly  ckawn-apart,  the  pupH  is  frequently  rolled  beneath  the  upper  lid, 
much  fm-ther  than  it  could  be  carried  by  a  voluntary  effort.  And  in 
painful  affections  of  the  waUs  of  the  chest,  we  may  observe  the  usual 
movements  of  the  ribs  to  be  very  much  abridged;  the  dependence  of  this 
abridc^ment  upon  the  painful  sensation  which  they  occasion,  being_  most 
evident  in  those  instances  in  which  the  affection  is  confined  to  one  side, — 
for  there  is  then  a  marked  curtailment  in  its  movements,  whilst  those  of 
the  other  side  may  take-place  as  usual ;  a  difference  which  can  scarcely 
be  '  excito-motor,'  and  which  the  Will  cannot  imitate.  Again,  in  some 
Convulsive  disorders,  we  may  notice  that  the  paroxysms  are  excited  by 
causes,  which  act  through  the  organs  of  special  sense;  thus  in  Hydro- 
phobia, we  observe  the  immediate  influence  of  the  sight  or  the  sound  of 
liquids,  and  of  the  slightest  currents  of  air ;  and  in  many  Hysteric  sub- 
jects, the  sight  of  a  paroxysm  in  another  individual  is  the  most  certain 
means  of  its  induction  in  themselves. 

681.  When  we  contrast  the  actions  of  Man  and  of  the  higher  Verte- 
brata,  with  those  of  the  lower,  we  cannot  but  perceive  that  we  gradually 
lose  the  indications  of  Intelligence  and  Will,  as  the  sources  of  the  move- 
ments of  the  animal;  whilst  we  see  a  corresponding  predominance  of 
those,  which  are  commonly  denominated  Instinctive,  and  which  are  per- 
formed (as  it  would  appear)  in  immediate  respondence  to  certain  sensations, 
without  any  intentional  adaptation  of  means  to  ends  on  the  part  of  the 
individual ;  although  such  adaptiveness  doubtless  exists  in  the  actions 
themselves,  being  a  consequence  of  the  original  constitution  of  the  nervous 
system  of  each  animal  performing  them.  It  cannot  be  doubted  by  any 
person  who  has  attentively  stu.died  the  characters  of  the  lower  animals, 
that  many  of  them  possess  psychical  endowments,  corresponding  with 
those  which  we  term  the  Intellectual  powers  and  Moral  feelings  in  Man ; 
but  in  proportion  as  these  are  undeveloped,  in  that  proportion  is  the 
animal  under  the  dominion  of  those  instinctive  impulses,  which,  so  far 
as  its  own  consciousness  is  concerned,  may  be  designated  as  blind  and 
aimless,  but  which  are  ordained  by  the  Creator  for  its  protection  from 
danger,  and  for  the  supply  of  its  natural  wants.  The  same  may  be  said 
of  the  Human  infant,  or  of  the  Idiot,  in  whom  the  reasoning  powers  are 
undeveloped.  Instinctive  actions  may  in  general  be  distinguished  from 
those  which  are  the  result  of  voluntary  power  guided  by  reason,  chiefly 
by  the  two  following  characters : — 1.  Although,  in  many  cases,  experience 
is  required  to  give  the  Will  command  over  the  muscles  concerned  in  its 
operations,  no  experience  or  education  is  required,  in  order  that  the 
different  actions,  which  result  from  an  Instinctive  impulse,  may  follow  one 
another  with  unerring  precision. — 2.  These  actions  are  always  performed 
by  the  same  species  of  animal,  nearly  if  not  exactly,  in  the  same  manner ; 
presenting  no  such  variation  in  the  means  adapted  to  the  object  in  view, 
and  admitting  of  no  such  improvement  m  the  progress  of  life,  or  in  the 
succession  of  ages,  as  we  observe  in  the  habits  of  individual  men,  or  in  the 
manners  and  customs  of  nations,  that  are  adapted  to  the  attainment  of 
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any  particular  ends  by  those  voluntary  efforts  wHcli  are  guided  by  reason. 

o.  xsxe  tact,  too,  that  these  Instinctive  actions  are  often  seen  to  be  per- 
lormed  under  circumstances  rendering  them  nugatory,  as  reason  informs 
us,  lor  the  ends  which  they  are  to  accomplish  (as  when  the  domesticated 
iseaver  builds  a  dam  across  its  apartment,  or  when  the  Bee  tries  to  pro- 
duce a  queen  from  drone-larvae),  is  an  additional  proof,  that  such  actions 
are  prompted,  like  the  excito-motor  and  consensual  movements  we  have 
been  just  mquiring-into,  by  an  impulse  wliich  immediately  results  from  a 
particular  impression  or  sensation,  and  not  by  anticipation  of  the  effect 
which  the  action  will  produce.* 

682.  So  far  as  can  be  determined  by  the  foregoing  tests,  we  find  the 
comparative  predominance  of  the  Instinctive  actions  and  the  Intelligent, 
to  be  in  close  accordance  with  the  relative  development  of  the  Cranio- 
spinal Axis  and  the  Cerebrum.  And  since  some  of  the  actions  which  have 
been  designated  as  Instinctive,  such  as  that  of  sucking  in  the  Infant 
(§  677),  have  been  shown  to  be  purely  '  excito-motor,'  not  even  involving 
consciousness,  we  seem  fully  justified  in  the  conclusion,  that  the  Instinctive 
actions  of  animals  are  truly  'automatic'  in  their  character,  and  that  they 
are  performed  by  the  instrumentaHty  of  the  Cranio-Spinal  Axis  in  Yerte- 
brata,  and  of  the  Ganglia  which  correspond  to  them  in  Invertebrated 
animals.  We  must  look  for  their  origin,  then,  in  impressions  made  upon 
the  afferent  nerves,  either  by  external  objects,  or  by  changes  taking  place 
in  the  internal  organisation  (such,  for  example,  as  the  periodic  develop- 
ment of  the  sexual  organs) ;  which  impressions  will  excite  respondent  or 
'reflex'  movements,  either  through  the  ganglia  of  'sensori-motor'  or  those 
of  '  excito-motor'  action,  according  as  they  are,  or  are  not,  of  a  nature  to 
require  the  consciousness  of  the  animal  to  be  called-foi-th,  as  a  link  in  the 
chain  of  their  operation  upon  the  muscular  system,  t 

683.  But  we  may  trace  the  agency  of  the  Sensory-Ganglia,  in  Man 

*  See  Prof.  Alison's  Article  'Instinct,'  in  "Cyclop,  of  Anat.  and  Phys.,"  Vol.  III. 

f  The  highest  development  of  the  purely  Instinctive  tendencies,  with  the  least  inter- 
ference of  Intelligence,  is  to  he  found  in  the  class  of  Insects ;  and  above  all  in  the  order 
Hymenoptera,  and  in  that  of  Neuroptera,  which  is  nearly  allied  to  it.  It  is,  of  course, 
impossible  to  draw  the  line  between  the  two  sources  of  action,  with  complete  precision ; 
but  we  observe,  in  the  habits  of  Bees  and  other  social  Insects,  every  indication  of  the 
limitation  of  the  power  of  choice,  and  of  the  domination  of  instinctive  propensities  called 
into  action  by  sensations.  Thus,  although  Bees  display  the  greatest  art  in  the  construc- 
tion of  their  habitations,  and  execute  a  variety  of  curious  contrivances,  beautifully  adapted 
to  variations  in  their  circumstances,  the  constancy  with  which  individuals  and  communities 
will  act  alike  under  the  same  conditions,  appears  to  prechide  the  idea  of  their  possessing 
any  inherent  power  of  spontaneously  departing  from  the  line  of  action,  to  which  they  are 
tied-down  by  the  constitution  of  their  Nervous  system.  We  do  not  find  one  individual  or 
one  community  clever,  and  another  stupid ;  nor  do  we  ever  witness  a  disagreement,  or  any 
appearance  of  indecision,  as  to  the  course  of  action  to  be  pursued  by  the  several  members 
of  any  republic.  The  actions  of  all  tend  to  one  common  end,  simply  because  they  are  per- 
formed in  respondence  to  impulses,  which  all  alike  share.  For  a  Bee  to  be  destitute  of  its 
peculiar  tendency  to  buUd  at  certain  angles,  would  be  as  remarkable  as  for  a  Human  being 
to  be  destitute  of  the  desire  to  eat,  when  his  system  should  require  food. — Still  the  Author 
would  by  no  means  maintain  that  there  are,  even  among  Bees,  no  manifestations  of  Intel- 
ligence ;  for  a  careful  study  of  their  habits  shows  that  they  do  profit  by  experience,  in  a 
manner  that  shows  a  certain  amount  of  educability.  And  this  faculty  may  not  improbably 
be  connected  with  the  presence  of  a  rudimentary  Cerebrum,  which  is  capable  of  being  dis- 
tinguished from  the  Sensorial  centres  that  constitute  the  principal  part  of  their  Cephalic 
Ganglia.  See  the  Memoirs  of  M.  Dujardin  '  Sur  le  Cerveau  des  Insectes,'  and  'Sur  les 
Aetes  qui,  chez  les  Abeilles,  peuvent  etre  rapportes  k  I'lntelligence,'  in  "Ann.  des  Sci. 
Nat.,"  3«  Ser.,  Zool.,  Tom.  XIV.,  XVIII. 
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and  the  higher  Yertebrata,  not  merely  in  their  direct  and  independent 
operation  on  the  Muscular  system,  but  also  in  the  manner  m  which  they 
participate  in  all  Voluntary  actions.     There  can  be  no  doubt  that,  in 
every  exertion  of  the  Will  upon  the  muscular  system,  we  are  guided  by 
theYensations  communicated  through  the  afferent  nerves,  which  indicate 
to  the  Sensorium  the  state  of  the  muscle.     Many  interesting  cases  are 
on  record,  which  show  the  necessity  of  this  'Muscular  Sense    for  dete  - 
mining  voluntary  contraction  of  the  muscle.    Thus,  Sir  0  Bell  (who  first 
prominently  dii-ected  attention  to  this  class  of  facts,  under  the  designa- 
tion of  the  Nervous  Circle),  mentions  an  instance  of  a  woman,  who  was 
deprived  of  it  in  her  arms,  without  losing  the  motor  power;  and  who 
stated,  that  she  could  not  sustain  anything  in  her  hands  (not  even  her 
child),  by  the  strongest  effort  of  her  Will,  unless  she  kept  her  eyes  con- 
stantly fixed  upon  it;  the  muscles  losing  their  power,  and  the  hands 
dropping  the  object,  as  soon  as  the  eyes  were  withdrawn  from  it.  Mere 
the  employment  of  the  visual  sense  suppHed  the  deficiency  of  the  muscular; 
but  instead  of  being  inseparably  connected,  as  the  latter  is  m  the  state  oi 
health,  with  the  action  of  the  muscle,  the  former  could  be  only  brought 
to  bear  upon  it  by  an  effort  of  the  wiU;  and  the  sustaining  power  was 
therefore  dependent,  not  upon  the  immediate  influence  of  the  will  upon 
the  muscle,  but  upon  the  volimtary  direction  of  the  sight  towards  the 
object  to  be  supported.— Again,  in  the  production  of  vocal  sounds,  the 
nice  adjustment  of  the  muscles  of  the  larynx,  whicb  is  requisite  to  pro- 
duce determinate  tones  (§§  734-736),  can  only  be  learned  in  the  first 
instance  under  the  guidance  of  the  sensation  of  the  sounds  produced,  and 
can  only  be  effected  by  an  act  of  the  Will,  in  obedience  to  a  mental  con- 
ception (a  sort  of  inward  sensation)  of  the  tone  to  be  uttered ;  which, 
conception  cannot  be  formed,  unless  the  sense  of  hearing  has  previously 
brought  similar  tones  to  the  mind.     Hence  it  is,  that  persons  who  are 
born  deaf,  are  also  dv/mh.    They  may  have  no  malformation  of  the  organs 
of  speech ;  but  they  are  incapable  of  uttering  distinct  vocal  sounds  or 
musical  tones,  because  they  have  not  the  guiding  conception,  or  recalled 
sensation,  of  the  nature  of  these.  By  long  training,  and  by  efforts  directed 
by  the  muscular  sense  of  the  larynx  itself,  some  persons  tbus  circum- 
stanced have  acquired  the  power  of  speecb ;  but  the  want  of  a  sufficiently 
definite  control  over  the  vocal  muscles,  is  always  very  evident  in  their 
use  of  the  organ. — The  conjoint  movement  of  the  two  eyes,  which  concur 
to  direct  their  axes  towards  the  same  object,  are  among  tbe  most  interest- 
ing of  these  actions,  in  which  Volition  and  Consensual  action  are  alike 
concerned ;  and  they  afford  an  excellent  illustration  of  the  necessity  for 
guiding  sensations,  to  determine  the  actions  of  muscles.    The  sensations, 
however,  are  not  so  much  those  of  the  muscles  themselves,  as  those 
received  through  the  visual  organ;  but  the  former  appear  capable  of 
continuing  to  guide  the  harmonious  movements  of  the  eyeballs,  when 
the  sense  of  sight  has  been  lost.    It  is  a  striking  peculiarity  of  these 
movements,  that,  in  the  majority  of  them,  two  muscles  or  combinations 
of  muscles  of  opposite  action  are  in  operation  at  once;  thus,  when  the 
eyes  are  made  to  rotate  in  a  horizontal  plane,  the  internal  rectus  of  one 
side  acts  with  the  external  rectus  of  the  other. — In  most  other  cases, 
there  is  a  difficulty  in  performing  two  opposite  movements  on  the  two 
sides,  at  the  same  time.    Thus  although,  if  we  move  the  right  hand  as  if 
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Winding  on  a  reel,  and  afierwrn-cls  make  the  left  hand  revolve  in  a 
contrary  direction,  no  difficulty  is  experienced;  yet  if  we  attempt  to 
move  the  two  at  the  same  time  in  contrary  directions,  we  shall  find  it 
almost  impossible. 

684  It  is  not  difficult  to  account,  on  the  foregoing  principles,  for  the 
pu  •  .  ^^^^  ^  sowYGQ  of  great  perplexity  to  Metaphysicians  and 
i'iiysiologists, — that  movements  which  were  at  first  performed  Volun- 
tarily, and  which  even  required  a  distinct  effort  of  the  Will  for  each,  may 
become,  by  habitual  repetition,  so  far  independent  of  the  will,  that  they 
are  performed  when  the  whole  attention  of  the  mind  is  bestowed  upon 
some  other  train  of  action.  Thus  we  all  know  that,  in  walking  along  an 
accustomed  road,  we  frequently  occupy  oui-  minds  with  some  perfectly 
continuous  chain  of  reasoning;  and  yet  our  limbs  continue  to  move  under 
us  with  regularity,  until  we  are  surprised  by  finding  ourselves  at  the  place 
of  our  destination,  or  perhaps  at  some  other,  which  we  had  not  intended 
to  visit,^  but  to  which  habit  has  conducted  us.  Or  we  may  read  aloud  for 
a  long  time,  without  having  in  the  least  degree  comprehended  the  meaning 
of  the  words  we  have  uttered;  our  attention  having  been  closely  engaged 
by  some  engrossing  thoughts  or  feelings  within.  Or  a  musician  may  play 
a  well-known  jDiece  of  music,  whilst  carrying-on  an  animated  conversa- 
tion.— Some  Metaphysicians  have  explained  these  facts  by  supposing,  that 
(as  the  mind  cannot  will  two  diffijrent  things  at  the  same  time)  the  Voli- 
tion is  in  a  sort  of  vibratory  condition  between  the  two  sets  of  actions, 
now  prompting  one  and  now  the  other.  But  it  would  seem  much  more 
conformable  to  the  analogy  afforded  by  other  physiological  phenomena, 
to  regard  these,  with  Hartley,  as  'secondarily  automatic;'  that  is,  as 
taking  the  place,  in  Man,  of  those  actions  which  are  primarily  and  purely 
automatic  in  many  of  the  lower  animals,  in  virtue  of  the  tendency  which 
may  be  noticed  in  the  whole  of  his  organisation,  but  which  is  pre- 
eminently remarkable  in  his  Nervous  System,  to  develope  itself  in  the 
mode  in  which  it  is  habitually  exercised.  We  shall  see  that,  even  when 
most  purely  Voluntary,  these  actions  are  performed  by  the  instrument- 
ality of  the  automatic  apparatus  (§  693);  and  under  the  influence  of  habit, 
the  movements  become  gradually  linked-on  to  the  sensations  which  at 
first  guided  them,  in  such  a  manner  that  the  latter  at  last  come  to  be 
themselves  adequate  exciters  of  the  movement,  when  the  series  has  been 
once  commenced  by  an  exertion  of  the  will.  It  has  been  thought  by 
some  to  be  a  sufficient  proof  of  the  voluntary  nature  of  these  movements, 
that  we  can  check  them  at  any  time  by  an  effort  of  the  will ;  but  this 
we  do,  only  when  the  attention  has  been  recalled  to  them,  so  that  the 
Cerebrum,  liberated  as  it  were  from  its  previous  self-occupation,  resumes 
its  usual  play  upon  the  automatic  centres.  In  the  performance  of  such 
habitual  actions,  it  would  seem  as  if,  the  first  start  having  been  given 
by  the  will,  the  sensation  involved  in  each  movement  becomes  the 
stimulus  to  the  next,  and  so  on,  until  the  habitual  series  is  concluded, 
or  the  attention  is  called-back  to  them. — This  view  is  confirmed  by 
the  fact,  that  in  cases  of  severe  injury  of  the  Brain,  in  which  Intelligence 
and  Will  seem  completely  in  abeyance,  actions  that  have  become  habitual 
may  often  be  excited. 

685.  That  the  Cerehellwm  is  in  some  way  connected  with  the  powers 
of  motion,  might  be  inferred  from  its  connection  with  the  antero-lateral 
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columns  of  the  Si^inal  Cord,  as  well  as  with  the  posterior ;  and  the  com- 
parative size  of  the  organ,  in  different  orders  of  Vertebrated  animals, 
gives  us  some  indication  of  what  the  nature  of  its  function  may  be.  For 
we  find  its  degree  of  development  to  correspond  pretty  closely  with  the 
vaiiety  and  complexity  of  the  Muscular  movements,  which  are  habitually 
executed  by  the  species;  the  organ  being  the  largest  in  those  animals, 
which  require  the  combined  effort  of  a  great  variety  of  muscles  to  main- 
tain their  usual  position,  or  to  execute  their  ordinary  movements ;  whilst 
it  is  the  smallest  in  those,  which  require  no  muscular  exertion  for  the 
one  ptu-pose,  and  little  combination  of  different  actions  for  the  other. 
Thus  in  animals  that  habitually  rest  and  move  upon  four  legs,  which  is 
the  case  with  most  Reptiles,  there  is  comparatively  little  occasion  for  any 
organ  to  combine  and  harmonize  the  actions  of  their  several  muscles ; 
and  in  these,  the  Cerebellum  is  usually  small.    But  among  the  more 
active  predaceous  Fishes  (as  the  Shark),  Birds  of  the  most  powerful  and 
varied  flight  (as  the  Swallow),  and  such  Mammals  as  can  maintain  the 
erect  position,  and  can  use  their  extremities  for  other  purposes  than  sup- 
port and  motion,  we  find  the  Cerebellum  of  much  greater  size,  relatively 
to  the  remainder  of  the  Encephalon.    There  is  a  marked  advance  in  this 
respect,  as  we  ascend  through  the  series  of  Quadrumanous  j^^nimals,  from 
the  Baboons,  which  usually  walk  on  all-fours,  to  the  semi-erect  Apes, 
which  often  stand  and  move  on  their  hind-legs  only.  The  greatest  develop- 
ment of  the  Cerebellum  is  found  in  Man,  who  surpasses  all  other  animals 
in  the  number  and  variety  of  the  combinations  of  muscular  movement 
which  his  ordinary  actions  involve,  as  well  as  of  those  which  he  is  capable, 
by  practice,  of  learning  to  execute. — From  experiments  upon  all  classes 
of  Vertebrated  animals,  it  has  been  found  that,  when  the  Cerebellum  is 
removed,  the  power  of  walking,  springing,  flying,  standing,  or  maintaining 
the  equilibrium  of  the  body,  is  destroyed.    It  does  not  seem  that  the 
animal  has  in  any  degree  lost  the  voluntary  power  over  its  individual 
muscles ;  but  it  cannot  combine  their  actions  for  any  general  movements 
of  the  body.    The  reflex  movements,  such  as  those  of  respiration,  remain 
unimpaired.    When  an  animal  thus  mutilated  is  laid  on  its  back,  it  can- 
not recover  its  former  posture;  but  it  moves  its  limbs,  or  flutters  its 
wings,  and  evidently  is  not  in  a  state  of  stupor.    When  placed  in  the 
erect  position,  it  staggers  and  falls  like  a  drunken  man;  not,  however, 
without  making  efforts  to  maintain  its  balance.    Phrenologists,  who  at- 
tribute a  different  function  to  the  Cerebellum,  have  attempted  to  put 
aside  these  results,  on  the  ground  that  the  severity  of  the  operation  is 
alone  sufficient  to  produce  them;  but,  as  we  have  already  seen  (§  678), 
many  animals  may  be  subjected  to  a  much  more  severe  operation,  the  re- 
moval of  the  Cerebral  hemispheres,  without  the  loss  of  the  power  of  com- 
bining and  harmonizing  the  muscular  actions,  provided  the  Cerebellum 
be  left  uninjured.— Thus,  then,  the  idea  of  the  functions  of  the  Cerebellum 
which  we  derive  from  Comparative  Anatomy,  seems  fully  borne-out  by 
the  results  of  experiment ;  and  it  is  also  consistent  with  the  conclusions 
to  which  observation  of  Pathological  phenomena  seems  to  lead  Some 
of  these  phenomena,  however,  appear  to  indicate  that  either  the  median 
lobe  ot  the  Cerebellum,  or  some  collection  of  ganglionic  matter  in  its 
yicmity,  is  the  centre  of  sexual  sensibility,  which  seems  to  be  distinct  from 
'common'  or  'tactile'  sensibility. 
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686.  It  appears  to  be  throxigli  tlie  instrumentality  of  the  Cerebrv/ni  or 
Hemispheric  Ganglia,  that  the  sensations  awakened  in  the  Sensorium  give 
rise  to  Ideas;  which  then  become  the  material  (so  to  speak)  of  all  the 
higher  psychical  operations.  It  is  not  alone,  however,  by  the  exercise  of 
the  Reasoning  faculties,  leading  to  Volitional  determinations,  that  mental 
states  react  upon  the  motor  apparatus :  for  we  find  that  not  only  does 
emotional  excitement  give  rise  to  movements,  which  are  as  involuntary  as 
the  automatic,  and  which  the  reason  and  will  may  in  vain  endeavour  to 
keep  in  check ;  but  that  muscular  movements  may  also  proceed  directly 
from  ideas  which  have  possession  of  the  mind,  and  this  especially  when 
the  controlling  power  of  the  Will  is  weakened  or  withdrawn,  as  happens 
in  Man,  in  the  states  of  Somnambulism,  Reverie,  &c.  Such  movements 
may  be  considered  to  depend  on  a  'reflex  action'  of  the  Cerebrum,  just 
as  the  ' excito-motor'  and  'consensual'  classes  of  movements  are  depen- 
dent on  the  'reflex  action'  of  the  Spinal  Cord  and  Sensory  Ganglia 
respectively.  And  there  is  strong  ground  for  the  belief,  that  much  of 
what  is  attributed  to  '  Intelligence'  among  the  lower  animals,  and  in 
human  childhood,  must  be  set  down  to  this  automatic  operation  of  the 
instrumental  organ  of  Thoiight. 

687.  It  has  been  supposed  by  some,  that  the  Emiolional  movements  of 
Man  and  the  higher  animals,  might  be  ranked  in  the  same  category  with 
the  Instinctive  actions  of  the  lower;  and  that  the  Desires  of  the  former 
are  comparable  to  the  Instinctive  Propensities  of  the  latter.  But  this 
comparison  is  erroneoiis;  for  such  'propensities,'  as  already  shown, 
are  nothing  else  than  tendencies  to  perform  given  movements  in  respon- 
dence  to  particular  sensations,  without  any  idea  of  the  pui'pose  of  the 
movement,  or  of  the  obj  ect  which  has  excited  it ;  whereas  an  '  emotion ' 
involves  an  idea  of  the  object  which  has  excited  it,  and  a  'desire'  involves 
a  conception  of  the  object  to  be  attained.  The  Imitative  tendency  'svill 
afibrd  a  good  example  of  the  difierence  between  a  'propensity'  and  a 
'  desire.'  The  former  is  manifested  in  such  imitative  actions  as  are  purely 
'  consensual,'  the  sensation  in  each  case  exciting  the  movement  auto- 
matically ;  as  when  we  yawn  involuntarily,  from  seeing  or  hearing  the 
action  performed  by  another ;  or  as  when  infants  learn  to  perform  many 
of  the  movements  which  they  witness  in  adults.  But  in  other  instances, 
imitative  actions  are  the  result  of  a  desire  to  perform  them,  which  involves 
a  distinct  idea  of  the  object;  and  are  at  the  same  time  a  source  of  pleasure 
to  the  performer,  which  is  the  spring  of  the  desire.  Thus  we  find  the 
two  sources  of  action  to  be  so  distinct,  that  the  tendency  to  involuntary 
or  automatic  imitation  may  be  very  strong  in  an  individual,  who  is  utterly 
unable  to  mimic  or  imitate  voluntarily,  and  who  has  no  conscious  incli- 
nation to  do  so ;  whilst  on  the  other  hand,  the  power  of  volitional  imita- 
tion may  co-exist  to  a  remarkable  extent,  with  an  absence  of  all  tendency 
to  '  catch'  peculiar  gestures,  pronunciations,  &c.,  involuntarily. 

688.  Now  when  the  Emotions  and  Moral  Feelings  ai-e  analyzed,  we 
find  them  to  be  complex  in  their  nature ;  being  made-up  by  the  associa- 
tion of  ideas,  which  are  Cerebral  in  their  seat,  with  the  simple /eeZmgfS 
of  pleasure  and  pain,  and  other  more  special  forms  of  Emotional  sensihility, 
which  are  probably  localized  in  the  Sensorium.  Thus,  Benevolence  may 
be  defined  to  be  the  pleasurable  idea  of  the  happiness  of  othei-s;  the 
whole  class  of  Selfish  emotions,  on  the  other  hand,  is  nothing  else  than 
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the  pleasurable  contemplation  of  objects  of  supposed  value  to  self;  Com- 
bativeness,  again,  is  the  pleasurable  idea  of  antagonism  to  others;  Vene- 
ration, the  pleasurable  contemplation  of  rank  or  perfections  superior  to 
our  own;  Hope,  the  pleasurable  anticipation  of  future  enjoyment; 
Cautiousness,  a  combination  of  the  painful  contemplation  of  future  evil, 
with  the  pleasui-ableidea  of  the  precautions  taken  to  prevent  it. — Now  when 
emotions  are  excited  by  external  sensations,  these  emotions  may  act 
downwards  through  the  automatic  system,  producing  movements  which 
may  be  in  direct  antagonism  to  the  Will.  Thus  we  may  see  or  hear 
something  ludicrous,  which  involuntarily  provokes  laughter,  although  we 
may  have  the  strongest  possible  motives  for  desiring  to  restrain  it.  The 
essential  distinctness  between  Emotional  and  "Volitional  actions  is  further 
indicated  by  this ;  that  cases  of  paralysis  not  unfrequently  occur  (especially 
in  the  facial  nerve,  through  which  the  muscles  of  *  expression'  are  for  the 
most  pai-t  excited  to  action),  in  which  the  muscles  are  obedient  to  an 
emotional  impulse,  though  the  will  exerts  no  power  over  them ;  whilst 
in  other  instances,  the  will  may  exert  its  due  influence,  and  yet  the 
emotional  state  cannot  manifest  itself.  There  are,  moreover,  several  dis- 
ordered states  of  the  nervous  system  (such  as  Chorea  and  Hysteria),  in 
which  irregular  or  convulsive  movements,  totally  unrestrainable  by  the 
will,  are  directly  consequent  upon  emotional  excitement. — The  purely 
Emotional  movements  are  not  always  directly  excited,  however,  by 
external  sensations ;  for  they  may  result  from  the  operations  of  the  Mind 
itself.  Thus,  involuntary  laughter  may  result  from  a  ludicrous  idea, 
called-up  by  some  train  of  association,  and  having  no  obvious  connection 
with  the  sensation  which  first  set  this  process  in  operation ;  and  the  various 
movements  of  the  face  and  person,  by  which  Actors  endeavour  to  express 
strong  Emotions,  are  most  eflFectual  in  conveying  their  meaning,  when 
they  result  from  the  actual  working  of  the  emotions  in  the  mind  of  the 
performer,  who  has,  by  an  effort  of  the  will,  identified  himself  (so  to  speak) 
with  the  character  he  personates.  A  still  more  remarkable  case  is  that, 
ia  which  paroxysms  of  Hysterical  convulsion,  in  themselves  beyond  the 
power  of  the  Will  to  excite  or  to  control,  are  brought-on  by  a  voluntary 
effort;  which  seems  to  act  by  getting-up,'  so  to  speak,  the  state  of  feeling 
which  is  the  immediate  cause  of  the  disordered  movements.  In  all  these 
instances,  and  others  of  like  nature,  it  would  seem  as  if  the  agency  of  the 
Cerebnim  produced  the  same  condition  in  the  Sensory  ganglia  and  their 
motor  fibres,  as  that  which  is  more  directly  excited  by  sensations  received 
through  their  own  afferent  nerves. — The  Emotions  are  concerned  in  Man, 
however,  in  many  actions  which  are  in  themselves  strictly  voluntary. 
Unless  they  be  so  strongly  excited  as  to  get  the  better  of  the  Will,  they 
do  not  operate  downwards  upon  the  motor  system,  but  upwards  upon  the 
Cerebral;  supplying  the  chief  motives  by  which  the  voluntary  determina- 
tions are  guided  (§  691). 

689.  Very  distinct  proof  has  been  afforded  by  recent  enquiries,  that 
there  are  acts  of  mind  upon  the  body,  which  are  neither  Volitional  nor 
Emotional,  but  originate  in  the  intense  excitement  of  Ideas,  which 
have,  for  the  time,  full  possession  of  the  consciousness,  and  express 
themselves  m  muscular  movements.  Such  ideas  may  have  been  either 
directly  excited  by  sensations,  or  secondarily  developed  by  reasoning  pro- 
cesses; they  may  either  remain  obstinately  fixed  in  the  mind,  or  they 
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may  be  capable  of  being  displaced  by  otliers  newly  excited  tlirougli  internal 
or  external  suggestion.  In  any  case,  nothing  more  is  required  than  that 
they  should  possess  a  certain  degree  of  intensity,  and  that  the  Will  should 
exert  no  antagonizing  influence,  for  them  to  operate  directly  upon  the 
motor  nerves;  and  this  they  may  do,  when  the  Will  is  in  a  state  of 
abeyance  (as  in  the  states  of  Dreaming,  Somnambulism,  or  Abstraction), 
or  when  it  simply  exerts  a  permissive  influence  (as  in  a  large  proportion 
of  our  ordinaiy  actions,  which  may  be  traced  to  the  direct  influence  of 
the  ideas  that  occupy  our  minds  at  the  time),  or  even,  provided  that  the 
ideas  attain  the  force  of  '  convictions,'  in  opposition  to  the  Will  (as  we  see 
in  'biologized'  subjects  who  are  made  to  believe  that  they  must  do  this, 
or  cojnnot  do  iliat,  however  much  they  may  strive  to  act  in  opposition  to 
the_  assurance).  It  is  in  those  peculiar  states  of  the  Human  Mind,  in 
which,  the  power  of  the  Will  over  the  current  of  Thought  being  entirely 
suspended,  any  Idea  that  may  for  the  time  be  present  to  the  consciousness 
acquires  a  complete  '  dominance'  (however  much  it  may  be  opposed  to  the 
ordinary  experience  and  common-sense  of  the  individual),  that  we  have 
the  most  remarkable  exemplification  of  this  kind  of  action,  which  may  be 
designated  as  ideo-motor.  But  that  which  is  abnormal  in  Man,  seems  to 
be  the  normal  condition  of  the  Animals  which  most  nearly  approach  him ; 
for,  so  far  as  we  can  judge  of  their  psychical  endowments  from  theii' 
actions,  these  seem  to  opei*ate  'automatically;'  their  ideas  expressing 
themselves  directly  in  action,  without  being  subject  to  any  volitional 
regulation,  just  as  do  those  of  a  Somnambule;  and  the  course  of  their 
thoughts  being  entirely  governed  by  external  impressions,  or  by  the  re- 
membrance (automatically  excited)  of  past  ideas  or  emotions. 

690.  In  general,  however,  the  operation  of  Ideas  is  not  directly  to  call 
foi'th  movements,  but  to  suggest  other  ideas  in  a  more  or  less  orderly 
sequence,  constituting  what  is  known  as  a  train  of  thought.  The  nature 
of  this  sequence  will  depend  in  part  upon  the  original  constitution  of  the 
species  and  of  the  individual,  and  partly  (in  Man  especially)  upon  the  habits 
of  thought  which  may  have  been  previously  acquired :  and  the  capacity 
for  each  particular  mode  of  mental  activity,  which  may  thus  be  either 
'  original'  or  '  acquired,'  is  designated  a  mental  faculty ;  whilst  the  siim  of 
all  the  faculties,  together  with  those  Emotional  tendencies  which  in  great 
degree  determine  the  mode  and  degree  of  their  exercise,  constitutes  the 
character. — Among  these  faculties,  of  which  the  Cerebrum  seems  to  be  the 
instrument,  the  following  may  be  specified  as  of  fundamental  importance. 
That  of  Memory,  which  is  one  of  those  first  awakened  in  the  opening 
mind  of  the  Infant,  and  one  of  which  we  find  traces  in  animals  that  seem 
to  be  otherwise  governed  by  pure  Instinct,  is  obviously  the  first  step  to- 
wards the  exercise  of  the  Reasoning  powers;  since  no  experience  can  be 
obtained  without  it;  and  the  foundation  of  all  intelligent  adaptation  of 
means  to  ends,  lies  in  the  application  of  the  knowledge  which  has  been 
acquired  and  stored-up  in  the  mind.  There  is  strong  reason  to  believe 
that  no  impression  of  this  kind,  once  made  upon  the  Cerebrum,  is  ever 
entirely  lost,  except  through  disease  or  accident,  which  wiU  frequently 
destroy  the  memory  altogether,  or  will  annihilate  the  recollection  of  some 
particular  class  of  objects  or  of  words.  All  memory,  however,  seems  to 
depend  upon  the  principle  of  Suggestion;  one  idea  being  linked  with 
another,  or  with  a  particular  sensation,  in  such  a  manner  as  to  be  called- 
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UP  by  its  recurrence;  and  a  period  of  many  years  frequently  intervenes, 
without  that  combination  of  circumstances  presenting  itself,  which  is 
requisite  to  ai-ouse  the  dormant  impression  of  some  early  event,  bome- 
times  this  combination  occurs  in  dreaming,  delirium,  or  insanity;  and 
ideas  are  recalled,  of  which  the  mind,  in  a  state  of  healthy  activity,  has 
no  remembrance.-It  is  upon  the  ideas  dii-ectly  aroused  m  the  mind  by 
Sensorial  changes,  or  brought  back  to  the  consciousness  _  by  Recollection 
or  evolved  by  the  process  of  Reflection  (in  which  the  mmd  perceives  its 
own  operations,  and  traces  relations  amongst  its  objects  ot  thought),  or 
c/enerated  by  the  Imagination  (which  really  acts,  however,  rather  by  com- 
binin<^  into  new  forms  than  by  creating  altogether  de  novo),  that  ail  acts 
of  Reasoning  are  based.  These  consist,  for  the  most  part,  m  the  aggre- 
gation and  coUocation  of  ideas,  the  decomposition  of  complex  ideas  into 
more  simple  ones,  and  the  combination  of  simple  ideas  into  general 
expressions;  in  which  are  exercised  the  faculty  of  Gomimrison,  by  which 
the  relations  and  connections  of  ideas  are  perceived,— that  of  Abstraction, 
by  which  the  attention  is  fixed  on  any  particular  qualities  of  the  object 
of  our  thought,  and  isolated  from  the  rest,— and  that  of  Generalisation, 
by  which  we  grasp  in  our  minds  some  definite  notions  in  regard  to  the 
general  relations  of  those  objects.  Notwithstanding  that  such  processes 
are  distinguished  by  their  psychical  nature  from  those  already  considered, 
they  must  be  regarded  as  in  themselves  essentially  '  automatic,'  and  as 
constituting  the  manifestation  of  the  'reflex'  activity  of  the  Cerebrum. 
There  is,  it  is  true,  far  less  of  uniformity  among  them,  than  we  observe  in 
the  reflex  actions  of  other  parts  of  the  Nervous  Centres ;  but  this  want 
of  constancy  seems  attributable  in  part  to  diversities  in  the  original  con- 
stitution of  the  organ  in  difierent  individuals,  and  in  part  to  diversities 
in  its  acquired  constitution,  arising  out  of  the  mode  in  which  they  have 
been  habitually  exercised,  as  in  the  case  of  the  'secondarily-automatic' 
actions  of  the  Cranio-Spinal  axis  (§  684).  These  Mental  operations,  how- 
ever, are  peculiarly  amenable  to  the  control  of  the  "Will ;  by  which  the 
attention  is  directed  to  any  one  object  of  thought,  to  the  exclusion  of  others, 
and  the  whole  power  of  the  Intellect  thus  concentrated  upon  it  (§  692). 

691.  The  purely  Intellectual  processes  are  those  chiefly  concerned  in 
the  simple  acquirement  of  Knowledge ;  with  which  class  of  operations, 
the  Emotional  part  of  our  nature  has  very  little  participation.  But  in 
those  modes  of  exercise  of  our  Reasoning  powers,  which  are  chiefly  con- 
cerned in  the  determination  of  our  conduct,  the  Emotions,  &c.,  are  largely 
concerned.  They  chiefly  (if  not  solely)  act  upon  the  reasoning  powers, 
by  modifying  the  form  in  which  the  ideas  are  presented  to  the  mind ; 
whether  these  ideas  are  dii-ectly  excited  by  external  Sensations,  or  whether 
they  are  called-up  by  an  act  of  the  Memory,  or  result  from  the  exercise 
of  the  Imagination.  For  as  they  essentially  consist  of  pleasurable  or 
painful  feelings,  connected  with  certain  classes  of  ideas,  the  former  pi-o- 
duce  a  desire  of  the  objects  to  which  they  relate,  the  latter  a  repugnance 
to  them.  They  thus  have  a  most  important  influence  upon  the  Judgmerot, 
which  is  formed  by  the  compaiison  of  certain  kinds  of  ideas ;  and  they 
may  consequently  modify  the  Volitional  determination,  or  act  of  the 
Will,  which  is  consequent  upon  this,  and  which  may  either  be  directed 
towards  the  further  operations  of  the  mind  itself,  or  may  exert  an  imme- 
diate influence  on  the  bodily  frame,  by  the  agency  of  the  Nervous  System. 
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In  either  case,  it  is  the  characteristic  distinction  of  a  Volitional  operation 
that  means  are  ^ntent^onally,  and  by  a  conscious  effort,  adapted  to  ^Tln 
accordance  with  the  belief  of  the  mind  as  to  their  mutml  relations.  Upon 
the  coiTectness  of  that  decision,  will  depend  the  power  of  the  action  to 
accomplish  what  the  mind  had  in  view. 

•  The  power  of  the  Will,  when  folly  developed  in  Man,  is  espe- 
cially exerted  m  controlling  and  directing  the  'automatic'  activity  of  the 
Cerebrum ;  regulating  the  course  and  succession  of  Ideas,  as  well  as  the 
degree  of  Emotional  excitement,  by  its  power  of  fixing  the  attention  on 
any  object  of  thought  which  it  may  determine  to  pursue,  and  of  with- 
drawing It  from  whatever  it  may  desire  to  keep  out  of  the  mental  view 
Ihis  seems  to  be  the  most  distinctive  attribute  of  the  Human  mind  in  its 
highest  phase  of  evolution ;  and  it  is  this  which  gives  to  each  indi^-idual 
tliat  treedom  of  action,  which  every  one  is  conscious  to  himself  that  he  is 
capable  of  exertmg.  For,  notwithstanding  the  evidences  of  rationality 
which  many  of  the  lower  animals  present,  and  the  manifestations  which 
they  display  of  emotions  that  are  similar  to  our  own,  there  is  no  gi-ound  to 
believe  that  they  have  any  of  that  controlling  power  over  the  psychical 
operations,  which  we  enjoy ;  on  the  contrary,  all  observation  leads  to 
the  conclusion,  that  they  are  under  the  complete  domination  of  the  ideas 
and  emotions  by  which  they  are  for  the  time  possessed,  and  have  no 
power  either  of  repressing  these  by  a  forcible  effort  of  the  Will,  or  of 
turning  the  attention,  by  a  like  determinate  effort,  into  another  channel. 
In  the  early  stages  of  the  development  of  the  Human  mind,  a  precisely- 
similar  state  may  be  observed ;  the  course  of  thought  in  the  young  child 
being  entirely  governed  by  '  suggestion,'  and  his  actions  being  the  expres- 
sion of  the  idea  that  may  happen  at  the  time  to  be  'dominant'  in  his 
mind.  And  there  are  adults  who  have  acquired  so  little  of  this  power  of 
self-control,  that  they  can  scarcely  be  said  to  be  truly-Vobmtary  agents  ; 
some  being  so  much  accustomed,  in  consequence  of  the  weakness  of  their 
Will,  to  act  directly  upon  the  idea  or  emotion  that  may  gain  a  momentary 
prominence  in  their  minds,  and  being  thus  characterized  by  an  infirmity 
of  purpose  which  may  amount  to  actual  imbecility;  whilst  others  allow 
certain  dominant  ideas  or  habitual  feelings  to  gain  such  a  mastery  over 
them,  as  to  exercise  that  determining  power  which  the  Will  alone  ought 
to  exert,  thus  approaching  the  '  mono-maniacal '  form  of  Insanity.  On 
Man's  power  of  self-direction,  all  the  highest  development,  alike  of  his 
Intellectual  powers  and  of  his  Moral  nature,  essentially  depends  ;  and  it  is 
especially  by  this  progressive  element  in  his  psychical  constitution,  that  it 
is  distinguished  from  that  of  the  lower  animals. — The  power  of  the  Will 
to  direct  the  course  of  thought,  however,  is  not  imlimited ;  for  it  can  only 
utilize  the  capacities  which  each  individual  possesses,  by  selecting  from 
those  ideas  and  feelings  which  may  present  themselves  to  his  consciousness, 
such  as  he  desires  to  retain  and  employ ;  thus  cultivating  and  strengthen- 
ing his  Intellectual  powers,  expanding  and  elevating  his  Imagination,  and 
training  and  disciiDlining  his  Moral  nature.  The  Will  has  no  power  of 
directly  bringing  before  the  mind  that  which  is  not  already  present  to  it ; 
and  thus  it  cannot  introduce  new  elements  into  any  Man's  psychical  na- 
ture, although  it  enables  him  to  tui'n  to  the  most  advantageous  account 
whatever  he  may  possess.  Hence  arises  that  limitation  of  his  capacity  for 
progress,  which  is  involved  in  the  very  nature  of  his  present  existence. 
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693.  Althougli  Physiologists  have  been  accustomed  to  regard  the  Will 
as  directly  determining  all  those  muscular  movements  which  are  usually 
distiuc^uished  as  Voluntary,  yet  a  careful  analysis  of  the  process  fully 
bears-out  the  inferences  which  might  be  erected  upon  the  considerations 
already  advanced,— that  the  influence  of  the  Will  is  not  directly  con- 
veyed to  the  muscles  by  fibres  beginning  in  the  Cerebral  convolutions  and 
proceecUng  to  the  muscles,  but  that  it  is  exerted  through  the  Cranio- 
spinal axis.  For  it  has  been  shown  that  this  collection  of  centres  (the 
Sensory  Ganglia,  Medulla  Oblongata,  and  Spinal  Cord)  receives  all  the 
sensory  nerves,  and  gives  origin  to  all  the  motor;  and  that  the  fibres 
which  pass  between  the  cerebral  convolutions  and  the  sensory  ganglia, 
probably  serve  merely  to  bring  these  organs  into  mutual  relation,  and 
are  not  continuous  with  those  of  any  nerves,  either  sensory  or  motor. — 
Now  every  one  who  has  attentively  considered  the  nature  of  what  we 
are  accustomed  to  call  volwntary  action,  has  been  struck  with  the  fact, 
that  the  Will  simply  deteimines  the  result,  not  the  special  movements  by 
which  that  result  is  brought-about.  If  it  were  otherwise,  we  should  be 
dependent  upon  our  anatomical  knowledge,  for  our  power  of  performing 
even  the  simplest  movements  of  the  body.  Again,  there  are  very  few 
cases  in  which  we  can  single-out  any  individual  muscle,  and  put  it  in 
action  independently  of  others ;  and  the  cases  in  which  we  can  do  so,  are 
those  in  which  a  single  muscle  is  concerned  in  producing  the  result, — as 
in  the  elevation  of  the  eyelid ;  and  we  then  really  single-out  the  muscle, 
by  '  willing'  the  result.  Thus,  then,  however  startling  the  position  may 
at  first  appear,  we  have  a  right  to  aflS.rm  that  the  Will  cannot  exert  any 
direct  or  immediate  power  over  the  muscles ;  but  that  its  detenninations 
are  carried  into  effect  thi'ough  an  intermediate  mechanism,  which, 
without  any  further  guidance  on  our  own  parts,  selects  and  combines  the 
particular  muscles  whose  contractions  are  requisite  to  produce  the  desired 
movement.  We  have  seen  that  the  Sensorium  (or  collection  of  sensory 
ganglia)  plays,  so  to  speak,  upon  the  Cerebrum ;  sending  to  it  sensational 
changes,  whereby  its  peculiar  activity  as  an  instrument  of  purely  mental 
operations  is  called  forth;  and,  in  return,  the  Cerebrum  appears  to  play 
downwards  upon  the  motor  portion  of  the  automatic  apparatus,  sending  to 
it  volitional  impulses,  which  excite  its  motorial  activity.  And,  hence,  it 
follows  that  all  the  movements  which  are  performed  by  the  instrumen- 
tality of  the  cerebro- spinal  nervous  system,  are  in  themselves  automatic; 
and  that  the  peculiarity  in  their  character, — whether  Excito-motor, 
Consensual,  Ideational,  Emotional,  or  Voluntary, — is  due  to  the  spe- 
ciality of  the  source  and  seat  of  the  impulses  which  respectively  originate 
them. 

694.  The  nerves  of  the  Sympathetic  System, — in  which  tubular  fibres 
derived  from  the  Cerebro-spinal  system  are  combined  in  various  propor- 
tions with  those  '  grey'  or  '  organic'  fibres  which  have  their  centres  in 
the  proper  Sympathetic  ganglia, — possess  a  certain  degree  of  power  of 
exciting  Muscular  contractions,  in  the  various  parts  to  which  they  are 
distributed.  Thus  by  irritating  them,  immediately  after  the  death  of 
an  animal,  contractions  may  be  excited  in  any  part  of  the  alimentary 
canal,  from  the  pharynx  to  the  rectum,  according  to  the  trunks  which 
are  irritated ;  in  the  heart,  after  its  ordinary  movements  have  ceased ;  in 
the  aorta,  vena  cava,  and  thoracic  duct;  in  the  ductus  choledochus, 
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Uterus,  fallopian  tubes,,  vas  deferens,  and  vcsiculiB  Beniinales.  But  the 
very  same  contractions  may  be  excited,  by  irritating  the  roots  of  the 
bpmal  nerves,  from  which  the  Sympathetic  trunks  receive  their  white 
nores;  and  there  is,  consequently,  strong  reason  to  believe,  that  the  motor 
power  ot  the  latter  is  entirely  dependent  upon  the  Cerebro-spinal  system 
W  hatever  semonj  endowments  the  Sympathetic  trunks  possess,  are  pro- 
bably to  be  referred  to  the  same  connection.  In  the  ordinary  condition 
ot  the  body,  these  are  not  manifested.  The  parts  exclusively  supplied  by 
bympathetic  trunks  do  not  appear  to  be  in  the  least  degi-ee  sensible  •  and 
no  sign  of  pain  is  given,  when  the  Sympathetic  trunks  themselves  are 
irritated.  But  m  certain  diseased  conditions  of  those  organs  violent 
pains  are  felt  m  them;  and  these  pains  can  only  be  produced,  throucrh 
the  medium  of  fibres  communicating  with  the  Sensorium  through  the 
spinal  nerves.— It  is  difficult  to  speak  with  any  precision,  as  to  the  func- 
tions of  the  Sympathetic  system.  There  is  much  reason  to  believe, 
however,  that  it  constitutes  the  channel,  through  which  the  passions  and 
emotions  of  the  mind  aifect  the  Organic  functions;  and  this  especially 
through  its  power  of  regulating  the  calibre  of  the  arteries.  We  have 
examples  of  the  influence  of  these  states  upon  the  Circulation,  in  the 
palpitation  of  the  heart  which  is  produced  by  an  agitated  state  of  feelinf^; 
in  the  Syncope,  or  suspension  of  the  heart's  action,  which  sometimes 
comes-on  from  a  sudden  shock ;  in  the  acts  of  Blushing  and  tm^niug  pale, 
which  consist  in  the  dilatation  or  contraction  of  the  small  arteries;  in 
the  sudden  increase  of  the  salivary,  lachrymal,  and  mammary  Secretions, 
under  the  influence  of  particular  states  of  mind,  which  increase  is  pro- 
bably due  to  the  temporary  dilatation  of  the  arteries  that  supply  the 
glands,  as  in  the  act  of  blushing;  and  in  many  other  phenomena.  It  is 
probable  that  the  Sympathetic  system  not  only  thus  brings  the  Organic 
functions  into  relation  with  the  Animal:  but  that  it  also  tends  to 
harmonize  the  former  with  each  other,  so  as  to  bring  the  various  acts 
of  Secretion,  Nutrition,  &c.,  into  mutual  conformity.  Of  the  distinctive 
function  of  the  '  grey'  or  '  organic'  fibres  and  of  their  ganglionic  centres, 
constituting  the  proper  visceral  system,  we  have  no  certain  knowledge ; 
but  they  not  improbably  may  have  some  direct  influence  upon  the  chemical 
processes  which  are  involved  in  such  changes,  and  may  thus  afiect  the 
quality  of  the  secretions;  whilst  the  office  of  the  tubular  fibres  may  be 
rather  to  regulate  the  diameter  of  the  blood-vessels  supplying  the  glands, 
and  thus  to  determine  the  quantity  of  their  products. 


3.  General  Summary. 

695.  A  retrospective  view  of  the  ground  over  which  we  have  now 
passed,  will  lead  us  to  some  interesting  conclusions. 

I.  It  has  been  shown  that  the  movements  occasionally  exhibited  in 
the  Yegetable  kingdom,  do  not  imply  the  existence,  in  its  members,  of 
Consciousness  or  of  a  guiding  Will ;  being  merely  dependent  upon  that 
property  of  contractility  upon  the  application  of  a  stimulus,  which  may 
be  regarded  as  due  to  the  peculiar  manner  in  which  the  elements  of  the 
contractile  tissues  are  combined  and  arranged.  Hence  Vegetables  may 
be  considered  as  peculiarly,  though  not  exclusively,  constituting  the  King- 
dom of  Organic  Life. 
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II.  In  immediate  connection  with  the  lowest  of  the  Vegetable  king- 
dom are  the  lowest  of  the  Animal  tribes,  the  Protozoa  and  lower  Radiata. 
Here  we  see  indications  of  the  same  simple  contractility  which  Plants 
enjoy;  but  this  has  a  more  important  relation  to  the  well-being  of  the 
indi^ddual,  and  forms  a  more  prominent  part  of  its  vital  actions.  The 
movements  which  they  exhibit,  are  not,  any  more  than  the  like  move- 
ments presented  by  Plants,  to  be  in  themselves  regarded  as  manifestations 
of  consciousness;  and  we  have  no  other  evidence  of  their  possession  of 
sensibility.  Still,  although  no  distinct  Nervous  System  can  be  detected 
in  them,  there  is  an  analogical  probability  that  some  feeling,  however 
obscure  and  indefinite,  is  excited  by  impressions  made  upon  them,  pro- 
bably resembling  that  which  we  ourselves  derive  ffom  states  of  the 
digestive  apparatus. 

III.  In  addition  to  the  movements  proceeding  from  the  direct  excite- 
ment of  contractile  tissues,  we  witness  others,  in  the  Hgher  Radiata,  and 
in  the  lower  Articulata  and  Mollusca,  which  are  consequent  upon  im- 
pressions made  on  distant  parts  and  transmitted  through  the  nervous 
system ;  and  some,  even,  which  seem  to  be  j)erformed  under  the  guidance 
of  sensation;  although  none  which  clearly  evince  intelligence  and  design 
on  the  part  of  the  animals  themselves.  Proceeding  still  further,  we 
observe  these  '  instinctive'  movements  becoming  more  complex  in  their 
character,  and  more  refined  and  special  in  their  objects;  imtil  we  anive 
at  the  class  of  Insects,  which  seem  to  possess  the  highest  development  of 
the  Instinctive  faculties,  of  any  known  animals.  But  we  do  not  find  Intel- 
ligence by  any  means  increasing  in  the  same  ratio.  On  the  contrary,  it 
remains  very  low;  and  its  power  of  modifying  the  dictates  of  Instinct, 
when  these  happen  (firom  particular  causes)  to  be  erroneous,  is  very 
slight.  If  we  further  inquire,  in  what  orders  of  Insects  this  power  is 
most  strikingly  manifested,  we  shall  have  little  hesitation  in  fixing  upon 
the  Hymenoptera  and  Neuroftera ;  which  include  the  Bee,  Wasp,  Ant, 
Wliite-Ant,  and  other  social  Insects. — ]SI"ow  it  is  not  a  little  remarkable, 
that  Insects  should,  of  all  classes  of  Animals^  be  most  distinguished  for 
locomotive  power  (as  compared  with  their  size);  and  that,  of  all  Insects, 
the  Hymenoptera  and  Neuroptera  possess  this  power  in  the  highest 
degree.  It  is  evident  that  the  higher  kinds  of  instinctive  actions, 
including  the  peculiar  endowments  of  the  nervous  and  muscular  systems 
just  referred-to,  have  for  their  object  the  maintenance  of  animal  life,  as 
distinguished  on  the  one  hand  from  the  mere  organic  life  of  Vegetables, 
and  from  the  mental  or  psychical  life  of  higher  beings,  on  the  other. 
Hence  we  should  regard  Insects,  and  especially  the  Hymenoptera  and 
N^europtera,  as  typical  of  the  Kingdom  of  Animal  Life.  In  tliis,  we  find 
the  movements  which  are  produced  by  the  direct  contractility  of  the 
tissues  stimulated,  bearing  a  smaller  and  still  smaller  proportion  to  the 
whole ;  and  at  last  restricted  merely  to  the  parts  immediately  concerned 
in  the  maintenance  of  the  organic  functions,  with  which  they  always 
remain  associated  (§  628). 

IV.  Ascending  from  the  Articulated  through  the  Vertebrated  series,  we 
observe  a  gradually-increasing  development  of  the  reasoning  powers  or 
Intelligence ;  and  a  gradual  fading-away  of  the  Instincts,  which  become 
subordinate  to  the  higher  psychical  faculties.  A  comparison  between  the 
habits  of  Birds  and  those  of  Insects,  will  put  this  in  a  striking  lialit 
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Several  points  of  structural  and  physiological  correspondence  exist  be- 
tween these  two  classes,  indicating  that  they  hold  a  corresponding  rank 
in  their  respective  sub-kingdoms.  But  whilst  nearly  all  the  actions  of 
Insects  appear  to  be  under  the  guidance  of  pure  unvarying  instinct, 
those  of  Birds,  whilst  evidently  prompted  by  similar  impulses,  are  yet 
capable  of  great  modification  in  each  individual  (according  to  the  peculiar 
circvimstances  in  which  it  may  happen  to  be  placed)  by  the  influence  of 
its  reasoning  facvdties.  Yet  even  in  animals  which  possess  a  certain 
capability  of  determinately  adapting  means  to  ends,  by  the  operation  of  a 
real  Intelligence,  and  which  present,  moreover,  some  approach  to  the 
moral  natvn-e  of  Man,  the  psychical  nature  still  wants  that  completeness 
which  shall  make  them  truly  independent  agents ;  for  they  do  not  seem  to 
possess  the  power  of  determining  their  course  of  thought  and  of  action 
by  an  effort  of  the  Will,  which  is  the  characteristic  attribute  of  Man,  but 
appear  to  be  entirely  under  the  domination  of  whatever  ideas  or  passions 
may  for  the  time  possess  their  minds. 

V.  When  we  come,  however,  to  Man,  we  find  the  pure  Instincts  brought 
under  such  stib ordination  to  the  higher  Psychical  nature,  and  this  placed 
so  completely  under  the  control  of  the  Will,  that  it  is  only  when 
the  latter  is  still  dormant  or  undeveloped,  as  is  the  case  in  infancy 
or  idiocy,  or  when  the  balance  is  destroyed  by  disease,  as  in  insanity, 
that  the  unrestrained  operation  of  the  automatic  tendencies  is  wit- 
nessed. It  is  easy  to  perceive  the  final  cause  for  this  change.  If  the 
organisation  of  the  Human  system  had  been  adapted  to  perform  all  the 
actions  necessary  for  the  continued  maintenance  of  his  existence,  with 
the  same  certainty  and  freedom  from  voluntary  effort  as  we  perceive 
where  pure  instinct  is  the  governing  principle, — and  if  all  his  sensations 
had  given  rise  to  intuitive  perceptions,  instead  of  those  perceptions  being 
acquired  by  the  exercise  of  his  mind, — ^it  is  evident  that  external  cii'cum- 
stances  would  have  created  no  stimulus  to  the  improvement  of  his 
intellectual  powers,  and  that  the  strength  of  his  instinctive  propensities 
would  have  diminished  the  freedom  of  his  moral  agency.  Although, 
therefore,  to  all  the  actions  immediately  necessary  for  the  maintenance  of 
his  own  existence,  and  for  the  continuance  of  his  race,  a  powerful  instinct 
strongly  impels  him,  these  propensities  could  not  be  gratified,  if  the 
means  were  not  provided  by  the  exercise  of  those  mental  powers,  which  he 
enjoys  in  a  degree  far  exceeding  those  of  any  other  terrestrial  being. — 
Hence  we  should  be  led  to  regard  his  place  in  the  Animal  Kingdom,  as 
being  not  at  its  head  or  in  its  centre,  but  at  the  extreme  most  remote 
from  its  point  of  contact  with  the  kingdom  of  Organic  life;  in  fact,  at 
the  point  at  which  we  may  believe  it  to  touch  another  Kingdom,  that  of 
pwre  Intelligence.  Such  a  view  tends  to  show  the  true  nobility  of  Man's 
rational  and  moral  nature  j  and  the  mode  in  which  he  may  most  effectu- 
ally fulfil  the  ends  for  which  his  Creator  designed  him.  He  may  learn 
from  it  the  evil  of  yielding  to  those  merely  animal  propensities,  those 
"  fleshly  lusts  which  war  against  the  soul,"  that  are  characteristic  of 
beinc^s  so  far  below  him  in  the  scale  of  existence;  as  well  as  the  cUgnity 
of  those  pursuits  wHch  exercise  the  intellect,  and  which  expand  and 
strencrthen  those  lofty  moral  feelings  which  he  alone  of  terrestrial  bemgs 
is  caplible  of  entertaining;  and  which  tend  to  developethat  self-du-ectmg 
power  which  becomes  the  instrument,  when  rightly  employed,  of  all  his 
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noblest  acMevements.— The  relation  of  the  different  parts  of  this  highest 
form  of  the  Nervous  System  to  each  other,  and  of  the  Will  to  the  whole,  may 
be  made  more  clear  by  the  following  Table ;  which  represents  the  ordinary 
course  of  its  operation,  when  in  a  state  of  complete  functional  activity, 
and  at  the  same  time  shows  the  character  of  the  reflex  activity  which  each 
part  displays,  when  it  is  the  highest  centre  that  the  impression  can  reach. 


Intellectual  Operations. 


Emotions 
1 Ideas 

t 

Sensations 


t 


Impressions 


->:the  WILL- 


centre  of  emotional  and  ideo-motor  reflexion 


Sensory  G-anglta  • 


centre  ot  sensori-motor  reflexion 


-^Spinal  Coed 


centre  of  excito-motor  reflexion 


Motor  Impulse 


The  general  rule  of  action  appears  to  be,  that  the  impressions  made  by 
external  objects  upon  the  afferent  nerves,  when  transmitted  to  the 
Spinal  Cord,  ascend  towards  the  Cerebrum,  without  exciting  any  '  reflex' 
movements  in  their  course.  "When  such  an  impression  arrives  at  the 
Sensorium,  it  excites  the  consciousness  of  the  individual,  and  thus  gives 
rise  to  a  sensation;  and  the  change  thus  induced,  being  further  propa- 
gated from  the  Sensory  ganglia  to  the  Cerebrum,  gives  occasion  to  the 
formation  of  an  idea.  If  with  this  idea,  any  pleasurable  or  painful /ee^- 
ing  should  be  associated,  it  assumes  the  character  of  an  emotion;  and  the 
piimaiy  idea,  with  or  without  emotional  complication,  becomes  the  sub- 
ject of  intellectual  operations,  whose  final  issue  is  in  a  volitional  determin- 
ation, or  act  of  the  Will,  which  may  be  exerted  either  in  producing  or  in 
checking  a  muscular  movement,  or  in  controlling  or  directing  the 
CTUTcnt  of  thought. — But  if  this  upivard  course  be  anywhere  interrupted, 
the  impression  will  then  exert  its  power  in  a  transverse  direction,  and  a 
*  reflex '  action  will  be  the  residt,  the  nature  of  this  being  dependent  upon 
the  part  of  the  Cerebro-Spinal  axis,  at  which  its  ascent  had  been  checked. 
Thus,  if  the  interruption  be  produced  by  injury  or  division  of  the  Spinal 
Cord,  so  that  its  lower  part  is  cut-off  from  communication  with  the  En- 
cephalic centres,  this  portion  then  acts  as  an  independent  centre ;  and 
impressions  made  upon  it  through  the  afferent  nei-ves  proceeding  to  it 
from  the  lower  extremities,  excite  violent  movements,  although  they  call 
forth  no  sensation ;  movements  thus  prompted  are  hence  designated  excito- 
motor.  Such,  we  have  every  reason  to  believe,  must  be  the  character  of 
nearly  all  the  movements  of  those  animals,  whose  nervous  centres  corres- 
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pond  mtlier  to  the  Spinal  Cord  of  Vertebrata,  than  to  any  higher  portions 
ot  their  system.  If,  again,  the  impression  should  reach  the  Sensorium 
but  should  be  prevented  by  the  removal  of  the  Cerebrum,  or  by  its  state 
of  functional  inaction,  or  by  the  direction  of  its  activity  into  some  other 
channel,  from  calling  that  organ  into  use,  it  may  react  upon  the  motor 
apparatus  through  the  Sensory  ganglia  themselves;  producing  'reflex' 
actions  of  the  class  that  may  be  termed  sensori-motor  or  consensual,  since 
they  cannot  be  excited,  unless  the  consciousness  be  at  the  same  time 
affected  by  the  impression.  This,  too,  will  be  the  ordinary  modus 
operandi  of  the  Nervous  System  of  those  animals,  which  have  scarcely 
any  rudiment  of  a  Cerebrum;  and  the  '  excito-motor'  and  '  sensori-motor' 
actions  together  form  that  group,  to  which  the  term  Instinctive  is  com- 
monly applied.— But,  further,  if  the  Cerebrum  should  be  in  a  state  of 
activity,  but  the  "Will  be  in  abeyance,  it  too  responds  automatically  to 
any  stimulus  which  it  may  receive  from  the  Sensory  Ganglia;  ideas  and 
emotions,  either  directly  resulting  from  that  impression,  or  called-up 
by  the  psychical  changes  which  it  may  excite,  express  themselves  in 
action  without  any  volitional  direction  or  restraint;  and  the  course  of 
thought,  and  consequently  of  conduct,  is  thus  governed  entirely  by 
external  influences,  whose  action  on  the  system  is  ideo-motor.  Such, 
there  is  strong  reason  to  believe,  is  the  condition  of  those  Yertebrated 
animals  which  most  nearly  approach  Man ;  for  these,  although  imques- 
tionably  possessing  a  high  degree  of  Intelligence,  do  not  appear  to  exert  any 
purely- volitional  power  over  the  workings  of  their  minds,  which  seem  to 
correspond  exactly  to  those  that  take  place  automatically  in  om'selves, 
when  the  domination  of  the  Will  is  temporarily  or  permanently  suspended. 

696.  In  tracing  the  progressive  complication  of  the  Psychical  manifes- 
tations, during  the  early  life  of  the  Human  being,  a  remarkable  corres- 
pondence may  be  observed  with  that  gradual  increase  in  mental  endow- 
ments, which  is  to  be  remarked  in  ascending  the  Animal  scale.  The  first 
movements  of  an  Infant  are  evidently  of  a  purely  automatic  character, 
and  are  directed  solely  to  the  supply  of  its  physical  wants ;  they  are  thus 
analogous  to  the  instinctive  actions  of  the  lowest  animals  possessed  of  a 
nervous  system.  The  new  sensations  which  are  constantly  being  excited 
by  surrounding  objects,  call  into  exercise  the  dormant  powers  of  mind; 
notions  are  acquired  of  the  character  and  position  of  external  objects; 
and  the  simple  processes  of  association,  with  its  concomitant — memory, 
are  actively  engaged  during  the  first  months  of  an  infant's  life.  At  the 
same  time  an  attachment  to  persons  and  places  begins  to  manifest  itself. 
All  these  are  the  characteristics  of  the  great  majority  of  the  lower 
Vertebrata,  so  far,  at  least,  as  our  knowledge  of  their  sprrugs  of  action 
enables  us  to  form  a  judgment.  As  the  child  advances  in  age,  the  powei-s 
of  observation  are  strengthened;  the  perceptions  become  more  distinct; 
those  powers  of  reflection  are  called-out  which  prompt  him  to  reason 
upon  the  causes  of  what  he  observes,  and  his  growing  intelligence 
enables  him  to  direct  his  actions  to  the  attainment  of  objects  of  his 
desires;  and  at  the  same  time  we  observe  the  development  of  moral 
feelings,  which  are  at  first  manifested  only  towards  beings  who  are  the 
objects  of  sense.  Among  the  more  sagacious  quadi-upeds,  it  is  easy  to 
discover  instances  of  reasoning  as  close  and  prolonged  as  that  whicli 
usually  takes  place  in  early  childhood ;  and  the  attachment  of  the  dog  to 
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man  is  evidently  influenced  hy  moral  feelings,  of  wluch  the  latter  is  the 
object.  "Man,"  it  was  expressively  said  by  Bm-ns,  "is  the  God  of  the 
doo-."  Up  to  this  point,  then,  we  observe  nothing  peculiar  m  the 
chai-acter  of  Man;  and  it  is  only  when  he  becomes  capable  of  directing 
his  coui-se  of  thought  and  action  by  a  strictly-volitional  determination, 
and  when  his  higher  intellectual  and  moral  endowments  begin  to  mani- 
fest themselves,  especially  those  relating  to  an  invisible  Being,  that  we 
can  point  to  any  obvious  distinction  between  the  immortal  \pvxn  ot  man, 
and  the  transitory  npevfia  of  the  brutes  that  perish.  May  we  not  regard 
tJiese  endowments  as  here  existing  but  as  the  germs  or  rudiments  of  those 
higher  and  more  exalted  faculties  which  the  Human  mind  shall  possess, 
when,  purified  from  the  dross  of  earthly  passions,  and  enlarged  into  the 
comprehension  of  the  whole  scheme  of  Creation,  the  soul  of  Man  shall 
reflect,  without  shade  or  diminution,  the  full  effulgence  of  the  Love  and 
Power  of  its  Maker  ? 

[In  the  foregoing  outline  of  the  Structure  and  Actions  of  tlie  Nervous  System,  the  Author 
has  simply  aimed  to  express  his  own  present  convictions,  and  not  to  trace  the  history  of 
the  enquiry.  He  deems  it  but  just,  however,  to  state,  that,  although  he  has  been  led  to 
abandon  some  parts  of  Dr.  Marshall  Hall's  system  of  doctrines,  which  he  formerly  em- 
braced, he  still  regards  the  results  of  that  gentleman's  enquiries  as  worthy  of  a  place 
among  the  most  important  physiological  discoveries  of  any  age.  In  his  progress  towards 
what  he  now  believes  to  be  the  true  view  of  the  relation  of  the  Spinal  Cord  and  its  nerves 
to  the  Cerebrum,  he  has  been  partly  guided  by  the  views  of  Messrs.  Todd  and  Bowman ; 
from  whom,  however,  he  dissents,  in  regarding  the  Sensory  Ganglia  as  parts  of  the  Auto- 
matic apparatus,  and  in  assigning  to  them  functions  altogether  iadependent  of  the  Cerebrum. 
His  views  on  this  subject  were  formed  as  far  back  as  the  year  1837  ;  and  were  expressed 
in  a  paper,  "  On  the  Voluntary  and  Instinctive  Actions  of  Living  Beings,"  published  in  the 
"Edinb.  Med.  and  Surg.  Joum."  No.  cxxxii.  In  his  general  ideas  of  the  relations  of  the 
difierent  modes  of  nervous  activity,  and  of  their  predominance  in  different  tribes  of  animals 
respectively,  he  finds  himself  in  close  and  unexpected  accordance  with  Unzer,  whose  work 
entitled  "  Erste  Griinde  einer  Physiologie  der  eigentlichen  thierischen  Natur  thierischer 
Korper,"  published  in  1771,  displays  an  insight  into  the  physiology  of  the  Nervous  System, 
which  is  the  more  wonderful,  when  the  imperfect  state  of  Anatomical  knowledge  (and 
especially  of  Comparative  Anatomy)  at  that  period  is  borne  in  mind. — The  whole  of  the 
latter  portion  of  the  subject,  and  especially  the  relation  of  the  Will  to  the  Automatic 
activity  of  the  Cerebrum,  will  be  found  much  more  fully  discussed  in  the  Author's  ' '  Human 
Physiology,"  4th  Edit.  Chap.  XIV.,  Sect.  5.] 


CHAPTER  XIV. 

OF  SENSATION,  AND  THE  ORGANS  OF  SENSE. 

1.  0/  Sensation  in  General. 

697.  It  seems  probable  that  all  Animals  which  possess  a  definite 
ISTervous  System,  have  a  greater  or  less  degree  of  consciousness  of  the  im- 
pressions made  upon  it,  whether  by  external  objects,  or  by  changes  taking 
place  in  their  own  organism;  and  to  this  consciousness,  we  give  the 
name  of  sensibility.  It  is  very  important  to  bear  in  mind,  however,  that 
although  we  commonly  refer  our  sensations  to  the  parts  on  which  the 
impressions  are  made,  and  speak  of  these  parts  as  possessing  sensibility, 
we  really  use  incorrect  language;  since  that  of  which  we  are  actually 
conscious,  is  the  change  in  the  central  sensorium,  resulting  fi'om  the 
excitement  of  its  nervous  polarity  by  the  force  transmitted  from  the 
perijjhery ;  and  the  difference  between  what  are  called  '  sensible'  and  '  in- 
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sensible  parts  of  the  body  consists  in  this,  that  the  fonner  can  receive 
and  transmit  the  impressions  which  thus  arouse  the  consciousness,  whilst 
the  latter  are  unable  to  do  so.  This  is  evident  from  two  facts  ;  first,  that 
it  the  nervous  communication  of  any  '  sensible'  part  with  the  sensorium 
be  interrupted,  no  impressions,  however  violent,  can  make  themselves 
felt;  and  second,  that  if  the  trunk  of  the  nerve  be  irritated  or  pinched, 
anywhere  in  its  course,  the  pain  which  is  felt  is  referred,  not  to  the  point 
injured,  but  to  the  surface  to  which  these  nerves  are  distributed.  Hence 
the  well-known  fact,  that,  for  some  time  after  the  amputation  of  a  limb, 
the  patient  feels  pains,  which  he  refers  to  the  fingers  or  toes  that  have' 
been  removed ;  this  continues,  until  the  irritation  of  the  cut  extremities 
of  the  nervous  trunks  has  subsided. 

698.  It  would  seem  probable  that,  among  the  lower  tribes  of  Animals, 
there  exists  no  other  kind  of  sensibility  than  that  termed  '  general'  or 
'  common  /  which  exists,  in  a  greater  or  less  degree,  in  almost  every  part 
of  the  bodies  of  the  higher.  It  is  by  this,  that  we  feel  those  impressions, 
made  upon  our  bodies  by  the  objects  around  us,  which  produce  the 
various  modifications  of  pain,  the  sense  of  contact  or  resistance,  and 
others  of  a  similar  character.  From  the  dependence  of  the  impressibility 
of  the  sensory  nerves  ujDon  the  activity  of  the  circulation  in  the  neigh- 
bourhood of  their  extremities,  it  is  obvious  that  no  parts  destitute  of 
blood-vessels  can  receive  such  impressions,  or  (in  common  language)  can 
possess  sensibility.  Accordingly  we  find  that  the  Hair,  Kails,  Teeth, 
Cartilages,  and  other  parts  that  are  altogether  extravascular,  are  them- 
selves destitute  of  sensibility;  although  certain  parts  connected  with 
them,  such  as  the  bulb  of  the  hair,  or  the  vascular  membrane  lining  the 
pulp-cavity  of  the  tooth,  may  be  acutely  sensitive.  Again,  in  Tendons, 
Ligaments,  Fibro-cartilages,  Bones,  &c.,  whose  substance  contains  veiy 
few  vessels,  there  is  but  a  very  low  amount  of  sensibility.  On  the  other 
hand,  the  Skin  and  other  parts,  which  are  peculiarly  adapted  to  receive 
su^ch  imjDressions,  are  extremely  vascular;  and  it  is  interesting  to  ob- 
serve, that  some  of  the  tissues  just  mentioned  become  acutely  sensible, 
when  new  vessels  form  in  them  in  consequence  of  diseased  action.  It 
does  not  necessarily  follow,  however,  that  parts  should  be  sensible  in  a 
degree  proportional  to  the  amount  of  blood  they  may  contain;  for  this 
blood  may  be  sent  to  them  for  other  purposes,  and  they  may  contain  but 
a  small  number  of  sensory  nerves.  Thus,  it  is  a  condition  necessary  to 
the  action  of  Muscles,  that  they  should  be  copiously  supplied  with  blood ; 
but  they  are  by  no  means  acutely  sensible ;  and,  in  like  manner.  Glands, 
which  receive  a  large  amount  of  blood  for  their  peculiar  j)ui'poses,  ai-e  far 
from  possessing  a  high  degree  of  sensibility. 

699.  But  besides  the  'general'  or  'common'  sensibility,  which  is 
diffused  over  the  greater  part  of  the  body,  there  are  certain  parts  in  most 
animals,  which  are  endowed  with  the  property  of  receiving  impressions 
of  a  peculiar  or  'special'  kind,  such  as  sounds  or  odours,  that  would  have 
no  influence  on  the  rest ;  and  the  sensations  which  these  excite,  being  of 
a  kind  very  different  from  those  already  mentioned,  arouse  ideas  in  our 
minds,  which  we  should  never  have  gained  without  them.  Thus,  al- 
though we  can  acquire  a  knowledge  of  the  shape  and  position  of  objects 
by  the  touch,  we  could  form  no  notion  of  their  colour  without  sight,  of 
their  sounds  without  hearing,  or  of  their  odours  without  smell.  The 
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nerves  .hich  conve,  ^:Z^1i^^rt^  ^o-:!;!- 

yrnTfbe  ^en  a"^^^^^         a  dark  object;  nor  could  the  Eye  dxs- 
J^Xh  a  soTBcUng  body  from  a  sHent  one,  except  when  the  vibration 
canTe  m^^^^^  and  other  Physical  Forces,  when  app  led 

rthe  sev";al  nerves  of  specLl  sense,  may  excite  the  sensations  peculiar 

m  ?tTs1;ter  important  to  keep  in  mind  the  distinction  between 
tl.e  sensation,  themselvei,  and  the  which  are  tl-/nime^ate  result 

of  those  sensations,  when  they  are  perceived  by  the  mmd     These  ideas 
relate  to  the  ca...  of  the  sensltion,  or  the  object  by  which  the  impression 
L  made.    Thus,  the  formation  of  the  picture  of  an  object  upon  the  retma, 
produces  a  certain  impression  upon  the  optic  nerve;  which,  being  con- 
veyed to  the  sensorium,  excites  a  correspondmg  sensation;  and  witH 
this,  in  all  orcUnary  cases,  we  immediately  connect  an  idea  of  the  nature 
of  the  obiect.    So  closely,  indeed,  is  this  idea  usually  related  to  the  sensa- 
tion, that  we  are  not  in  the  habit  of  making  a  distmction  between  the 
two    We  find  that  some  of  these  perceptions  or  elementary  notions  are  in- 
tuitive; that  is,  they  are  prior  to  aU  experience,  and  are  ^^necessarily  con- 
nected with  the  sensation  which  produces  them,  as  'reflex  movements  are 
with  the  impression  that  excites  them.    This  seems  to  be  the  case,  tor 
example,  with  regard  to  erect  vision.    There  is  no  reason  whatever  to 
think,  that  either  infants  or  any  of  the  lower  animals  see  objects  m  an 
inverted  position,  imtil  they  have  corrected  their  notion  by  the  touch; 
for  there  is  no  reason  why  the  inverted  picture  on  the  retina  should  give 
rise  to  the  idea  of  the  inversion  of  the  object.    The  picture  is  so  received 
by  the  mind,  as  to  convey  to  us  an  idea  of  the  position  of  external  objects, 
which  harmonizes  with  the  ideas  we  derive  through  the_  touch;  and 
whilst  we  are  in  such  complete  ignorance  of  the  manner  in  which  the 
mind  becomes  conscious  of  the  sensation  at  all,  we  need  not  feel  any 
dif&culty  about  the  mode  in  which  this  conformity  is  effected.    But  in 
Man,  the  attaching  definite  ideas  to  certain  groups  of  lines,  colours,  &c., 
with  respect  to  the  objects  they  represent,  is  a  subsequent  process,  in 
which  experience  and  memory  are  essentially  concerned;  as  we  see  par- 
ticularly well,  in  cases  of  no  unfrequent  occiu^rence,  in  which  the  sense  of 
sight  has  been  acquired  comparatively  late  in  life,  and  in  which  the  mode 
of  using  it,  and  of  connecting  the  sensations  received  through  it  with 
those  received  through  the  touch,  has  had  to  be  learned  by  a  long- 
continued  training.    The  elementary  notions  thus  formed,  which  may,  by- 
long  habit,  present  themselves  as  immediately  and  unquestionably  as  if 
they  were  intuitive,  are  termed  acquired  perceptions. 

701 .  It  is  probable  that,  among  the  lower  animals,  the  proportion  of 
intuitive  perceptions  is  much  gi-eater  than  in  Man ;  whilst,  on  the  other 
hand,  his  power  of  acquiring  perceptions  is  much  greater  than  theirs. 
So  that,  whilst  the  young  of  the  lower  animals  very  soon  become 
possessed  of  all  the  knowledge,  which  is  necessary  for  the  acquirement  of 
their  food,  the  construction  of  their  habitations,  &c.,  their  range  is  very 
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oritt^f  of'wl  M  "T^'f"^'  ^'^y  ^  great  variety 

Zn^A      \  !  ^'^'^^^  "^^^'^  *^^kes  cognizance.    This  corre- 

P^etrns  o^^^  the  'acquired'  perceptions  of  ^an,  an4  the  'intuitive' 
to  the  tw.     r'"^  ^^'^^  strikingly  evident  in  regard 

tL  HnZ     iT^'T^  ^^^^  ^^'-y  gradually  by 

Iht  1  'i  r^V^^l:  ^P^r^-^^  has  first  obtained  the  faculty  of 
sight  later  m  lifej  but  which  is  obviously  possessed  by  many  of  the  lower 
animals,  to  whose  maintenance  it  is  essential,  immediately  upon  their 
entrance  into  the  world.  Thu^  a  Flycatcher,  immediately  after  its  exit 
Irom  the  egg,  has  been  known  to  peck-at  and  capture  an  insect,— an  action 
which  requires  a  very  exact  appreciation  of  distance,  as  well  as  a  power 
01  precisely  regulating  the  muscular  movements  in  accordance  with  it. 

2.  Of  the  Sense  of  Touch. 

703.  By  the  sense  of  Touch  is  usually  understood  that  modification  of 
the  common  sensibility  of  the  body,  of  which  the  surface  of  the  Skin  is 
the  especial  seat,  but  which  exists  also  in  some  of  its  internal  reflexions 
In  some  animals,  as  in  Man,  nearly  the  whole  exterior  of  the  body  is 
endowed  with  it,  m  no  inconsiderable  degree ;  whilst  in  others,  as  the 
greater  number  of  Mammalia,  most  Birds,  Beptiles,  and  Fishes,  and  a 
large  proportion  of  the  Invertebrata,  the  greater  part  of  the  body  is  so 
covered  with  hairs,  scales,  bony  or  horny  plates,  shells  of  vai-ious  kinds 
complete  horny  envelopes,  &c.,  as  to  be  nearly  insensible;  and  the  faculty 
is  restricted  to  particular  portions  of  the  surface,  or  to  organs  jDroject- 
mg  from  it,  which  often  possess  a  peculiarly  high  degree  of  this  endow- 
ment. Even  in  Man,the  acuteness  of  the  sensibility  of  the  cutaneous  surface 
varies  much  in  different  parts ;  being  greatest  at  the  extremities  of  the 
fingers,  and  in  the  lips ;  and  least  in  the  skin  of  the  trunk,  arm,  and  thigh. 
703.  The  impressions  that  produce  the  sense  of  Touch,  are  ordinarily 

received  through  the  sensory  papilla},  which 
are  minute  elevations  of  the  surface,  enclos- 
ing loops  of  capillary  vessels  (Fig.  289),  and 
filaments  of  the  sensory  nerves. — True  pa- 
pillary organs  have  not  yet  been  discovered 
in  any  Inverfebrata;  nor  even  in  Fishes, 
Serpents,  or  Chelonians. —  In  the  soft- 
skinned  Batrachia,  an  imperfect  papillary 
structure  is  extensively  diffused  over  the 
surface;  but  on  the  thumb  of  the  male 
^.  ,  .,  .„     ,,    ,      ,    Frog,  and  probably  on  that  of  other  Ba- 

Distribution  oi  Capillary  blood-vessels    ■       V-      i  -ii  ■,  ^ 

in  Cutaneous  Fapiiiai.  tracuia,  large  papillae  are  developed  at  the 

season  of  sexual  excitement.  In  many 
Lizards,  a  papillary  structure  is  found  on  the  under  surface  of  the  toes ; 
and  in  the  Chameleon  it  exists  also  in  the  integuments  of  its  prehensile 
tail. — In  Birds,  the  only  parts  of  the  skin  on  which  tactile  pajjillas  seem  to 
exist,  are  the  under  surface  of  the  toes,  and  the  web  of  the  Palmipedes, 
on  which  sensory  impressions  are  made  that  guide  the  movements  of  the 
feet;  and  the  bill  of  the  Duck  tribe,  which  is  plunged  into  the  mud,  &c., 
in  search  of  food. — Among  Mammalia,  we  find  that  the  papillary  structure 
is  especially  developed  on  those  parts  of  the  tegumentary  surface,  which 
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are  of  the  most  important  use  in  appreciating  tlae  qualities  of  the  food,  or 
in  f^iiiding  the  movements  of  the  instruments  of  locomotion.  Thus  in  the 
Quadrumana  generally,  both  hands  and  feet  are  thickly  set  with  papillae ; 
and  in  those  which  have  a  prehensile  tail,  the  surface  of  this  organ 
possesses  them  in  abundance.  In  the  Carnivorous  and  Herbivorous 
Mammals,  whose  extremities  are  furnished  with  claws  or  encased  in 
hoofs,  we  find  the  lips  and  the  parts  surrounding  the  nostrils  to  be  the 
chief  seat  of  tactile  sensibility,  and  to  be  copiously  furnished  with 
papillEej  and  this  is  especially  the  case  with  those,  which  have  the  lips 
or  nostrils  prolonged  into  a  snout  or  proboscis,  as  the  Pig,  the  Khinoceros, 
the  Tapir,  and  the  Elephant.  In  the  Mole,  too,  the  papillary  structure 
is  remarkably  developed  at  the  end  of  the  snout. — The  papillary 
apparatus,  and  the  sense  to  which  it  ministers,  are  not  confined,  how- 
ever, to  the  tegumentary  surface  of  the  exterior  of  the  body;  for  we 
find  that  the  tongue  of  many  animals  is  copiously  furnished  with  sensory 
papillse;  and  it  is  probable,  from  the  experience  of  Man,  that  only  a 
part  of  these  minister  to  the  sense  of  Taste,  but  that  the  remainder  ai-e 
tactile  (§  706). 

704.  A  very  different  set  of  instruments  is  developed  for  this  sense, 
however,  in  certain  animals;  either  in  place  of,  or  in  addition  to,  the  true 
papillary  apparatus.  Thus,  in  Articulated  animals  generally,  the  jointed 
appendages  to  the  head,  known  as  antennae  and  palpi,  are  undoubtedly 
instruments  of  touch;  and  this  function  they  may  execute  most  effi- 
ciently, notwithstanding  the  density  of  their  covering.  For  just  as  a 
blind  man  judges  of  the  proximity  and  characters  of  objects,  by  the  im- 
pressions communicated  to  his  hand  by  the  contact  of  the  stick  with 
which  he  examines  them,  so  may  an  Insect  or  a  Crustacean  receive  sen- 
sory impressions  upon  the  nerves  distributed  to  the  basal  joints  of  their 
long  antennae,  although  the  organs  themselves  may  be  as  insensible  (or 
rather,  as  unimpressible)  as  the  stick.*  The  antennae,  when  prolonged, 
seem  to  guide  the  movements  of  the  animal ;  whilst,  on  the  other  hand, 
the  palpi  rather  appear  to  minister  to  the  cognizance  of  objects  brought 
into  the  neighbourhood  of  the  mouth,  and  to  have  for  their  chief  office 
to  guide  in  the  selection  of  food. — In  many  of  the  higher  animals,  the 
hairs  are  most  delicate  instruments  of  touch ;  for  although  themselves 
insensible,  their  bulbs  are  seated  upon  cutaneous  papillae,  copiously  pro- 
vided with  nerves  and  blood-vessels,  in  such  a  manner  that  any  motion 
or  vibration  communicated  to  the  hair  must  produce  an  impression  xipon 
the  papilla  at  its  base.  Such  an  organisation  is  found  in  those  long 
stifi"  hairs,  which  are  known  as  the  vibrissce  or  '  whiskers'  of  the  Feline 
tribe,  and  which  are  pai-ticularly  large  in  the  Seal.  These  sensitive 
hairs  are  also  highly  developed  in  many  of  the  Rodentia,  such  as  the 
Hare  and  Rabbit;  and  it  has  been  proved  by  experiment,  that,  if  they 

_  *  The  Author  is  acquainted  with  a  blind  gentleman,  who  exhibits  a  remarkable  dexterity 
in  the  use  of  his  stick  in  guiding  his  movements ;  and  has  been  informed  by  him,  that 
much  of  his  power  of  discrimination  depends  upon  the  flexibility,  elasticity,  &c.  of  this 
instrument ;  so  that,  when  he  has  chanced  to  lose  or  break  the  one  to  which  he  has  been 
accustomed,  it  is  often  long  before  he  can  obtain  another  that  shaU  suit  him  as  well  — 
This  circumstance  seems  to  throw  some  light  upon  the  remarkable  variety  which  is  seen 
in  the  conformation  of  the  antewace  of  Insects;  as  it  maybe  imagined  that  each  is  adapted 
to  receive  and  to  communicate  impressions  of  a  particular  class,  adapted  to  the  wants  of 
the  .species. 
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be  cut-off,  the  animal  loses  in  great  degree  its  power  of  guiding  its 
movements  in  the  dark. 

7  0 5.  The  only  idea  communicated  to  our  minds,  when  the  sense  of  Touch 
is  exercised  in  its  simplest  form,  is  that  of  resistance;  and  we  can  neither 
acquire  a  notion  of  the  size  or  shape  of  an  object,  nor  judge  correctly  as 
to  the  nature  of  its  surface,  through  this  sense  alone,  unless  we  move  the 
object  over  our  own  sensory  organ,  or  pass  the  latter  over  the  former. 
By  the  various  degrees  of  resistance  which  we  then  encounter,  we  form 
our  estimate  of  the  hardness  or  softness  of  the  body.  By  the  impressions 
made  upon  our  sensory  papillse,  when  they  are  passed  over  its  surface,  we 
form  our  idea  of  its  smoothness  or  roughness.  But  it  is  through  the 
muscular  sense,  which  renders  us  cognizant  of  the  relative  position  of  the 
fingers,  of  the  amount  of  movement  the  hand  has  performed  in  passing 
over  the  object,  and  of  other  impressions  of  like  nature,  that  we  acquire 
our  notions  of  the  size  and  figure  of  the  object;  and  hence  we  perceive 
that  the  sense  of  Touch,  without  the  power  of  giving  motion  to  the 
tactile  organ,  woiild  have  been  of  comparatively  little  use.  It  is  chiefly 
in  the  variety  of  movements,  of  which  the  hand  of  Man  is  capable, — thus 
conducive  as  they  are,  not  merely  to  his  prehensile  powers,  but  to  the 
exercise  of  his  sensory  endowments, — that  it  is  superior  to  that  of  eveiy 
other  animal;  and  it  cannot  bo  doubted,  that  this  affords  us  a  very 
important  means  of  acquiiing  information  in  regard  to  the  external 
world,  and  especially  of  correcting  many  vag-ue  and  fallacious  notions, 
which  we  should  derive  from  the  sense  of  Sight,  if  used  alone.  The 
power  of  tactile  discrimination  does  not  by  any  means  bear  a  constant 
relation  to  the  degree  of  '  common  sensibility'  in  a  part,  that  is,  to  its 
susceptibility  to  impressions  which  produce  pain;  for  the  latter  may 
depend  simj^ly  upon  the  amount  of  nerves  supplied  to  the  surface;  and  this 
may  be  great  in  parts  which  have  few  papillse,  and  which  are  supplied  by 
nerves  whose  central  terminations  are  so  closely  blended,  that  impres- 
sions made  on  points  which  are  in  near  approximation  to  each  other 
cannot  be  distinguished.  The  sensory  apparatus  contained  in  the  inte- 
guments would  seem  to  be  necessary  for  the  exercise  of  the  seme  of 
temperature;  for  it  appears  from  the  recent  experiments  of  Prof  Weber, 
that  if  the  integuments  be  removed,  the  application  of  hot  or  cold  bodies 
only  causes  pam,  their  elevation  or  depression  of  temperature  not  being 
perceived ;  and  the  same  is  the  case,  when  hot  or  cold  bodies  are  appHed 
to  the  nerve-trunks.  It  is  worthy  of  note  that  there  are  many  cases  on 
record,  in  which  the  sense  of  Temperature  has  been  lost,  wliilst  the 
ordinary  Tactile  sense  remains;  and  it  is  sometimes  preserved,  when 
there  is  a  complete  loss  of  every  other  kind  of  sensibility.  _  So  again  we 
find  that  the  subjective  sensations  of  temperature, — that  is,  sensations 
which  originate  from  changes  in  the  body  itself,  not  from  external  im- 
pressions,— are  frequently  excited  quite  independently  of  those  of 
contact  or  resistance;  a  person  being  sensible  of  heat  or  chilliness  m 
some  part  of  his  body,  without  any  real  alteration  of  its  temperature^, 
and  without  any  corresponding  affection  of  the  tactile  sensations.  And 
further,  it  is  to  be  remarked,  that  whilst,  for  the  exercise  of  the  Tactile 
sense,  absolute  contact  between  the  impressible  surface  and  the  solid 
body  is  required,  the  influence  of  temperature  may  be  communicated  by 
radiations  from  a  distance. 
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3.  Of  the  Smse  of  Taste. 

706.  The  sense  of  Taste,  like  that  of  Touch,  is  excited  by  the  direct 
contact  of  particular  substances  with  certain  parts  of  the  body:  but  it  is 
of  a  much  more  refined  nature  than  touch ;  inasmuch  as  it  communicates 
to  us  a  knowledge  of  properties,  which  that  sense  would  not  reveal  to  us. 
All  substances,  however,  do  not  make  an  •  impression  on  the  organ  of 
Taste.  Some  have  a  strong  savour,  others  a  slight  one,  and  others  are 
altogether  insipid.  The  cause  of  these  differences  is  not  altogether  under- 
stood; but  it  may  be  remarked  that,  in  general,  bodies  which  cannot  be 
dissolved  in  water,  alcohol,  &c.,  and  which  thus  cannot  be  presented  to 
the  gustative  papillae  in  a  state  of  solution,  have  no  taste.  A  considerable 
part  of  the  impression  produced  by  many  substances  taken  into  the 
mouth,  is  received  through  the  sense  of  Smell,  rather  than  through  that 
of  Taste.  There  are  many  substances,  however,  which  have  no  aromatic 
or  volatile  character ;  and  whose  taste,  though  not  in  the  least  dependent 
upon  the  action  of  the  nose,  is  nevertheless  of  a  powerful  character. — The 
sense  of  Taste  has  for  its  chief  purpose,  to  direct  animals  in  their  choice 
of  food ;  hence  its  organ  is  always  placed  at  the  entrance  to  the  digestive 
canal.  In  higher  animals,  the  Tongue  is  the  principal  seat  of  it;  but 
other  parts  of  the  mouth  are  also  capable  of  receiving  the  impression  of 
certain  savours.  The  mucous  membrane  which  covers  the  tongue,  is 
copiously  supplied  with  papillae,  of  various 
forms  and  sizes.  Those  of  simplest  structure  Fig.  290. 

closely  resemble  the  Cutaneous  papillae ;  but 
there  are  others,  which  resemble  clusters  of 
such  papillae,  each  being  composed  of  a  fas- 
ciculus of  looped  capillaries  (Fig.  290),  with 
a  bundle  of  nerve-fibres,  whose  precise  mode 
of  termination  it  has  not  yet  been  found 
possible  to  ascertain.  These  fungiform  j)a- 
pillae,  wliich  are  covered  with  a  very  thin 
epithelium,  are  probably  the  special  instru-     „  .„  , 

'■      .       p.,  n,     ,       f  .  Capillary  plexus  of  nmqiform  papilla 

ments  oi  the  sense  oi  taste;  lor  the  exercise  of  Human  Tongue, 
of  whicli  it  seems  probable  that  the  sapid  sub- 
stance should  penetrate  (in  solution)  to  the  interior  of  the  papUla. — The 
conical  papillae,  on  the  other  hand,  being  furnished  with  thick  epithelial 
investments,  which  are  sometimes  prolonged  into  horny  spines,  would 
seem  destined  chiefly  to  mechanical  pm-poses;  thus  in  the  Felines,  in 
which  tribe  the  spines  are  most  remarkably  developed,  they  form  a  most 
efficient  rasp,  by  which  the  bones  of  their  prey  may  be  stripped  of  the 
smallest  particles  of  flesh  that  may  adhere  to  them;  and  in  other  cases, 
in  which  the  investments  are  rather  of  a  brush-like  natui-e,  they  pro- 
bably serve  to  cleanse  the  teeth  from  adhering  particles,  whilst  the 
tactile  sensibility  of  the  papillae  directs  the  muscular  movements  of  the 
tongue. — Of  the  degi-ee  of  Taste  possessed  by  different  animals,  it  is 
impossible  to  form  an  accurate  judgment,  without  a  more  accurate  means 
of  discrimination  than  we  possess,  between  the  Gustative  and  Tactile 
papillae  of  the  tongue.  And  we  have  not  any  certain  knowledge,  how 
far  the  sense  of  Taste  may  be  exercised  without  a  papillary  structure. 
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4.  Of  tits  Sense  of  Smell. 

707.  Certain  bodies  possess  the  property  of  exciting  sensations  of  a 
peculiar  natixre,  whicli  cannot  be  perceived  by  the  organs  of  taste  or 
touch,  but  wliich  seem  to  depend  upon  the  diffusion  of  the  particles  of 
the  substance  through  the  surrounding  air,  in  a  state  of  extreme 
minuteness.  As  the  solubility  of  a  substance  in  liquid  seems  a  necessaiy 
condition  of  its  exciting  the  sense  of  taste,  so  does  its  volatility,  or 
tendency  to  a  vaporous  state,  appear  requisite  for  its  possession  of 
Odorous  properties.  Most  volatile  substances  are  more  or  less  odorous ; 
whilst  those  which  do  not  readily  transform  themselves  into  A-apour, 
usually  possess  little  or  no  fragrance  in  the  liquid  or  solid  state,  but 
acquire  strong  odorous  properties  as  soon  as  they  are  converted  into 
vapour, — by  the  aid  of  heat,  for  example.  There  are  some  solid  sub- 
stances, which  manifest  very  strong  odorous  properties,  without  losing 
weight  in  any  appreciable  degree  by  the  diffusion  of  their  particles 
through  the  air.  This  is  the  case,  for  example,  with  Musk ;  a  grain  of 
which  has  been  kept  freely  exposed  to  the  air  of  a  room,  whose  door  and 
windows  were  constantly  open,  for  a  period  of  ten  years;  during  which 
time  the  air,  thus  continually  changed,  was  completely  impregnated  with 
the  odour  of  musk  j  and  yet,  at  the  end  of  that  time,  the  particle  was 
not  found  to  have  perceptibly  diminished  in  weight.  We  can  only 
attribute  this  result  to  the  extreme  minuteness  of  the  division  of  the 
odorous  particles  of  this  substance.  There  are  other  odorous  solids,  such 
as  Camphor,  which  rapidly  lose  weight  by  the  loss  of  particles  from  then- 
surface,  when  freely  exposed  to  the  air. 

708.  The  conditions  of  the  sense  of  Smell  are  best  studied  in  the 
higher  animals.  The  membrane  over  which  the  olfactive  nerve  is 
distributed,  is  extremely  vascular,  and  is  covered  with  a  thick  pulpy 
epithelium ;  and  the  nerves  lose  themselves  in  its  substance,  apparently 
becoming  divested  of  the  '  white  substance  of  Schwann,'  and  presenting  a 
close  resemblance  to  the  '  gelatinous'  fibres.  The  odoriferous  medium 
must  be  brought  into  contact  with  this  surface;  and  the  surface  itself 
must  be  neither  dry,  nor  clogged  with  too  large  an  amount  of  fluid 
secretion. — How  far  any  sense  of  smell  exists  in  the  lower  Invertebrata, 
cannot  be  satisfactorily  determined ;  but  it  would  seem  not  improbable, 
that  even  where  no  special  organ  is  apparent,  some  part  of  the  general 
surface  may  be  endowed  with  Olfactive  sensibility.  In  the  Pulmoni- 
ferous  Gasteropods,  which  seem  guided  to  their  food  by  its  scent,  there  is 
strong  ground  to  regard  the  extremities  of  the  larger  tentacula  (which 
bear  the  eyes  near  their  points)  as  special  organs  of  smell;*  and  the  doi-sal 
tentacula  of  the  Nudihranchiata,  which  frequently  have  a  peculiar  lami- 
nated structure,  are  probably  to  be  regarded  in  the  same  light,  f  In  the 
BullidcB,  which  have  no  proper  tentacles,  the  head-lobes  receive  the  nerves 
(proceeding  from  the  anterior  portion  of  the  cephalic  gangUa)  which  are 
elsewhere  transmitted  to  the  olfactive  tentacles  ;J  and  hx  Bulla  hydatis  we 
find  these  nerves  terminating  in  a  peculiar  organ,  composed  of  a  central 
stem  bearing  numerous  lateral  laminae,  which  forms  a  complete  link  ol 

*  See  Moquin-Tandon,  in  "Ann.  des  Sci.  Nat.,"  3"  Ser.,  Zool.,  Tom.  XV.,  p.  151. 
+  See  Embleton,  in  "Ann.  of  Nat.  Hist."  2nd  Ser.,  Vol.  III.,  p.  193. 
t  See  Hancock,  Op.  cit..  Vol.  IX.,  p.  188. 
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connection  between  tlie  laminated  tentacles  of  Doris,  and  tlie  olfactive 
orotin  of  Fishes.  A  similar  organ  has  been  described  by  Prof.  Owen  in 
Ncmtilus;  but  none  such  has  yet  been  detected  in  the  Dibrcmchiate 
Cephalopods.— Among  the  higher  Articulata,  there  is  ample  reason 
to  believe  that  the  sense  of  Smell  exists,  although  there  is  consider- 
able xmcertaiiity  regarding  its  special  instrument.  That  many  Insects 
are  guided  to  their  food,  to  the  proper  nidus  for  their  eggs,  and  to  the 
opposite  sex  of  their  own  species,  and  are  even  informed  of  the  proximity 
of  their  natural  enemies,  by  odorous  emanations,  can  scarcely  be  doubted 
by  any  one  who  has  watched  their  habits  and  experimented  upon  their 
actions.  Some  Entomologists  have  supposed  the  seat  of  the  olfactory 
sense  in  Insects  to  be  in  their  antennae,  others  in  the  palpi,  and  others  in 
the  enti-ances  to  their  tracheae.  The  latter  supposition  must  be  considered 
as  very  improbable;  and  it  derives  no  real  support  from  experiment,  since 
the  movements  which  may  be  produced  in  a  decapitated  insect,  by  bring- 
ing acrid  vapom^s  into  proximity  with  the  stigmata,  are  evidently  analo- 
gous to  those  of  coughing  and  sneezing,  which  similar  acrid  vapours 
excite  in  Man,  not  through  the  sense  of  Smell,  but  through  the 
'  common'  sensibility  of  the  membrane  lining  the  respiratory  passages. 
It  is  very  difllcult  to  determine  by  experiment,  whether  the  antennae  or 
the  palpi  are  the  most  probable  instruments  of  the  olfactive  sense ;  and  it 
seems  not  unlikely  that,  as  the  antennae  and  palpi  are  appendages  of  a 
similar  class,  the  sense  of  Smell  may  not  be  constantly  localized  in  either  of 
them,  but  that  it  may  be  assigned  to  one  or  to  the  other,  according  to 
the  modifications  they  respectively  require  for  the  performance  of  their 
other  offices.* — The  same  may  be  stated  in  regard  to  the  olfactive  organ  of 
the  Crustacea.  The  manner  in  which  Crabs  and  Lobsters  are  attracted 
by  odorous  bait  placed  in  closed  traps,  makes  it  almost  certain  that  they 
must  possess  some  sense  of  Smell;  and  there  can  be  little  doubt  that  its 
instrument  will  be  found  in  the  basal  joint  of  either  the  first  or  the 
second  pair  of  antennae,  t 

709.  The  Olfactive  organ  of  Yertebrata  usually  corresponds  with  that 
of  Man  in  its  general  characters :  but  whilst,  in  all  air-breathing  Yerte- 
brata, it  may  be  considered  as  a  diverticulum  from  the  conmiencement  of 
the  respii-atory  tube, — being  obviously  placed  there,  not  only  in  order 
that  the  respiratory  current  may  efiectually  introduce  the  odoriferous 
medium,  but  also  that  it  may  serve  to  warn  its  possessor  of  the  presence 
of  such  odoriferous  emanations  as  cannot  be  breathed  with  impunity, — 
in  Fishes  its  cavity  is  not  connected  with  the  respiratory  passages,  and 
has  no  posterior  nares,  its  sole  orifice  being  in  front.  Within  this  cavity, 
however,  the  olfactive  surface  is  greatly  extended,  by  the  leaf-like  plica- 
tion of  the  pituitary  membrane ;  and  the  water  introduced  into  it  is  con- 
tinually renewed  by  the  action  of  the  cilia  with  which  that  membrane  is 
beset.  In  the  Sharks  and  Eays,  moreover,  there  is  a  muscvilar  apparatus 
for  more  rapidly  changing  the  current  of  water  within  the  olfactory  sac; 

*  See  MM.  Ferris  and  Lcon-Dufour,  in  "Ann.  des  Sci.  Nat.,"  3°  Ser..  Zool 
Tom.  XIV.  .    "  i-. 

t  It  has  been  customary  to  regard,  with  Rosenthal,  the  sacculus  in  the  first  pair  of 
antennse  as  the  olfactive  organ,  and  that  in  the  second  as  the  auditory  organ.  Dr.  A. 
Farre,  however,  has  adduced  strong  reasons  for  reversing  this  opinion  ("Philosophical 
Transactions,"  1843);  and  Mr.  Huxley  has  adopted  and  strengthened  Dr.  Farre's  views 
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whence,  as  Prof.  Owen  remarks,  we  must  conclude  that  tliese  Fishes 
scent  {i.  e.,  actively  search  for  odoriferous  impressions),  as  well  as  smell. 
In  Meptiles  there  is  but  little  provision  for  the  extension  of  the  olfactive 
surface;  and  there  is  no  evidence  that  the  sense  of  Smell  is  more  than 
very  feebly  developed  in  them.  In  Bi/rds,  the  nasal  cavity  is  of  consider- 
able size,  and  its  lining  membrane  is  spread  over  the  '  turbinated  bones,' 
which  project  into  its  cavity;  stiU  there  is  reason  to  believe  that  much 
of  what  has  been  set  down  to  the  accoimt  of  Smell  in  Birds,  is  really 
attributable  to  their  acute  sight,  and  that  in  no  Birds  is  there  any  ap- 
proach in  this  respect,  to  those  Mammals  which  are  most  distinguished 
for  the  acuteness  of  their  scent.  The  organ  of  Smell  in  Mammalia  is  for 
the  most  part  highly  developed,  the  nasal  cavity  being  large,  and  the  sur- 
face over  which  the  olfactive  nerve  is  distributed  being  augmented  by  the 
convolution  of  the  '  turbinated  bones.'  Of  these  bones,  the  lowest  is  the 
one  that  is  usually  most  developed;  and  in  the  Carnivora,  to  which 
animals  this  sense  is  of  the  greatest  importance  in  guiding  them  to  their 
prey,  this  bone  is  divided  into  a  number  of  irregular  lateral  laminae,  so 
that  a  transverse  section  of  it  has  an  arborescent  form.  The  nasal  cavity 
is  usually  more  or  less  extended  by  sinuses,  which  communicate  with  large 
cancelli  in  the  surrounding  bones;  so  that  the  olfactive  organs  are  far 
more  highly  developed  in  most  of  the  lower  Mammalia  than  they  are  in 
Man,  serving  not  merely  to  guide  the  Carnivora  to  their  prey,  but  to 
warn  the  timid  Herbivora  of  the  approach  of  their  enemies,  and  being 
probably  one  of  the  chief  means  whereby  the  opposite  sexes  are  made 
aware  of  each  other's  proximity.  In  the  order  Cetacea,  however,  the  tur- 
binated bones  are  altogether  wanting,  and  neither  olfactive  ganglia  nor 
nerves  are  developed;  so  that  among  these  animals,  the  sense  of  Smell, 
which  could  not  be  very  efficiently  exercised  in  the  water,  seems  to  be 
sacrificed  to  two  objects  more  particularly  connected  with  their  general 
organisation  and  habits, — namely,  the  reception  of  air  into  the  lungs, 
whilst  the  head  and  body  are  immersed  in  water;  and  the  ejection  of 
water  which  has  been  received  into  the  mouth  with  the  food,  but  which 
the  animal  does  not  require  to  swallow. 

5.  Of  the  Sense  of  Hearing. 

710.  By  this  sense  we  become  acquainted  with  the  sounds  produced  by 
bodies  in  a  certain  state  of  vibration;  the  vibrations  being  propagated 
through  the  surrounding  medium,  by  the  corresponding  waves  or  undula- 
tions which  they  produce  in  it.  Although  air  is  the  usual  medium 
through  which  sound  is  propagated,  yet  liquids  or  solids  may  answer  the 
same  purpose.  On  the  other  hand,  no  sound  can  be  propagated  through 
a  perfect  vacuum. — It  is  a  fact  of  much  importance,  in  regard  to  the  action 
of  the  Organ  of  Hearing,  that  sonorous  vibrations  which  have  been 
excited,  and  are  being  transmitted,  in  a  medium  of  one  kind,  are  not  im- 
parted with  the  same  readiness  to  others.  The  following  conclusions 
have  been  drawn  from  experimental  inquiries  on  this  subject. 

I.  Vibrations  excited  in  solid  bodies,  may  be  transmitted  to  ivater 
without  much  loss  of  their  intensity;  although  not  with  the  same  readi- 
ness that  they  would  be  commtmicated  to  another  solid. 

II.  On  the  other  hand,  vibrations  excited  in  wate?'  lose  something  of 
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tlieii-  intensity  in  being  propagated  to  solids;  but  they  are  returned,  as  it 
were,  by  these  solids  to  the  liquid,  so  that  the  sound  is  more  loudly  heard 
in  the  neighbourhood  of  these  bodies,  than  it  would  otherwise  have  been. 

III.  The  sonorous  vibrations  are  much  more  weakened  in  the  trans- 
mission of  solids  to  air;  and  those  of  air  make  but  Httle  impression  on 

solids.  /.IT 

IV.  Sonorous  vibrations  in  water  are  transmitted  but  feebly  to  aw; 
and  those  wliich  are  taking  place  in  air  are  with  diflficulty  communicated 
to  water;  but  tlie  communication  is  rendered  more  easy,  by  the  interven- 
tion of  a  membrane  extended  between  them. 

The  application  of  these  conclusions,  in  the  Physiology  of  Hearing, 
will  be  presently  apparent. 

711.  The  essential  part  of  an  Organ  of  Hearing  is  a  nerve  endowed 
with  the  peculiar  property  of  receiving  and  transmitting  sonorous  undula- 
tions ;  and  it  is  by  no  means  indispensable  that  any  other  special  provision 
should  be  made  for  this  purpose,  since  the  Auditory  nerve  may  be  spread 
out  over  any  surface  which  will  be  affected  by  the  undulations  of  the 
surroundiag  medium.  Hence  we  must  not  imagine  the  sense  to  be 
absent,  wherever  we  cannot  discover  a  definite  organ  for  the  purpose. 
On  the  other  hand,  we  are  not  to  suppose  that  animals  possess  a  distinct 
auditory  sense,  merely  because  we  find  them  possessed  of  organs  homolo- 
gous with  those  which  are  certainly  the  instruments  of  that  sense  in 
higher  animals ;  for  they  may  be  so  rudimentary  in  their  degi'ee  of  de- 
velopment, that  we  can  scarcely  imagine  them  to  possess  any  considerable 
functional  capacity.  Such  is  the  case  with  regard  to  the  Acalepho},  the 
lowest  animals  in  which  any  such  organs  have  been  detected.  At  regular 
intervals  along  the  mai-gin  of  the  disk,  in  most  kinds  of  Medusce  and  their 
alUes  (Fig.  36,/,/),  there  may  be  found  a  series  of  peculiar  sacculi,  con- 
taining either  a  single  large  highly-refracting  spheroidal  body,  or  a  collec- 
tion of  calcareous  granules;  both  these  forms  having  such  precise  repre- 
sentatives in  the  auditory  organs  of  MoUusca,  that  the  similarity  of  their 
nature  can  scarcely  be  doubted,  more  especially  as  the  peculiar  vibratory 
movement  which  characterizes  the  latter  has  been  witnessed  also  in  the 
former.*  Of  the  existence  of  auditory  organs  among  the  Tmiicated 
Mollusks,  there  can  scarcely  be  any  reasonable  doubt.  In  Ghelyosoma, 
one  of  the  simple  Ascidians,  a  vesicular  body  in  immediate  connection 
with  the  single  nervous  ganglion,  has  been  described  by  Eschricht  as  an 
auditoiy  organ ;  and  it  is  probable  that  the  single  or  double  tubercular 
body  which  has  been  described  by  Savigny  as  existing  in  the  same  situa- 
tion, in  various  Ascidians  both  simple  and  compound,  has  the  same  cha- 
racter. The  auditory  nature  of  this  organ  is  still  more  obvious  in  the 
Salpoi ;  in  which  it  is  described  by  Mr.  Huxley  as  a  strong  transparent 
vesicle,  attached  to  the  nervous  ganglion,  and  containing  four  hemi- 
spherical bodies,  with  black  pigment-spots  upon  their  outer  stu-face ;  whilst 

*  The  auditory  nature  of  these  organs,  which  had  been  previously  considered  to  be  rudi- 
mentary Eyes,  was  first  asserted  by  Will,  in  his  "Horaj  Tergestinae,"  1844  ;  who  has  been 
since  supported  by  Kolliker  and  Huxley.  Mr.  G.  Busk,  on  the  other  hand,  has  sustaiued 
their  visual  character  ("Microscopical  Transactions,"  Vol.  III.,  pp.  24,  etseq.);  but  he 
seems  not  to  have  been  aware  how  closely  they  are  paralleled  among  the  Mollusca;  nor 
had  he  distinguished  the  ciliary  movement  within  the  capsule,  which  has  been  not  only 
observed  by  Kolliker  ("Froriep's  Neue  Notizen,"  No.  534),  but  also  by  Mr.  Huxley  as 
that  gentleman  has  himself  informed  the  Author.  ' 
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a  conical  depression  in  tlie  outer  tunic  leading  towards  this  vesicle,  would 
appear  to  be  intended  to  bring  it  into  closer  relation  with  the  surrounding 
medium.*  Among  the  Lamellibranchiata,  or  such  (at  least)  as  possess  a 
foot,  a  pair  of  similar  vesicles  is  found  at  the  base  of  that  organ,  either 
sessile  upon  the  pedal  ganglion,  or  connected  with  it  by  nervous  peduncles ; 
and  the  calcareous  concretions  or  '  otolithes'  they  contain  (which  are  of 
a  vitreous  aspect  and  crystalline  stru.cture)  execute  continual  vibratory 
and  rotatory  movements,  which  immediately  cease  on  the  ruptm'e  of  the 
capsule,  t  The  development  of  these  organs  is  but  little  more  advanced 
in  the  Gasteropoda,  among  which  they  are  usually  found  situated,  either 
in  immediate  apposition  with  the  pedal  ganglia  that  form  the  principal 
part  of  the  suboesophageal  portion  of  the  nervous  collar,  or  connected  with 
these  ganglia  by  short  peduncles.  In  Ntidibrancldata,  however,  they  have 
a  higher  position,  though  they  still  accompany  the  pedal  ganglia,  which 
are  found  in  those  animals  vmited  with  the  cephalic  ganglia  above  the 
oesophagus;  and  in  Heteropoda,  the  auditoiy  organs  appear  to  be  con- 
nected with  the  cephalic  ganglia,  though  this  (as  Mr.  Huxley  has  sug- 
gested) may  not  be  the  case  in  reality.  Each  auditory  capsule  may  con- 
tain but  a  single  otolithe,  which  is  then  spherical  and  of  crystalline  aspect, 
or  it  may  include  a  large  number  of  minute  fusiform  particles ;  the  move- 
ments of  these  bodies,  which  are  extremely  active,  have  been  ascei'tained  to 
be  due  to  the  vibration  of  the  cilia  which  clothe  the  epithelium  lining  the 
capsules.;};  In  the  Cephalopoda,  we  find  the  auditory  sac  of  each  side 
detached  from  the  ganglionic  mass,  with  which  it  remains  connected  by 
the  auditory  nerve ;  and  the  sac  itself,  which  contains  a  single  '  otolithe' 
of  irregular  form,  is  lodged  in  a  cavity  excavated  in  the  cartilage  that 
supports  the  cephalic  nervous  centres;  an  arrangement  that  evidently 
foreshadows  the  proper  '  sense-capsule,'  which  it  acquires  in  Yertebrata. 
No  greater  degree  of  complexity,  however,  is  attained  by  the  instrument 
itself,  notwithstanding  the  close  approximation  which  Cephalopods  present 
to  Yertebrata  in  the  general  elaborateness  of  their  organisation. 

712.  There  can  be  no  doubt  that  the  lower  J. r^im too.  possess  the  sense 
of  Hearing,  although  its  special  organ  cannot  always  be  detected.  In 
certain  Annelida,  however,  M.  de  Quatrefages  has  detected  auditory 
capsules  with  otolithes,  exactly  resembling  those  of  Mollusks.§  It 
is  obvious  that  the  movements  of  Insects  are  guided  by  hearing,  the 
sexes  being  frequently  attracted  to  each  other  by  the  sounds  which  one  of 
them  has  the  power  of  producing;  and  it  is  probable  that  the  organ  of 
this  sense  is  enclosed  in  the  basal  joints  of  the  anteimse.  ||  In  Crustacea  its 
presence  seems  much  less  equivocally  indicated;  and  yet  it  appears  pro- 
bable from  recent  enquiries,  that  what  has  been  \isually  considered  the 

*  "PMlos.  Transact.,"  1851,  p.  571.  . 

t  The  true  nature  of  these  organs,  which,  though  they  had  been  noticed  by  many 
Anatomists,  had  not  been  understood,  was  first  recognized  by  Prof.  Siebold,  from  then- 
correspondence  with  the  Auditory  capsules  in  the  early  embryo  of  Fishes.  See  Muller  s 
Archiv.,"  1838,  and  " Wiegmann's  Archiv.,"  1841;  also  "Ann.  des  Sci.  Nat.,    2=  ber., 

Zool.,  Tom.  X.,  XIX.  ^  .    ,  rr. 

t  The  existence  of  Auditory  organs  in  this  group  was  first  recognized  among  the  He- 
teropoda  by  MM.  Eydoux  and  Souleyet  ("  L'Institut.,"  1838,  No  255).  For  a  r£mirw  of 
the  subsequent  researches  of  various  Anatomists,  see  Prof.  Siebold's  "  Vergleichende  Ana- 
tomic," Band  I.,  §  211. 

§  "Ann.  des  Sci.  Nat.,"  3»  S6r.,  Zool.,  Tom.  XIII.,  p.  29. 

II  See  MM.  Perris  and  Leon-Dufour,  loc.  cit. 
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organ  of  Hearing  (which  is  a  cavity  in  the  first  joint  of  the  second  or 
larger  pair  of  antenn£e,  having  a  round  orifice  closed  by  a  membrane, 
and  containing  a  vesicle  filled  with  fluid,  on  which  the  antennal  nerve 
expajids),  is  in  reality  an  organ  of  Smell,  and  that  the  true  organ  of 
Hearing  is  in  the  basal  joint  of  the  Jirst  or  smaller  pair  of  antennte.  For 
in  Lucifer,  as  described  by  Mr.  Huxley,*  we  find  in  this  situation  a 
sacculus  containing  a  single  spherical  strongly-refracting  otolithe,  so 
closely  resembling  the  organ  of  Hearing  in  Gasteropoda,  that  there  can 
scarcely  be  a  doubt  of  its  analogous  character ;  although  it  is  completely 
enclosed  in  the  crustaceous  envelope  of  the  member  in  which  it  is 
situated.    In  Palmmon  there  is  a  departure  from  this  type,  which  leads 
us  towards  the  ordinary  form  of  the  organ  in  Crustacea;  for  in  the 
envelope  of  the  basal  joint  of  the  antennae  is  a  narrow  fissure,  which 
opens  into  a  pyriform  cavity,  contained  within  a  membranous  sac  that 
lies  within  the  substance  of  the  joint.    The  anterior  extremity  of  the  sac 
is  enveloped  in  a  mass  of  pigment-granules ;  whilst  on  the  side  which  is 
opposite  to  the  fissure,  a  series  of  hairs  with  bulbous  bases  are  attached, 
on  which  seems  to  rest  a  large  ovoidal  strongly-refracting  otolithe.  The 
antennal  nerve  gives-ofi"  branches  which  terminate  at  the  bases  of  the 
hairs ;  and  it  can  scarcely  be  doubted  that  it  is  throiigh  the  vibrations  of 
the  otolithe  transmitted  to  them,  that  the  sonorous  undulations  are  per- 
ceived.— The  ordinary  structure  of  the  organ  of  hearing  in  the  Macrourous 
Decapods,  as  described  by  Dr.  A.  Farre.t  presents  a  very  curious  modifi- 
cation of  this  type.     The  auditory  sac,  enclosed  in  the  basal  joint  of  the 
smaller  antennse,  communicates  with  the  external  surface  by  a  small 
valvular  aj^erture ;  and  instead  of  calcareoiis  '  otolithes,'  particles  of  sili- 
ceous sand  are  found  in  its  interior,  which  appear  to  have  entered  by  this 
orifice.    These,  in  the  ordinary  position  of  the  animal,  will  rest  uj)on  the 
extremities  of  a  row  of  hair-like  processes,  which  project  into  the  interior 
of  the  sac ;  and  each  of  these  processes  contains  a  row  of  cells,  which  are 
probably  nerve-vesicles.     This  sacculus  is  connected  with  the  cephalic 
ganglia,  by  a  nerve-trunk  distinct  from  that  wliich  supplies  the  antenna 
itself ;  and  this  trunk  forms  a  plexus  which  surrounds  the  sac,  but  which  is 
peculiarly  abundant  beneath  the  row  of  hair-like  processes.     There  can 
scarcely  be  a  reasonable  doubt  of  the  Auditory  nature  of  this  organ,  the 
connection  between  this  and  the  more  usual  forms  of  the  organ  of  hear- 
ing, being  supplied  by  Palsemon  and  Lucifer ;  and  it  is  interesting  to  find 
the  place  of  otolithes  here  taken  by  particles  of  sand  introduced  from 
Avithout, — a  provision  which  reminds  us  (as  Dr.  A.  Farre  has  justly 
remarked)  of  the  introduction  of  stones  into  the  stomach  of  Granivorous 
Birds,  in  which  they  answer  the  purpose  of  gastric  teeth.    A  portion  of 
the  shell  of  the  joint  is  unconsolidated  in  the  lobster ;  so  that  the  mouth 
of  the  auditory  sac  is  only  covered-in  by  a  membrane,  which  may  be  con- 
sidered as  the  representative  of  that  which  closes  the  'fenestra  ovalis'  of 
the  vestibule  of  Vertebrata;  but  in  many  other  Decapods,  the  shelly 
covering  is  complete  over  the  whole  joint,  save  at  the  valvidar  orifice. 
The  fluid  of  the  auditory  sac  will  be  thrown  into  Adbration  by  undula- 
tions of  the  surrounding  medium,  commiinicated  either  through  the  mem- 
brane covering  the  '  fenestra  ovalis,'  or  through  the  shelly  investment ; 

*  "  Annals  of  Natural  History,"  2nd  Ser.,  Vol.  VII.,  p.  304. 
t  "  Philosophical  Transactions,"  1843. 
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and  the  viLrations  will  be  strengthened  by  the  presence  of  the  sandy 
partibles,  which  also,  there  is  reason  to  believe,  will,  by  their  own  vibra- 
tion, make  stronger  impressions  upon  the  hair-like  processes,  than  the 
liquid  itself  woxild  do. — No  special  organ  of  hearing  has  yet  been  dis- 
covered in  Arachnida. 

713.  A  special  organ  of  Hearing  exists  in  all  Vertehrated  animals  save 
the  Amphioxus;  but  in  the  lowest  Cyclostome  Fishes,  it  presents  little  or 
no  advance  in  its  development,  iipon  the  type  on  which  it  is  constructed 
in  the  Cephalopods.  For  it  consists  of  a  simple  sac,  lodged  in  the  cranial 
cartilage,  and  having  no  direct  external  communication ;  this  sac  is  filled 
with  fluid,  and  contains  otolithes ;  and  the  auditory  nei've  is  distributed 
upon  its  walls.  In  ascending  through  the  series  of  Cydostomi,  however, 
we  find  the  'semicircular  canals'  successively  devoloped;  only  one  of 
these  passages  being  present  in  Myxine,  two  in  the  Lamprey,  and  three  in 
all  the  higher  members  of  the  class.  At  the  same  time,  provision  is  made 
for  the  more  direct  action  of  the  sonorous  undulations  of  the  surrounding 
medium,  upon  the  fluid  contained  in  the  auditory  sac  or  labyrinth;  for  a 
portion  of  its  investing  cartilage  or  bone  is  deficient  at  one  part  of  the 
external  surface,  the  aperture  being  only  closed  by  a  membrane,  through 
which  the  communication  can  readily  take  place.  Some  radiments  of  a 
tympanic  cavity,  intei-posed  between  this  membrane  and  the  external 
surface,  may  be  found  in  certain  Osseous  Fishes ;  and  in  several  tribes, 
the  organ  of  hearing  possesses  a  pecidiar  connection  with  the  air-bladder, 
which  appears  to  be  a  foreshadowing  of  the  '  Eustachian  tube'  of  higher 
classes. — In  the  true  Reptiles,  a  considerable  advance  is  constantly  to  be 
found  ia  the  character  of  the  Auditory  organ ;  for  a  tympanic  cavity  is 
added,  with  a  membranous  'drum'  and  a  chain  of  bones j  and  a  I'udiment 
of  a  '  cochlea '  is  generally  discoverable,  which  has  a  sej^arate  opening 
(fenestra  rotunda)  into  the  tympanic  cavity.  The  'membrana  tympani' 
is  usually  visible  externally,  but  it  is  sometimes  covered  by  the  skin ;  the 
cavity  of  the  tympanum  communicates  with  the  fauces  by  an  '  Eusta- 
chian tube.'  Among  the  Amphibia  there  is  a  considerable  variation 
in  the  structure  of  the  organ  of  Hearing ;  for  whilst  some  possess  the 
tympanic  apparatus,  others  are  entirely  destitute  of  it. — In  Birds,  the 
structure  of  the  Ear  is  essentially  the  same  as  in  the  higher  Reptiles.  A 
distinct  'cochlea'  always  exists,  though  its  form  is  not  spiral,  but  nearly 
straight;  and  its  cavity  is  divided  into  two  passages  by  a  membranous 
partition,  on  which  the  ramifications  of  the  auditory  nei-ve  are  spread-out. 
There  is  no  external  ear,  save  in  a  few  species  of  nocturnal  Birds ;  but  the 
tympanic  cavity  communicates  with  cavities  in  the  ci-anial  bones,  which 
are  thus  filled  with  air;  and  these,  by  increasing  the  extent  jf  surface, 
produce  a  more  powerful  resonance. 

714.  In  the  ordinary  Mammalia,  the  organ  of  Hearing  is  formed  upon 
the  same  general  plan  as  it  presents  in  Man;  though  in  the  Mono- 
tremata,  it  more  approaches  that  of  Birds.  All  the  Mammalia,  save  the 
aquatic  tribes,  have  an  external  ear,  and  this  is  sometimes  of  an  enor- 
mous size  in  proportion  to  the  cUmensions  of  the  body,  as  is  seen  es- 
pecially in  the  Bats.  Moreover  in  several  tribes  it  can  be  turned  in  any 
direction  by  muscular  movement,  so  as  most  advantageously  to  receive 
the  faintest  sounds  from  any  quarter.  The  canal  (Fig.  291,  d)  into 
which  the  external  ear  reflects  the  sonorous  vibrations,  passes  mwai-ds 
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until  it  is  closed  by  the  membrana  tympa/ni  or  '  drum  of  the  ear  {g), 
which  forms  the  external  wall  of  the  tympanic  cavity.  Withm  this 
cavity,  which  communicates  with  the  throat  by  the  '  Eustachian  tube 
(k)  there  is  a  series  of  small  bones,  which  serve  to  establish  a  connection 
between  the  membrana  tympani  and  that  which  covers-in  the  'fenestra 
ovalis.'  The  long  handle  of  the  'malleus'  is  attached  to  the  membrana 
tympani,  and  near  its  base  it  gives  attachment  to  the  'tensor  tympani^ 
muscle;  its  head  is  received  into  a  hollow  on .  the  body  of  the 'incus, 
which  also  has  a  long  process  that  is  connected  with  the  '  stapes;  whilst 
the  oval  extremity  of  the  'stapes'  is  attached  to  the  membrane  covering 
the  'fenestra  ovalis,'  or  entrance  to  the  labyrinth,  this  little  bone  being 


Fig.  291. 


Vertical  Section  of  the  Sumwii  Har,  the  internal  portions  on  an  enlarged  scale;  a,  b,  c,  ex- 
ternal ear ;  d,  entrance  to  auditory  canal,/;  e,  e,  petrous  portion  of  temporal  bone  ;'  </'  mem- 
brana tympani ;  h,  cavity  of  the  tympanum,  the  chain  of  bones  being  removed ;  i,  openings 
from  this  cavity  into  the  cells,./,  excavated  in  the  bone ;  on  the  side  opposite  the  membrana 
tympani  are  seen  the  fenestra  ovalis  and  rotunda ;  Jc,  Eustachian  tube  ;  I,  vestibule  ;  m,  semi- 
circular canals  ;  n,  cochlea;  o,  auditory  nerve;  p,  canal  for  carotid  artery;  n  part  of  glenoid 
fossa;  >•,  styloid  process. 

also  connected  "with  the  minute  'stapedius'  muscle,  which  regulates  its 
movements.— The  purpose  of  this  Tympanic  apparatus  is  evidently  to 
receive  the  sonorous  vibrations  from  the  air,  and  to  transmit  them  to  the 
membranous  wall  of  the  labyrinth ;  in  such  a  manner  that  the  vibrations 
thus  excited  in  the  latter  may  be  much  more  powerful,  than  they  would 
be  if  the  air  acted  immediately  upon  it,  as  in  the  lower  Yertebrata.  The 
usual  condition  of  the  membrana  tympani  appears  to  be  rather  lax;  and, 
when  in  this  condition,  it  vibrates  in  accordance  with  grave  or  deep  tones! 
By  the  action  of  the 'tensor  tympani'  (a  little  muscle  lodged  in  the 
Eustachian  tube)  it  maybe  tightened,  so  as  to  vibrate  in  accordance  with 
.sharper  or  higher  tones ;  but  it  will  then  be  less  able  to  receive  the  im- 
pressions of  deeper  sounds.    This  state  we  may  easily  induce  artificially 
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by  holding  the  breath,  and  forcing  air  from  the  throat  into  the  Eustachian 
tube,  so  as  to  make  the  membrane  bulge-out  by  pressure  fr-om  within ; 
or  by  exhausting  the  cavity  by  an  effoi-t  at  inspiration,  with  the  mouth 
and  nostrils  closed,  which  will  cause  the  membrane  to  be  pressed  inwards 
by  the  external  air.  In  either  case,  the  hearing  is  immediately  found  to 
be  imperfect ;  but  the  deficiency  relates  only  to  grave  sounds,  acute  ones 
being  heard  even  more  plainly  than  before.  There  is  a  different  limit  to 
the  acuteness  of  the  sounds  of  which  the  ear  can  naturally  take 
cognizance,  in  different  persons.  If  the  sound  be  so  high  in  pitch,  that 
the  membraua  tympani  cannot  vibrate  in  vinison  with  it,  the  individual 
will  not  hear  it,  although  it  may  be  loud ;  and  it  has  been  noticed,  that 
certain  individuals  cannot  hear  the  very  shrill  tones  produced  by  par- 
ticular Insects,  or  even  Birds,  which  are  distinctly  audible  to  others. 

715.  The  vibrations  thus  transmitted  to  the  membrane  covering  the 
fenestra  ovalis,  will  act  upon  the  fluid  contained  within  the  labyrinth, 
which  consists  of  the  'vestibule'  (Fig.  291,  I),  the  semicircular  canals  (jra), 
and  the  cochlea  (n).    The  vestibule  is  evidently  the  pai-t  that  corresponds 
wibh  the  simple  cavity,  which  constitutes  the  entire  oi^gan  of  hearing  in 
the  lower  animals ;  and  the  others  may  be  regarded  as  extensions  of  it  for 
particular  purposes. — In  all  Yei-tebrata  save  the  lowest  Fishes,  three 
semicirculo/r  canals  exist;  and  they  uniformly  lie  in  three  different 
planes,  at  right  angles  to  each  other,  corresponding  to  the  bottom  and  two 
adjoining  sides  of  a  cube;  hence  it  has  been  supposed,  and  with  much 
apparent  probability,  that  they  assist  in  producing  the  idea  of  the 
direction  of  sounds.   The  form  of  the  cochlea  is  nearly  that  of  a  snail-shell, 
being  a  spiral  canal,  excavated  in  the  solid  bone,  and  making  about  two 
turns  and  a-half  round  a  central  pillar;  this  canal,  however,  is  divided 
into  two  by  a  partition  wliich  runs  along  its  entire  length,  and  which  is 
foi-med  partly  by  a  thin  lamina  of  bone,  and  partly  by  a  delicate  mem- 
brane.   The  two  passages  do  not  communicate  with  each  other,  except 
at  the  summit  of  the  helix;  and  at  their  lower  end  they  terminate 
differently,  one  opening  freely  into  the  vestibule,  and  the  other  commu- 
nicating with  the  cavity  of  the  t3rnipanum,  by  an  aperture  termed  the 
'  fenestra  rotunda,'  which  is  closed  by  a  membrane. — These  cavities  are 
lined  by  a  membrane,  on  which  the  ramifications  of  the  auditory  nerve 
(o)  are  minutely  distributed,  and  in  which  may  be  found  cells  that 
appear  to  be  nerve-vesicles;   and  the  distribution  of  this  nei"ve  is 
pecToliarly  close  and  abimdant  on  the  'lamina 'spiralis'  of  the  cochlea. 
Hence  the  nerve  will  be  affected  by  the  sonorous  undulations  into  which 
the  included  fluid  is  thrown ;  and  these  will  probably  be  rendered  more 
free  than  they  are  in  those  forms  of  the  auditoiy  cavity  in  which  it  is 
completely  enclosed  within  bony  waUs,  by  the  existence  of  the  second 
orifice  leading  from  the  cochlea  to  the  tympanic  cavity.    The  cochlea  has 
been  supposed  to  be  the  organ  which  enables  us  to  judge  of  the  j?i<c/i  of 
sounds ;  an  idea  that  derives  some  confirmation  from  the  correspondence 
between  the  development  of  the  cochlea  in  different  animals,  and  the 
variety  in  the  pitch  (or  length  of  the  scale)  of  the  sounds  which  it  is 
important  that  they  should  hear  distinctly,  especially  the  voices  of  their 

own  kind.  A  pair  of  'otolithes,'  formed  of  particles  of  carbonate  and 

phosphate  of  lime  cemented-together  by  animal  mucus,  is  found  in  the 
vestibxdar  sac. 
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710  The  history  of  the  development  of  the  Auditory  organ  in  the 
hicrher  Vertebrata,  presents  a  series  of  facts  of  great  interest,  of  which 
the  followiug  is  an  outline.— The  apparatus  takes  its  ori^n  m  a  portion 
of  the  Epenceplialic  vesicle,  or  '  vesicle  of  the  medulla  oblongata  (Fig. 
262  B  k)  which  protrudes  on  either  side,  its  cavity  at  first  commu- 
nicatin<r  (^th  that  of  the  vesicle,  which  remains  permanent  as  the  '  fourth 
ventricle '  As  its  protnision  increases,  it  becomes  elongated  and  pear- 
shaped,  and  is  only  connected  with  the  central  mass  by  a  pedicle  whose 
canal  gradually  closes-up  j  the  sac  thus  cut-ofi"  becomes  the  vestibular 
cavity,  and  the  pedicle  the  auditory  nerve.  At  first  there  is  no  vestige 
either  of  cochlea,  semicii-cular  canals,  or  tympanic  apparatus;  but  the  sac 
presents  the  simple  character  which  it  permanently  i-etains  m  the  Cepha- 
lopoda and  the  lower  Fishes.  Gradually,  however,  the  semicircular 
canals  are  developed,  by  a  contraction  and  folding-in  of  the  walls  of  the 
vestibular  sacj  and  the  cochlea  is  probably  formed  as  an  ofi"set  from  it. 
At  the  same  time,  the  formation  of  cartilage,  and  subsequently  of  bone, 
takes  place  around  the  auditory  sac  and  its  prolongations,  forming  the 
'sense-capsule,'  which,  in  the  higher  Yertebrata,  coalesces  with  the 
vertebral  elements  to  form  the  temporal  bone. — It  is  very  interesting  to 
remark,  that  the  membranous  labyrinth,  between  the  eighth  and  thir- 
teenth days  in  the  Chick,  has  a  structure  almost  precisely  similar  to  that 
of  the  retinal  expansion  of  the  same  period  j  consisting,  like  it,  of  a  distinct 
but  very  delicate  fibrous  mesh- work,  in  the  spaces  between  which  are  depo- 
sited a  quantity  of  granular  matter  and  numerous  nucleated  cells,  whilst  its 
exterior  is  composed  of  a  dense  mass  of  nuclei,  almost  precisely  analogous 
to  the  granular  particles  which  form  a  large  part  of  the  entire  substance 
of  the  retina  (§  722).* 

6.  0/  the  Sense  of  Sight. 

717.  By  the  faculty  of  Sight,  we  are  enabled  to  take  coguizance  of 
luminous  impressions ;  and ,  through  these,  we  become  acquainted  ^vith 
the  form,  si2;e,  colour,  position,  &c.,  of  the  objects  that  transmit  or  reflect 
light.  But  such  knowledge  can  only  be  acquired  (so  far,  at  least,  as  we 
have  the  means  of  judging)  through  the  medium  of  an  optical  instru- 
ment, which  shall  form  upon  the  expanded  surface  of  the  Optic  nerve  an 
exact  picture  of  surrounding  objects,  resembling  that  which  is  formed  by 
the  Camera  Obscura ;  and  it  is  from  the  conveyance  of  the  imjDression 
produced  by  this  picture  to  the  Sensorium,  that  we  derive  the  conscious- 
ness of  that  impression,  on  which  we  base  our  notion  of  the  object  which 
has  produced  it.  This  optical  instrument,  or  Eye,  may  exist,  as  we 
shall  presently  see,  under  a  great  variety  of  conditions ;  but  it  will  be 
only  when  it  is  sufficiently  perfect  to  form  a  distinct  picture,  that  any 
definite  knowledge  of  suiTounding  objects  can  be  obtained  through  its 
means.  There  are,  however,  in  many  of  the  lower  animals,  certain 
coloured  spots,  which,  from  their  position,  nervous  connections,  and 
resemblance  to  the  lowest  forms  of  undoubted  visual  organs,  must  be 
regarded  as  rudimentary  eyes  ;  but  all  the  information  to  which  we  can 
suppose  these  to  be  subservient,  will  be  the  reception  of  vague  impressions 
of  light  and  darkness. — The  lowest  animals  in  which  any  such  organs 

*  See  Mr.  II.  Gniy,  in  "  riulosopliical  Transactions,"  1850. 
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have  been  distinguished,*   are  the  Uchinoderniaia;   ocelliform  spots 
having  been  observed  by  Prof.  E.  Forbes  at  the  extremities  of  the  rays 
ol  certain  Asteriada,  where  they  are  connected  with  the  extremities  of 
nerve-filaments,  and  are  protected  by  a  peculiar  arrangement  of  minute 
spines  around  each ;  and  also  by  Ehrenberg  on  the  surface  of  each  of  the 
five  plates  that  alternate  with  the  genital  plates  around  the  anal  orifice 
of  EcMnida.    Among  the  lower  Articulata,  the  development  of  the  visual 
apparatvis  does  not  seem  to  pass  this  rudimeutaiy  grade.    In  the  animals 
belonging  to  the  class  of  Entozoa,  no  distinct  trace  of  visual  organs  has 
been  detected ;  though  among  the  Planarice  and  other  Tit/rhellaria  which 
range  freely  in  search  of  their  food,  there  are,  as  in  Leeclies,  numerous 
eye-spots  disposed  about  the  head,  by  which  it  may  be  supposed  that  their 
movements  are  in  some  degree  guided.    Similar  eye-spots  may  be  seen 
upon  the  cephalic  projection  of  the  Rotifer  a  (Fig.  96,  &);  and  they  become 
much  more  distinct  in  the  Annelida  (especially  those  of  the  Dors-ihran- 
chiate  order),  among  which  the  rudiments  of  a  proper  optical  instrument 
begin  to  show  themselves,  although  these  are  sometimes  buried  beneath 
the  integuments.  It  is  singular  that  in  certain  of  the  last-named  animals, 
eyes  exactly  resembling  those  elsewhere  found  on  the  head,  should  present 
themselves  on  the  extremity  of  the  tail,  whose  movements  they  obviously 
seem  to  direct,  t — The  same  may  be  said  of  the  lower  Mollusca.  Ocelli- 
form  spots  have  been  observed  in  the  neighbovirhood  of  each  orifice  of 
several  Tunicata ;  and  numerous  eyes  may  be  distinguished  along  the 
margin  of  the  mantle  of  Pecten  and  several  other  Gonchifera — each 
of  them  having  a  sclerotic  coat,  with  a  cornea  in  front ;  a  coloured  iris, 
with  its  pupil,  continuous  with  a  layer  of  pigment  liniug  the  sclerotic; 
a  crystalline  lens  and  vitreous  body ;  and  a  retinal  expansion,  proceeding 
from  an  optic  nerve  which  passes  from  these  bodies  to  the  circum-palleal 
trunk  (§  642).  :t 

718.  The  Eyes  of  most  of  the  higher  Articulated  animals,  are  con- 
structed upon  the  com20osite  type;  each  of  the  masses  that  is  situated 
upon  either  side  of  the  head,  being  made-up  of  an  aggregation  of  single 
eyes,  every  one  of  wliich  is  in  itself  a  complete  visual  instrument,  but 
is  adapted  to  receive  and  to  bring  to  a  focus  those  rays  only  which 
come  to  it  in  one  particular  direction.  In  most  Insects,  each  composite 
eye  forms  a  large  hemispherical  protuberance,  which  occupies  a  consider- 
able part  of  the  side  of  the  head  (Fig.  292) ;  and  when  examined  with  a 
microscope,  its  surface  is  seen  to  be  divided  into  a  vast  number  of  facets, 
which  are  usually  hexagonal.  The  number  of  these  facets,  every  one  of 
which  is  the  '  cornea'  of  a  distinct  eye,  is  usually  very  great;  in  the  common 
House-fly  there  are  about  4000 ;  in  the  Cabbage  Butterfly,  17,000 ;  in  the 
Dragon-fly,  24,000,  and  in  the  Mordella-beetle,  25,000.  Behind  the 
cornea  is  a  layer  of  dark  pigment,  which  takes  the  place  and  serves  the 
purpose  of  the  '  iris '  in  the  eyes  of  Vertebrata;  and  this  is  perforated  by 

*  No  account  is  here  taken  of  the  red  spots  seen  in  many  Animalcules,  since  there  is 
not  the  least  reason  for  beUeving  them  to  be  ocelli,  similar  spots  having  been  seen 
in  many  undoubtedly- Vegetable  cells;  and  the  supposed  ocelli  at  the  margin  ot  the  disK 
of  Medusm  are  more  probably  auditory  vesicles  (§  711).  It  is  by  no  means  unlikely,  how- 
ever, that  rudimentary  ocelli  do  exist  in  that  class.  „   ,    m  vttt 

t  See  M.  de  Quatrefages,  in  "  Ann.  des  Sci.  Nat.,"  3"  Ser.,  Zool    Tom.  XIII. 

t  These  bodies,  previously  noticed  byPoli,  Garner,  and  other  Malacologists  lme  been 
minutely  described  by  Will  ("Froriep's  Neue  Notizen,"  18i4,  Nos.  622  and  OJ-J;. 


EYES  OF  INSECTS. 


727 


Fia.  292. 


Head  and  Compound  Eyes  of  the  Bee,  showing  the 
ocelli  in  situ,  on  one  side  (a),  and  displaued  on  the  other 
(b)  ;  o,  a,  a,  stemmata;  h,  b,  anteunce. 


Fig.  293. 


a  central  aperture  or  '  pupil,'  through  which  the  rays  of  light  that  have 
traversed  the  cornea,  gain  access 
to  the  interior  of  the  eye.  When 
a  vertical  section  is  made  of  one 
of  these  composite  eyes,  it  is 
seen  that  each  sepai-ate  ocellus 
is  the  frustrum  of  a  pyramid,  of 
which  the  cornea  forms  the  large 
end,  or  base  (Fig.  293,  a),  whilst 
the  small  end  abuts  upon  a  bul- 
bous expansion  of  the  optic 
nei-ve ;  the  interior  of  this  pyra- 
mid is  occu]3ied  by  a  transparent 
substance  (6),  which  represents 
the  '  vitreous  humoiir  :'  and  the 
pyramids  are  separated  from 
each  other  by  a  layer  of  dark 
pigment,  which  comj)letely  en- 
closes them,  save  at  the  pu- 
pillary apertures,  and  also  at 

a  corresponding  set  of  apertures  at  their  smaller  ends,  where  the  pig- 
ment is  perforated  by 
the  fibres  of  the  optic 
nerve  (c),  of  which  one 
proceeds  to  each  sepa- 
rate eye.  Each  facet, 
or  'corneule,'  of  the 
common  cornea,  is 
usually  convex  on 
both  its  surfaces ;  and 
thus  acts  as  a  lens,  the 
focus  of  whichhasbeen 
ascertained  by  experi- 
ment to  be  equivalent 
to  the  length  of  the 
transparent  pyramid 
behind  it ;  so  that  the 
image  produced  by 
the  lens  vnW  fall  upon 
the  extremity  of  the  filament  of  the  optic  nerve  which  passes  to  its 
truncated  end.  The  rays  which  have  passed  through  the  several  '  cor- 
neules '  are  prevented  from  mixing  with  each  other,  by  means  of  the 
layer  of  black  pigment  which  suiTounds  each  cone ;  and  thus  no  rays, 
except  those  which  correspond  with  the  axis  of  the  cone,  can  reach 
the  fibres  of  the  optic  nerve.  Hence  it  is  evident  that  each  separate 
eye  must  have  an  extremely  limited  range  of  vision;  being  adapted  to 
receive  but  a  very  small  pencil  of  rays  proceeding  from  a  single  point  in 
any  object;  and  as  these  eyes  are  usvially  immovable,  they  wovild  aflbrd 
but  very  imperfect  information  of  the  position  of  surrounding  objects, 
were  it  not  for  their  enormous  multiplication,  by  which  a  separate  eye  is 
provided  (so  to  speak)  for  each  point  to  be  viewed.    No  two  of  the 


A,  Section  of  the  eye  of  Melolontlia  vidi/iiris  (CockchaiFer)  :  B,  a 
portion  more  highly  magnified : — a,  facets  oi  the  coi-nea;  7>,  transparent 
pyramids  surrounded  with  pigment;  c,  fibres  of  the  optic  nerve;  d, 
trunk  of  the  optic  nerve. 
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separate  eyes,  save  those  upon  tlie  opposite  sides  of  the  head  which  are 
directed  exactly  forwards,  can  form  an  image  of  the  same  point  at  the 
same  time ;  but  the  combined  action  of  all  of  them  may  give  to  the  Insect, 
It  may  be  imagined,  as  distinct  a  picture  as  that  which  we  obtain  by  a 
very  different  organisation.  At  any  rate,  it  seems  certain,  from  observ- 
ation of  the  movements  of  Insects,  that  the  vision  by  which  they  are 
guided  musf  be  very  perfect  and  acute. — Although  the  foregoing  may  be 
considered  the  typical  structure  of  the  eyes  of  Insects,  yet  there  are  various 
slight  departures  from  it  in  the  different  subdivisions  of  the  class.  Thus 
in  some  cases,  the  posterior  surface  of  each  '  corneule '  is  concave,  and  a 
space  is  left  between  it  and  the  iris,  which  seems  to  be  occupied  by  a 
watery  fluid  or  '  aqueous  humour;'  in  other  instances,  again,  this  spacie  is 
occupied  by  a  double-convex  body,  which  seems  to  represent  the  '  crystal- 
line lens and  there  are  cases  in  which  this  '  crystalline  lens '  is  found 
behind  the  iris,  the  number  of  eyes  being  reduced,  and  each  individual 
eye  being  larger,  so  that  the  entire  aggregate  approaches,  both  in  its  struc- 
ture and  its^  mode  of  action,  to  that  of  Arachnida  and  certain  Crustacea. — 
Besides  their  composite  eyes,  Insects  usually  possess  a  small  number  of 
rudimentary  single  eyes,  resembling  those  of  the  Arachnida;  these  are 
seated  upon  the  top  of  the  head,  and  are  called  stemmata  (Fig.  292,  b). 
Their  precise  use  is  unknown ;  but  that  they  have  considerable  influence 
on  the  direction  of  the  movements,  appears  from  the  fact,  that  if  the 
stemmata  of  a  Bee  be  covered  with  paint,  it  will  fly  continually  upwards 
on  being  let  go, — a  fact  which  seems  related  to  those  already  mentioned, 
in  regard  to  the  influence  of  visual  sensations  upon  automatic  movements 
(§  G79).  It  is  remarkable  that  the  larvae  of  Insects  which  undergo  a '  com- 
plete' metamorphosis,  only  possess  simj^le  eyes ;  the  com]30site  eyes  being 
developed,  at  the  same  time  with  the  wings  and  other  parts  which  are  cha- 
racteristic of  the  Imago  state,  during  the  latter  part  of  the  Pupa  condition. 

719.  In  the  higher  Crustacea,  the  structure  of  the  Eyes  is  nearly  the 
same  as  in  Insects ;  but  the  compound  masses  are  not  so  large  relatively 
to  the  bulk  of  the  body,  and  the  number  of  distinct  eyes  is  not  nearly  so 
great.  The  facetted  cornea  which  covers  the  aggregation  of  ocelli,  is  con- 
tinuous with  the  external  integument  of  these  animals,  and  is  thrown-off" 
at  each  exuviation,  a  new  one  being  previously  formed  beneath  it.  In 

some  of  the  Ento- 
FiG.  294.  mostracous  Ciiista- 

cea,  the  compound 
eyes  are  formed 
upon  the  same  plan, 
but  differ  in  the 
smoothness  of  the 
surface  of  the  cor- 
nea ;  in  othei-s,  how- 
ever, as  in  Myi'ia- 
poda,  each  aggregate 
mass  is-  composed  of 
a  small  number  of 
'  simple '  eyes,  of  which  every  one  has  its  own  separate  cornea,  as  well  as 
its  own  crystalline  lens  and  vitreous  humour;  and  these  in  some  in- 
stances are  altogether  detached  from  each  other,  whilst  in  other  cases 


Facetted  eye  of  Asaphics  caudatm. 
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they  are  fused  iuto  a  single  mass.  It  is  peculiarly  interesting  to  find 
the  facetted  siuface  of  the  eyes  (Fig.  294)  extremely  well  marked  in 
the  fossil  remains  of  the  extinct  Trilobites  (Fig.  70,  a);  this  character 
alone  having  been  sufficient  to  stamp  them  as  Articulated  animals,  and 
to  indicate  their  general  position  in  the  series.*  Among  some  of  the 
.Suctorial  Crustacea,  the  visual  organs  are  altogether  wanting  in  their 
state  of  full  development,  although  they  are  uniformly  present  in  their 
early  condition.  The  same  has  usually  been  believed  of  the  Girrldpeds ; 
but  from  the  recent  researclies  of  Leidy  and  Darwin,  it  appears  that  eyes 
may  be  detected  in  the  adults  of  many  species,  both  sessile  and  peduncu- 
lated. Each  compound  mass  consists  of  eight  or  ten  lenses,  enclosed  in  a 
common  membranous  bag  or  cornea,  hwi  surrounded  by  their  separate 
envelopes  of  pigment ;  and  the  masses  belonging  to  the  two  sides  of  the 
body  are  approximated  on  the  median  plane,  and  are  sometimes  fused- 
together  into  one.  The  eyes  are  always  situated  deep  within  the  body, 
so  that  the  rays  of  light  cannot  reach  them  without  passing  through  a 
considerable  amount  of  superjacent  tissue;  and  all  that  they  seem  adaj)ted 
to  communicate,  is  the  impression  made  by  light  or  darkness.t 

720.  Among  Araclmida,  which  in  this  as  in  many  other  respects 
present  an  aj)proximation  to  Yertebi-ata,  we  find  a  great  reduction  in  the 
number  of  eyes,  which  are  never  more  than  eight  in  number  (sometimes 
being  only  two),  and  are  to  be  compared  with  the  *  stemmata '  of  Insects, 
rather  than  with  their  compoimd  eyes.  These  eyes  are  sometimes 
collected  into  one  mass  on  the  summit  of  the  cephalo-thorax  (Fig.  279,  c), 
and  are  sometimes  disposed  symmetrically  and  separately  on  the  two 
sides  of  the  median  line.  In  the  Scorpions,  we  find  two  large  eyes  placed 
on  the  dorsal  aspect  of  the  cephalo-thorax,  near  the  median  linej  and 
three  pairs  of  smaller  ones,  which  are  placed  on  the  outer  margins  of  the 
same  division  of  the  body.  The  larger  eyes  are  described  by  MullerJ 
as  each  possessing  a  '  cornea,'  which  is  convex  anteriorly  and  concave 
posteriorly;  and  a  nearly  globular  'crystalline  lens,'  resembling  that  of 
Fishes,  whose  anterior  surface  lies  in  the  hollow  of  the  cornea,  while 
its  posterior  rests  upon  the  'vitreous  humour'  without  being  imbedded 
in  it.  The  'vitreous  humour'  is  a  nearly  hemispherical  mass  of  soft 
granular  matter,  being  almost  flat  in  front,  and  very  convex  behind;  over 
its  posterior  surface  is  spread  the  '  retina,'  or  expansion  of  the  optic  nerve; 
and  this  is  covered  by  a  thick  layer  of  pigment,  which  passes  inwards 
in  front  of  the  vitreous  humour,  so  as  to  form  a  sort  of  iris,  the  pupillary 
aperture  of  which,  however,  exceeds  the  diameter  of  the  crystalline  lens. 

721.  Among  those  classes  which  constitiite  the  higher  division  of  the 
Mollmcous  series,  in  virtue  of  the  possession  of  a  distinct  'head,'  the 
presence  of  visual  organs  is  by  no  means  constant;  many  Gasteropoda  and 
Pteropoda  being  destitute  of  them  altogether,  and  others  only  possessing 
ocelliform  spots,  which  may  be  concluded  to  be  rudimentary  eyes,  from 

*  It  is  mamtaiaecl  by  Bumeister  ("The  Organization  of  Trilobites, » translated  and 
published  for  the  Kay  Society,  pp.  18,  19),  that  the  common  cornea  of  the  composite  eyes 
of  these  ammals  was  always  smooth,  as  it  is  in  Bvanchipus  many  otlier  existing  Ento- 
rimposkfon  produced  by  the  loss  of  the  smooth  cornea  by 

t  See  Mr.  Darwin's  "Monograph  on  the  Cirripedia,"  pp.  49—51 
Tom.  XVlf  rhysiologie  des   Gesichtsinnos,"  and   "Ann.  des  Sci.  Nat.," 
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theii-  similarity  in  position  to  the  eyes  of  those  which  undoubtedly  pcssess 
visual  powers.  Even  when  most  developed,  the  eyes  are  generally  very 
minute  in  proportion  to  the  bulk  of  the  body,  and  in  no  instance  do  they 
present  a  high  type  of  structure;  their  general  organisation,  indeed,  bears 
a  close  resemblance  to  that  which  has  been  described  in  the  eye  of  the 
Scorpion.  In  the  Cephalopoda,  however,  we  find  the  visual  organs  pre- 
senting a  much  larger  size,  and  attaining  a  much  higher  grade  of  develop- 
ment; in  accordance  with  the  greater  functional  activity  required  in 
directing  the  rapid  and  energetic  movements  practised  by  a  large  propor- 
tion of  these  animals.  We  here  find  nearly  all  the  principal  parts,  which 
are  characteristic  of  the  eye  of  higher  animals;  namely,  a  cornea,  an 
anterior  chamber  filled  with  an  aqueous  fluid  enclosed  in  a  distinct 
capsule,  a  crystalline  lens  of  globular  foi-m  (as  in  Fishes),  a  large  posterior 
chamber  filled  with  vitreous  humour,  a  tough  fibrous  or  'sclerotic'  coat, 
a  vascular  '  choroid '  coat  within  tliis,  covered  by  black  pigment  uijon  its 
inner  surface,  and  a  retinal  expansion.  The  relations  of  this  last  to  the 
optic  ganglion,  however,  are  very  peculiar.  This  ganglion  is  situated 
almost  close  to  the  back  of  the  eye ;  and  instead  of  transmitting  a  single 
optic  nerve,  as  in  higher  animals,  it  gives-ofli'  a  multitude  of  filaments, 
wliich  separately  pierce  the  sclerotic  coat,  and  then  form  a  plexus  between 
this  and  the  choroid,  which  has  been  mistaken  for  the  retina.*  The  true 
I'etina,  however,  is  a  very  thin  lamella,  apparently  composed  of  vesicular 
nerve-substance,  which  is  found  between  the  pigment  and  the  membrane 
inclosing  the  viti*eous  humour,  and  which  communicates  with  the  net- work 
of  nerve-tubes  on  the  outside  of  the  pigmentary  layer,  by  filaments  passing- 
through  the  latter.  IsTo  proper  'iris'  exists  in  the  eyes  of  Cephalopoda; 
but  its  place  is  supplied  by  a  partial  prolongation  of  the  sclerotic  coat  over 
the  front  of  the  crystalline,  a  central  pupillary  aperture  being  left.  The 
cornea  is  not,  like  the  true  cornea  of  higher  animals,  a  transparent  con- 
tinuation of  the  sclerotic  coat,  but  is  a  modification  of  the  general  integu- 
ment, analogous  rather  to  the  external  or  conjunctival  layer  of  the  cornea 
of  Yertebrata;  it  is  remarkable  that  in  some  Cephalopoda,  it  should  be 
perforated  by  an  orifice  of  considerable  size,  through  which  the  capsule  of 
the  crystalline  lens  projects  into  the  external  medium. t 

722.  There  are  but  few  exceptions  to  the  general  fact  of  the  presence 
of  distinct  visual  organs  in  the  Vertebraia;  and  the  type  upon  which 
these  are  formed,  presents  scarcely  any  essential  diversity  in  the  difierent 
classes  (Fig.  295).  In  all  we  find  the  eye  of  nearly  globular  shape,  with 
a  projection  in  front  caused  by  the  greater  cui-vature  of  the  cornea.  It 
is  enclosed  in  a  tough  fibrous  envelope,  or  'sclerotic'  coat  (i),  which 
supports  the  transparent  'cornea'  (2) ;  and  this  is  lined  by  the  vascular 
'choroid'  (3),  of  which  the  muscular  'iris'  (6),  that  is  interposed  between 
the  anterior 'and  posterior  chambers,  maybe  regarded  as  in  some  sort  a 
continuation.  The  choroid  is  lined  by  a  layer  of  black  pigment;  and 
between  this  and  the  hyaloid  membrane  (or  capsule  of  the  vitreous  humour) 
is  interposed  the  'retina'  (8).    The  optic  nerve,  in  all  instances,  is  a 

*  The  true  nature  and  relations  of  this  structure  were  first  elucidated  by  Wharton 
Jones,  in  ''  Lend,  and  Edinb.  Phil.  Mag.,"  3rd  Ser.,  Vol.  VIII.  (1836);  see  also  Powei- 
in  "Dublin  Journ.  of  Med.  Sci.,  Vol.  XXII.  (1842).  w^;ff«r«nt 

t  The  homologies  of  this  aberrant  structure  are  very  cUfferently  interpreted  by  different 
Anatomists.    See  Siebold's  "  Vergleichende  Anatomic,"  §  247. 
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single  trunk,  which 
back  of  the  eye,  and 
then  spreads-out  into 
a  fibrous  network, 
which  is  covered  on 
its  free  surface  by  a 
layer  of  vesicular  or 
gansflionicmatter.  It 
is  of  this,  indeed,  that 
the  nervous  portion 
of  the  retina  is  chiefly 
composed ;  and  the 
nerve-vesicles  hei-e 
found  can  scarcely 
be  distingmshed  from 
those  of  the  grey 
matter  of  the  brain. 
This  is,  perhaps,  the 
best  example  we  pos- 
sess, of  the  general 
doctrine,  that  the 
changes  commencing 
at  the  peripheral  ex- 
tremities of  the  affe- 
rent nerves,  are  pro- 
bably effected  by  the 
agency  of  cells,  like 
those  which  origi- 
nate at  the  central 


perforates  the  sclerotic  and  choroid  coats  at  the 


Fig.  295. 


Longitudinal  section  of  the  globe  of  the  Suman  Bye:—! .  The  sclerotic, 
thicker  behind  than  in  itont.  2.  The  cornea,  received  within  the  ante- 
rior margin  of  the  sclerotic,  and  connected  mth  it  by  means  of  a  bevelled 
edge.  3.  The  choroid,  connected  anteriorly  with  (4)  the  ciliary  muscle, 
and  (5)  the  ciliary  processes  6.  The  iris.  7.  The  pupil.  8.  The  retma,  or 
expansion  of  the  optic  nerve,  tei-minating  anteriorly  by  an  abrupt  border 
at  the  conmiencement  of  the  oDiary  processes.  9.  The  canal  of  Petit, 
which  encircles  the  lens  (12) ;  the  thin  layer  in  front  of  this  canal  is  the 
zonula  cDiaris,  a  prolongation  of  the  vascular  layer  of  the  retina  to  the 
lens.  10.  The  anterior  chamber  of  the  eye,  containing  the  aqueous 
humour :  the  lining  membrane  by  which  the  himiour  is  secreted  is 
represented  in  the  diagram.  11.  Theposteriorchamber.  12.  The  lens, 
more  convex  behind  than  before,  and  enclosed  in  its  proper  eapside. 
13.  The  vitreous  humour  enclosed  in  the  hyaloid  membrane,  and  in 
cells  formed  in  its  interior  by  that  membrane.  14.  A  tubular  sheath  of 
the  hyaloid  membrane,  which  serves  for  the  passage  of  the  artery  of  the 
capsule  of  the  lens.  15.  The  neurilemma  of  the  optic  nerve.  16.  The 
arteria  centralis  retinae,  embedded  in  the  centre  of  the  optic  nerve. 


origins  of  the  efferent. 
The  refractive  media  contained  in  the  interior  of  the  eye  are  always 
three  in  number,  and  of  different  densities;  the  anterior  chamber  (lo) 
being  occupied  by  the  'aqueous  humour,'  which  is  a  limpid  watery 
fluid;  the  'crystalline  lens'  (12),  a  substance  of  considerable  firmness, 
whose  convexity  is  much  less  in  the  terrestrial  than  in  the  aquatic 
Vertebrata, 'being  placed  immediately  behind  the  iris;  and  the  great  bulk 
of  the  posterior  chamber  being  occupied  by  the  'vitreous  humour'  (13), 
which  is  of  the  consistence  of  thin  jelly. 

723.  The  eye  of  Fishes  is  chiefly  remarkable  for  the  great  density  and 
spherical  form  of  the  crystalline  lens,  which  enable  it  to  exert  the  necessaiy 
reft-acting  influence  upon  rays  which  come  to  the  organ  through  water ; 
and  also  for  the  presence  of  the  body  termed  the  'choroid  gland,'  a 
vascular  erectile  organ  at  the  back  of  the  eye-ball,  which,  like  the 
'pecten'  in  the  eye  of  the  Bii-d,  may  be  concerned  in  the  adaptation  of 
the  eye  to  distinct  vision  at  different  distances. — The  eye  of  Reptiles 
presents  no  remarkable  peculiarity;  except  in  the  rudimental  existence, 
among  certain  Chelonia  and  Sauria,  of  that  osseous  capsule  wliich  is  so 
largely  developed  in  the  extinct  Enaliosauria  (Fig.  296),  and  which  performs 
a  most  important  office  in  the  eyes  of  Birds.  We  here  first  meet,  however, 
with  a  special  aiTangement  of  the  integuments  of  the  face  for  the  protection 
of  this  delicate  organ ;  for  whilst  in  Serpents  the  skin  of  the  head  passes 
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coutiuuously  in  front  of  the  eyes,  merely  becoming  transi)arent  where  it 

Fig.  296. 


SMI  oS  Ichthyosaurus,  showing  the  osseous  solerotio  plates. 


covers  the  cornea,  it  is  doubled  in  most  other  Reptiles  into  two  folds, 
constituting  the  upper  and  lower  eyelids,  which  can  be  drawn-together 
by  a  sphincter  muscle ;  and  we  also  find  a  rudiment  of  the  third  eyelid, 
formed  by  an  additional  fold  of  membrane  at  the  inner  angle,  which  is 
fully  developed  in  the  Batrachia  and  in  the  Crocodile,  into  a  'nictitating 
membrane'  resembling  that  of  Birds. — The  eye  of  Birds  is  generally  large; 
and  it  is  obvious  from  the  habits  of  these  animals,  that  their  visual  power 
is  extraordinarily  acute.  The  tough  fibrous  investment  of  the  globe  is 
very  commonly  strengthened  in  front  by  a  circle  of  bony  plates,  usually 
from  twelve  to  fifteen  in  number;  and  among  other  purposes  which 
these  plates  appear  to  serve,  is  that  of  giving  a  fixed  point  of  action  to 
the  special  muscular  apparatus,  by  which  the  adajDtation  of  the  eye  to 
vaiying  distances  is  effected.  The  eye  of  Birds  is  also  remarkable  for 
the  presence  of  a  peculiar  body,  termed  the  jjecien  or  marsiopium,  which 
projects-forwards  from  the  fissure  of  entrance  of  the  optic  nerve  into  the 
vitreous  humour ;  it  is  chiefly  composed  of  a  layer  of  blood-vessels,  con- 
stituting an  erectile  tissue,  folded  in  numerous  plications,  the  size,  form, 
and  number  of  which  vary  considerably  in  difierent  Birds,  even  such  as 
are  otherwise  closely  allied ;  and  the  whole  is  covered  by  a  continuation 
of  the  black  pigment  which  lines  the  choroid.  The  uses  of  this  organ 
are  not  certainly  known ;  it  may,  perhaps,  serve  more  than  one  pui'pose ; 
but  its  action  seems  not  improbably  to  be  connected  with  the  adaptation 
of  the  eye  to  distances,  the  relative  positions  of  the  crystalline  lens  and 
the  retina  being  altered  when  its  vessels  are  distended  with  blood.  The 
third  eyelid  or  'nictitating  membrane'  here  attains  its  highest  develop- 
ment, being  drawn  rapidly  and  frequently  across  the  eye  by  a  special 
muscu^lar  apparatus,  for  the  purpose  of  sweeping  impurities  from  its 
surface,  whilst,  being  translucent,  it  does  not  offer  any  great  impediment 
to  the  admission  of  light. — The  general  plan  of  structure  of  the  Eye  in 
Mammalia  does  not  depart  much  from  the  type  of  the  organ  in  Man ; 
though  there  are  several  minor  variations  in  different  orders.  Thus  in 
Cetacea,  the  crystalline  lens  is  nearly  globular,  as  in  Fishes;  and  in  most 
Quadi-upeds,  a  portion  of  the  choroid  is  lined  with  a  pigment-layer  of 
metallic  lustre,  called  the  iaiMum,  which  is  silvery  in  the  Carnivora,,  and 
blue-gi-een  in  the  Herbivora.  In  the  Ornithorhyncus  alone  do  we  find  a 
circlet  of  bony  plates  in  the  sclerotic  coat.  The  visual  power  of  Mammals 
appears  on  the  whole  to  be  inferior  to  that  of  Birds,  especially  in  the 
power  of  accommodation  to  a  range  of  distance. 
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7 24:.  The  development  of  the  Eye  in  the  higher  Vertebrata  commences 
hy  a  i^rotrusion  from  a  part  of  the  Deutencephalic  portion  of  the  brain, 
or  'vesicle  of  the  thalami  optici'  (§  679),  which  is  at  that  time 
hollow;  and  the  cavity  of  the  protrusion  is  continuous  with  that  of  the 
vesicle  itself;  which  remains  as  the  'third  ventricle.'  The  protrusion  is 
lined,  like  the  vesicle  itself,  with  granular  matter,  which  gi^adually 
becomes  distinctly  cellular,  forming  a  layer  of  truly  ganglionic  character; 
and  whilst  this  change  is  taking  place,  the  protrusion  increases,  becomes 
pear-shaped,  and  is  at  last  connected  only  by  a  narrow  pedicle  with  the 
vesicle  fii-om  which  it  sprang.  This  pedicle  closes-up,  so  as  completely  to 
separate  the  two  cavities;  and  the  one  which  has  been  thus  budded -foi-th 
constitutes  the  rudiment  of  the  eye,  whilst  the  other  goes  on  to  form  the 
ganglionic  bodies  at  the  base  of  the  cerebrum,  and  the  connecting  pedicle 
becomes  the  optic  nerve,  which  connects  the  retina  with  its  ganglionic 
centre.  The  spherical  extremity  of  the  protrusion  is  absorbed,  and  the 
retina,  or  vesicular  lining,  becomes  attached  to  the  margin  of  the  lens, 
which  is  in  the  mean  time  developed  in  the  interior  of  the  ca^-ity,  and 
is  at  first  completely  surrounded  by  the  retina.  The  formation  of  the 
coats  of  the  Eye  takes  place  subsequently;  the  development  even  of  the 
'fibrous  lamina'  and  of  the  'membrana  Jacobi'  of  the  retina  itself,  not 
taking  place  until  after  its  cellular  layer  has  been  very  distinctly  formed.* 
— It  is  a  curious  circumstance,  and  one  not  very  easy  to  account-for,  that 
the  development  of  the  Eye  should  take  place  from  the  Deutencephalic 
and  not  from  the  Mesencephalic  vesicle;  as  it  is  in  the  latter  that  the 
l^roper  '  optic  ganglia'  originate,  with  which  the  optic  nerves  come  at 
last  to  have  their  princijDal  connection,  their  connection  with  the  '  thalami 
optici'  being  much  less  close. 

725.  In  the  most  perfect  form  of  the  Eye,  such  as  that  presented  by 
Vertebrata  generally,  the  luminous  rays  which  diverge  from  the  several 
points  of  any  object,  and  fall  upon  the  front  of  the  cornea,  are  refracted 
by  its  convex  surface,  whilst  passing  through  it  into  the  eye,  and  are 
made  to  converge  slightly.  They  are  brought  more  closely  together  by 
the  ciystalline  lens,  which  they  reach  after  passing  through  the  pupil ; 
and  its  refracting  influence,  together 

with  that  produced  by  the  vitreous  Fig.  297. 

humour,  is  such  as  to  cause  the  rays 
that  issued  from  each  point,  to  meet 
in  a  focus  on  the  retina.  In  this 
manner,  a  complete  inverted  image 
is  formed,  as  shown  in  Fig.  297, 
which  represents  a  vertical  section  of 
the  eye,  and  the  general  course  of 
the  rays  in  its  interior;  those  which 

issue  from  the  point  a  being  brought  to  a  focus  at  d,  whilst  those 
diverging  from  B  are  made  to  converge  upon  the  retina  at  c.  The 
retina,  wliich  is  itself  so  thin  as  to  be  nearly  transparent,  is  spread 
over  the  layer  of  black  pigment,  which  lines  the  choroid  coat  The 
purpose  of  this  is  evidently  to  absorb  the  rays  of  light  that  form  the 
picture,  immediately  after  they  have  passed  through  the  retina-  in 
this  manner,  they  are  prevented  from  being  reflected  from  one  part  of 
*  See  Mr.  H.  Gray  in  "Philosophical  Transactions,"  1850. 
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the  interior  of  the  globe  to  another,  which  would  cause  great  con- 
fusion and  indistinctness  in  the  picture.  Hence  it  Ls  that  in  those  albino 
individuals  (both  of  the  Human  race,  and  among  the  lower  animals),  in 
whose  eyes  this  pigment  is  deficient,  vision  is  extremely  imperfect, 
except  in  a  very  feeble  light;  for  the  vascularity  of  the  choroid  and 
iris  is  such,  as  to  give  to  these  membranes  a  bright  red  hue,  which 
enables  them  powerfully  to  reflect  the  light  that  reaches  the  interior 
of  the  eye,  when  they  are  not  prevented  from  doing  so  by  the  inter- 
position of  the  pigmentary  layer. — The  Eye  is  so  constructed,  as  to 
avoid  certain  errors  and  defects,  to  which  all  ordinary  optical  instru- 
ments are  liable.  One  of  these  imperfections,  termed  spherical  aber- 
ration, results  from  the  fact,  that  the  rays  of  light,  passing  through  a 
convex  lens  whose  curvature  is  circular,  are  not  all  brought  to  their 
proper  foci ;  those  which  have  passed  throvtgh  the  exterior  of  the  lens, 
being  made  to  converge  sooner  than  those  which  have  traversed  its 
central  portion.  The  result  of  this  imperfection  is,  that  the  image  is 
deficient  in  clearness,  unless  only  the  central  part  of  the  lens  be  em- 
ployed.— The  other  source  of  imperfection  is  what  is  termed  chromatic 
aberration;  and  it  results  from  the  unequal  degree  in  which  the  dif- 
ferently-coloured rays  are  refracted,  so  that  they  are  brought  to  a  focus 
at  different  points.  The  violet  rays,  being  the  most  refrangible,  are 
soonest  brought  to  a  focus ;  and  the  red,  being  the  least  refrangible,  have 
their  focus  at  the  greatest  distance  from  the  lens.  Hence  it  is  impossible 
to  obtain  an  image  by  an  ordinary  lens,  in  which  the  colours  of  the 
object  are  accurately  represented;  for  the  foci  of  its  differently-coloured 
portions  will  be  different ;  and  its  white  rays  will  be  decomposed,  so  that 
the  outlines  will  be  surrounded  by  coloured  fringes. — The  Optician  is 
enabled  to  correct  the  effects  of  these  aberrations,  by  combining  lenses 
of  different  densities  and  curvatiires ;  so  arranged  as  to  cover  each  other's 
errors,  without  neutralizing  the  refractive  power.  This  is  precisely  the 
plan  adopted  in  the  construction  of  the  Eye;  which,  when  perfectly 
formed,  and  in  a  healthy  state,  forms  an  accurate  picture  of  the  object 
upon  the  retina,  free  from  either  spherical  or  chromatic  aberration.  This 
is  effected  by  the  combination  of  humours  of  different  densities,  having 
curvatures  precisely  adapted  to  the  required  purpose. 

726.  The  power,  by  which  a  healthy  well-formed  Eye  can  accommodate 
itself  to  the  distinct  vision  of  objects  at  varying  distances, 'is  a  very 
remarkable  one;  and  its  rationale  is  not  yet  perfectly  understood. 
According  to  the  laws  of  Optics,  the  picture  of  a  near  object  can  only  be 
distinct,  when  formed  more  remotely  from  the  lens  than  the  pictiu-e  of  a 
distant  object.  Consequently  when  the  eye,  that  has  been  looking  at  a 
distant  object,  and  has  seen  it  clearly,  is  turned  to  a  near  object,  a  distinct 
pictiire  of  the  latter  cannot  be  formed,  without  some  alteration  in  the 
distance  either  of  the  cornea  or  of  the  lens  from  the  retina,  or  in  the 
curvature  of  their  refracting  surfaces.  It  seems  most  probable  that  the 
adjustment  is  chiefly  effected  by  the  '  ciliary  muscle,'  which  is  a  collection 
of  muscular  fibres,  radiating  from  the  junction  of  the  cornea  and  sclerotic, 
to  the  'ciliary  processes'  of  the  choroid,  which  hold  the  lens  in  its  place; 
for  by  the  contraction  of  this  muscle,  the  lens  will  be  drami  forwards, 
and  the  eye  thus  adapted  for  the  vision  of  near  objects.  In  the  Human 
eye,  the  ciliary  muscle  consists  of 'non-striated' fibres;  but  m  the  eyes  of 
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Birds,  in  which  it  is  much  more  highly  developed,  it  is  formed  of 
'striated'  fibres;  whilst,  by  the  partial  ossification  of  the  anterior  portion 
of  the  sclerotic  coat,  its  oi-igin  is  more  securely  fixed.*  It  does  not  seem 
improbable  that  the '  pecten'  or  peculiar  erectile  organ  in  the  vitreous 
humour  of  the  Bird's  eye  (§  723),  may  be  subservient  to  this  adjust- 
ment ;  for,  when  the  lens  is  carried  forwards,  a  vacuity  must  exist  beliind 
it,  which  the  entrance  of  blood  into  this  plexus  of  vessels  will  supply.  It 
seems  quite  certain,  from  observation  of  the  actions  of  Birds,  that  they 
must  possess  the  power  of  adapting  their  eyes  to  distinct  vision  at  different 
distances,  in  a  higher  degree  than  any  other  animals.  The  'choroid 
gland' of  the  Fish's  eye  (§  723)  may  not  improbably  answer  a  similar 
purpose. — The  adjustment  is  probably  in  all  cases,  as  in  Man,  a  purely 
'  automatic'  action,  taking  place  without  any  voluntary  effort,  whenever 
the  visual  sense  is  directed  by  the  wUl  to  a  special  object ;  and  it  is  a  very 
good  example  of  that  class  of  actions,  in  which  sensation  is  a  necessary  link 
in  the  chain  of  reflex  action  (§  678). 

727.  Another  automatic  action,  which  adapts  the  eye  for  distinct 
vision  under  varying  degrees  of  light,  is  the  alteration  in  the  diameter  of 
the  'pupil.'  This  is  effected  by  the  muscular  structure  of  the  'iris,' 
which  is  made-up  in  many  animals  (though  not  distinctly  so  in  Man)  of 
two  sets  of  fibres,  a  circular  and  a  radiating ;  the  aperture  of  the  pupil 
being  diminished  by  the  contraction  of  the  former,  when  the  light  is 
powerful,  so  as  to  exclude  its  excess  from  the  interior  of  the  eye;  and 
being  augmented  by  the  contraction  of  the  latter,  when  the  light  is  faint, 
so  as  to  admit  the  greatest  possible  number  of  rays.  The  contraction  of 
the  pupil  also  takes  place  when  vision  is  directed  to  any  very  near 
object;  and  its  purpose  appears  then  to  be,  to  prevent  the  rays  from 
entering  the  eye  at  such  a  wide  angle,  as  would  i-ender  it  impossible  for 
them  to  be  all  brought  to  their  proper  foci,  and  would  thus  produce  an 
indistinct  image.  In  either  case,  the  regulation  of  the  diameter  of  the 
pupil  is  an  action  with  which  the  will  has  nothing  to  do,  and  which  it 
cannot  execute  by  any  direct  effort. — It  is  worthy  of  note,  that  in  Birds 
the  fibres  of  the  iris  are  very  strongly  marked,  and  that  they  are  of  the 
'.striated'  kind.  The  diameter  of  the  pupil  is  often  seen  to  vary  in  them, 
without  any  change  in  the  amount  of  light,  or  any  alteration  in  the 
position  of  the  eyes,  whence  it  has  been  supposed  that  they  possess  a 
voluntary  power  over  this  movement ;  but  the  fact  is  probably  rather, 
that  the  alteration  takes  place  in  virtue  of  a  change  in  the  direction  of 
the  sight  from  a  near  to  a  distant  object,  or  vice  versd,  which  may  occui- 
without  any  obvious  difference  in  the  position  of  the  eyes,  when  the  two 
objects  are  in  the  same  line,  and  the  eyes  are  placed  at  the  sides  of  the 
head,  and  not  in  front, — as  in  the  Parrot,  in  which  this  change  has  been 
most  frequently  observed.  When  the  eyes  are  so  situated  that  both  of 
them  can  be  directed  to  the  same  object,  their  axes  are  made  to  converge 
in  it ;  and  the  angle  at  which  they  meet,  which  will  be  very  acute  when 
the  object  is  distant,  increases  rapidly  as  the  object  is  approximated  to 
the  eyes.  It  is  from  the  '  muscular  sense,'  which  informs  us  of  the  con- 
dition of  the  muscles  thus  brought  into  conjoint  action,  that  we  derive 
our  chief  information  as  to  the  distance  of  objects,  by  an  instinctive  inter- 
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pretatiou  of  the  impressions  tliiis  made  upon  our  consciousness.  It  is 
quite  certain  tliat  in  Man,  this  instinctive  apprehension  is  acquired;  for  the 
infant,  or  a  person  who  has  newly  become  possessed  of  vision,  is  only  able 
to  form  it  after  a  long  course  of  experimental  training.  It  is  equally 
certain,  on  the  other  hand,  that  in  many  of  the  lower  animals  it  miist  be 
congenital;  since  they  pei-form  actions,  which  manifest  a  power  of  accu- 
rately estimating  distances,  and  of  regulating  their-  muscular  movements 
accordingly,  immediately  on  their  entrance  into  the  world  (§  701). 

728.  A  considerable  variety  exists  among  Vertebrated  animals,  in 
regard  to  the  position  of  the  Eyes,  and  the  degree  in  which  they  possess 
the  same  range  of  vision.  It  woxild  seem  as  if  a  veiy  extensive  range  of 
vision  posteriorly,  is  necessary  in  such  timorous  animals  as  the  Ruminants, 
which  are  almost  always  on  the  watch  for  enemies,  and  seek  their  safety 
in  flight ;  that  perfection  of  the  visual  sense,  which  (as  mil  be  presently 
shown)  can  only  be  gained  by  the  combined  use  of  the  two  eyes,  being 
sacrificed  in  them  to  the  power  of  seeing  round  the  whole  horizon  at 
once,  which  they  possess  in  virtue  of  the  latei'al  position  of  their  eyes. 
Where  the  position  of  the  eyes  is  such,  that  their  spheres  of  vision  are 
entirely  distinct  (as  happens  in  many  Fishes),  the  optic  nerve  proceeding 
from  each  eye  passes  dii'ect  to  the  ganglion  on  the  opj)osite  side ;  but 
where,  as  most  commonly  happens,  the  range  of  one  eye  overlaps  (so  to 
speak)  that  of  the  other,  so  that  both  see  the  same  object  at  once,  if  it  be 
within  that  overlapping  portion,  a  diiferent  arrangement  of  the  fibres  of 
the  optic  nerves  prevails ;  for  those  of  such  parts  of  the  retinae  of  both  eyes, 
as  look  towards  the  same  side  (i.  e.  the  inner  portion  of  the  retina  of  the 
right  eye,  and  the  outer  portion  of  the  retina  of  the  left,  and  vice  versd), 
pass  to  the  ganglion  of  the  opposite  side ;  so  that  each  eye  is  connected 
with  both  ganglia.  The  effect,  however,  will  still  be  the  same ;  namely, 
to  make  each  ganglion  the  seat  of  the  visual  impressions  originating  from 
sources  on  the  opposite  side  of  the  body ;  and  the  purpose  of  this  is  pro- 
bably, to  bring  the  guiding  sensations  of  sight  into  relation  with  the  mus- 
cular movements  they  regulate.  For,  by  a  decussation  of  fibres  in  the 
Medulla  Oblongata,  the  Sensory  Ganglia  above  it  are  connected  with 
opposite  sides  of  the  Spinal  Cord  below  it ;  and  thus,  the  sensations  of 
visual  objects  on  the  right  side  of  the  body  being  derived  through  the 
left  optic  ganglion,  their  influence  will  be  directly  conveyed  to  tbe  right 
side  of  the  spinal  cord,  and  to  the  muscles  whose  nerves  originate  from  it. 

729.  Although  the  forward  position  of  the  eyes,  by  greatly  diminishing 
the  range  of  vision,  might  seem  to  detract  from  the  advantage  which  is 
conferred  by  the  possession  of  two  eyes,  yet  it  confers  a  great  advantage 
of  a  different  kind  J  for  it  is  by  the  intuitive  combination  of  the  two 
dissimilar  pictures,  which  are  formed  of  any  near  object  tipon  the  retinae 
of  the  two  eyes,  that  we  gain  the  impression  of  its  projection  or  solidity. 
That  the  pictures  are  dissimilar,  is  easily  shown  by  holding-up  a  thin 
book  in  such  a  manner  that  its  back  shall  be  in  a  line  with  the  nose,  and 
at  a  moderate  distance  from  it;  and  the  experimenter  who  looks  at  the 
book,  first  with  one  eye,  and  then  with  the  other,  will  find  that  he  gains 
a  different  view  of  the  object  with  each  eye,  when  used  separately;  so 
that  if  he  were  to  represent  it,  as  he  actually  sees  it  vmder  these  circum- 
stances, he  woTild  have  two  perspective  delineations  differing  from  one 
another,  because  drawn  from  different  points.    But  on  looking  at  the 
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object  with  the  two  eyes  conjointly,  there  is  no  confusion  between  these 
Ijictxires;  nor  does  the  mind  dwell  upon  either  of  them  singly;  but  the  mental 
union  of  the  two  intuitively  gives  us  the  idea  of  a  solid  projecting  body, — 
such  an  idea  as  we  could  only  have  otherwise  acquired  by  the  exercise  of 
the  sense  of  touch.  That  this  is  really  the  case,  has  been  proved  by  ex- 
periments with  a  very  ingenious  instrument,  the  Stereoscope,  invented  by 
Prof,  Wheatstone ;  which  is  so  contrived,  as  to  bring  to  the  two  eyes,  by 
reflection  from  mirrors,  or  refraction  th  cough  prisms  or  lenses,  two  dif- 
ferent pictures,  such  as  would  be  accurate  representations  of  a  solid  object, 

Fia.  298. 
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as  seen  by  the  two  eyes  respectively  (Fig.  298).    The  images  of  these 
pictures  being  thrown  on  those  parts  of  the  two  retinae,  which  would  have 
been  occupied  by  the  images  of  the  solid  (supposing  tliat  to  have  been 
before  the  eyes),  the  mind  will  perceive,  not  one  or  other  of  the  single 
representations  of  the  object,  nor  a  confused  union  of  the  two,  but  a  body 
projecting  in  relief,  the  exact  counterpart  of  that  from  which  the  drawings 
were  made.* — It  is  doubtless  by  a  similar  intuitive  interpretation,  that  we 
recognize  the  erect  position  of  objects,  notwithstanding  the  inversion  of 
their  images  upon  our  retina;.   This  is  certainly  not  a  matter  of  experience; 
nor  is  it  capable  of  explanation  (as  some  have  supposed)  by  a  reference  to 
the  direction  in  which  the  rays  fall  upon  the  retina.    It  is  the  Mind 
which  rectifies  the  inversion;  and  it  is  just  as  difficult  to  understand  how 
the  inverted  image  upon  the  retina  should  be  taken-cognizance-of  by  the 
mind  at  all,  as  it  is  to  comprehend  how  it  should  thus  be  rectified.  In  fact, 
there  is  no  real  connection  whatever,  between  the  inversion  of  the  image 
upon  the  retina,  and  that  wrong  perception  of  external  objects,  which 
some  have  thought  would  be  its  necessary  consequence. 

*  The  most  wonderful  reproduction,  to  the  mind's  eye,  of  the  solid  body,  is  eflfected 
when  the  two  pictures  employed  are  photogrcqMc  representations,  taken  at  the  proper 
angular  distance  from  each  other.  ^  '■ 
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CHAPTER  XY, 

OF  THE  SOUNDS  PRODUCED  BY  ANIMALS. 

730.  The  purposes  of  Aniiital  existence  frequently  involve  the  neces- 
sity of  such  a  communication  between  one  individual  and  another,  as 
can  only  be  made  by  the  production  of  Sounds  on  the  one  part,  and  by 
the  Hearing  of  them  on  the  other.    The  most  general  requirement  of 
this  kind,  is  probably  that  arising  out  of  the  Generative  function,  in  those 
tribes  in  which  the  congress  of  two  individuals  is  requisite ;  and  we  find 
that  one  or  both  of  the  sexes  are  often  provided  with  the  means  of  pro- 
ducing sounds,  which  indicate  their  presence  to  such  of  the  opposite  sex 
as  may  be  within  hearing  of  them.    The  sounds  produced  by  Inverte- 
brated  animals  are  not  vocal  or  articulate  in  their  character,  although 
they  frequently  serve  to  intimate  the  state  of  tranquillity  or  excitement 
of  the  individuals  that  utter  them;  and  it  is  only  in  the  higher  Yerte- 
brata,  in  which  the  apparatus  of  Voice  is  so  constructed  as  to  be  capable 
of  a  great  variety  of  actions,  and  is  brought  into  relation  with  the  respi- 
ratory organs,  that  it  acquires  its  most  expressive  character.  The 
restriction  of  articulate  language  to  Man,  is  rather  a  result  of  the  supe- 
riority of  his  mental  than  of  his  vocal  endowments ;  since  many  Birds 
can  execute  a  perfect  imitation  of  the  sounds  which  he  utters,  although 
incapable  of  attaining  to  more  than  a  general  comprehension  of  their 
import,  and  even  this  rather  in  the  '  concrete,'  than  by  the  formation  of  any 
'  abstract'  notions  of  the  meaning  of  the  separate  words  which  they  imitate. 

731.  Although  certain  of  the  Nudihrancldate  Gasteropods  have  been 
occasionally  heard  to  produce  a  clear  beU-like  sound,  yet  their  mode  of 
generating  it  is  imknown;  and  they  are  the  only  animals  of  the  Mol- 
luscous series,  in  which  such  an  endowment  has  ever  been  observed. — It 
is  among  Insects,  more  than  in  any  other  class  of  Invertebrata,  that  the 
power  of  generating  sounds  is  met-with.  Some  of  these  seem  necessarily 
to  arise  during  the  ordinary  movements  of  these  animals ;  such  is  the 
'  hiTm'  which  is  produced  in' flight,  and  which  varies  in  its  character  from 
the  dull  droning  sound  of  the  common  '  shard-borne  beetle,'  to  the  shrill 
trumpet  of  the  gnat  and  mosquito,  that  serves  to  give  warning  of  the 
proximity  of  these  blood-thirsty  insects.  Generally  speaking,  the  Insects 
that  fly  with  the  greatest  force  and  rapidity,  and  with  wings  seemingly 
motionless  (owing  to  the  extreme  rapidity  of  their  vibrations),  make  the 
most  noise;  whilst  those  that  fly  gently  and  leisurely,  and  can  be  seen 
to  fan  the  air  with  their  wings  (as  is  the  case  with  most  Lepidoptera), 
yield  little  or  no  sound.  It  appears,  howeve]-,  from  the  experiments  of 
Burmeister,  that  in  Bees  and  Flies,  the  sound  is  not  so  much  produced 
by  the  simple  motion  of  the  wings,  to  which  it  is  commonly  attributed, 
as  by  the  vibrations  of  a  little  membranous  plate  situated  in  each  of  the 
posterior  spiracles  of  the  thorax;  for  if  the  apertures  of  these  be 
stopped,  no  sound  is  heard,  even  though  the  wings  remam  m  movement. 
Other  sounds  are  produced  by  the  act  of  mastication;  thus  the  noise 
occasioned  by  the  armies  of  Locusts,  when  incalculable  milhons  ot 
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powerful  jaws  are  in  action  at  the  same  time,  has  been  compared  to  the 
crackling  of  a  flame  of  fire  driven  by  the  wind. — The  sounds  which  are 
produced  by  special  means,  with  direct  reference  to  mutual  communi- 
cation, ai-e  generated  in  a  great  variety  of  modes.  Thus,  the  neuters  or 
'soldiers'  among  the  Termites  make  a  vibratory  sound,  rather  shriller 
and  qviicker  than  the  ticking  of  a  watch,  by  striking  hard  substances 
with  their  mandibles;  and  this  seems  to  answer  the  pui'pose  of  keeping 
the  '  labourers,'  who  answer  it  with  a  kind  of  hiss,  alert  and  at  their 
work.  The  well-known  sound  termed  the  '  death-watch,'  is  produced  in 
a  similar  manner  by  the  Aiwhium,  a  small  beetle  that  burrows  in  old 
timber;  if  the  signal  be  answered,  it  is  continually  repeated;  whilst  if 
no  answer  be  returned,  the  animal  changes  its  situation  before  again 
making  its  presence  known.  The  noise  exactly  resembles  that  produced 
by  tapping  moderately  with  the  nail  upon  the  table;  and  the  insect 
may  often  be  brought  to  answer  this  imitation,  as  well  as  the  real  sound 
of  its  own  kind.  A  very  curious  soimd,  the  mode  of  whose  production 
has  not  been  certainly  ascertained,  is  given-out  by  the  Sphinx  atropos 
(death's-head-moth),  when  confined  or  taken  into  the  hand;  this  sound 
has  been  likened  to  the  cry  of  a  mouse,  but  is  more  plaintive  and 
even  lamentable.  The  peculiar  '  hum'  given  off  by  Bees  during  their 
ordinaiy  labours  in  the  hive,  is  fi-equently  so  modified  as  to  be  (to  all 
appearance)  a  means  of  commimication  between  them;  thus  it  assumes 
a  shai'p  angry  tone  when  the  hive  has  been  disturbed,  especially  if 
some  of  the  bees  have  been  killed;  it  is  changed  to  a  low  and  plaintive 
sound,  when  the  queen  has  been  taken  away;  and  this  is  exchanged  for 
a  cheerful  humming,  which  is  speedily  diffused  through  the  entire  com- 
munity, when  she  is  restored. — Of  the  sounds  that  seem  especially  to 
have  reference  to  sexual  communication,  the  most  remarkable  are  those 
of  the  Grasshopper,  and  of  the  Cicada  tribes.  In  the  former,  the  sounds 
are  produced  by  the  attrition  of  the  anterior  pairs  of  wings  against 
each  other,  one  of  the  nervnres  being  furnished  with  a  rough  file-like 
edge,  which  is  made  to  pass  over  the  nervures  of  the  opposite  wing ; 
and  the  sound  is  augmented  by  the  resonance  of  a  certain  part  of  the 
wing,  that  is  surrounded  by  peculiarly  strong  nervures,  between  which 
the  thin  membrane  is  tightly  stretched,  so  that  it  acts  as  a  '  tympanum.' 
The  sound-producing  organs  of  the  latter,  however,  are  situated  inter- 
nally, and  are  somewhat  complex  in  their  structure.  Their  essential 
part  seems  to  be  a  tense  membrane,  stretched  across  a  cavity  in  the  last 
segment  of  the  thorax  on  either  side,  which  is  drawn-in  or  forced-out 
by  the  action  of  two  opposing  bundles  of  muscular  fibres;  and  it  is 
found  that  the  sotmd  is  produced  even  in  a  dead  specimen,  when 
these  muscles  are  pulled  and  suddenly  let-go.  Externally  to  this  ap- 
paratus are  other  membranous  plates,  whose  office  appeal's  to  be  to 
increase  the  sound  by  resonance ;  and  so  efiectually  do  they  act,  that  a 
cei-tain  Cicada  of  Brazil  is  said  to  be  audible  at  the  distance  of  a  mile, 
which  is  as  if  a  Man  of  ordinaiy  stature  possessed  a  voice  that  could 
be  heard  all  over  the  world.  The  sound  is  often  kept-up  for  some 
hours;  resembling  the  'hum'  of  Bees  in  its  continuity,  rather  than  the 
interrupted  '  chirp'  of  Crickets. 

732.  Among  Veriebrata,  the  production  of  Sounds  appears  to  be  con- 
fined to  the  air-breathing  classes;  no  Fishes  being  known  to  possess  the 
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means  of  generating  them. — In  Reptiles,  it  is  at  the  point  where  the 
trachea  opens  into  the  front  of  the  pharynx,  that  the  vibratory  appa- 
ratus is  situated,  which  gives-out  sounds  when  air  is  forced  tiirough  it 
from  the  lungs.  The  sounds  produced  by  animals  of  this  class,  however, 
are  of  a  veiy  simple  and  inexpressive  kind.  Thus  from  Turtles,  Serpents, 
and  ordinary  Lizards,  we  hear  nothing  else  than  a  'hiss,'  occasioned  by 
the  passage  of  the  air  through  the  narrow  fissure  of  the  glottis;  this 
sound  being  often  much  prolonged,  owing  to  the  great  capacity  of  their 
lungs.  In  Frogs,  a  '  croak'  is  produced  by  the  vibration  of  the  lips  of 
the  glottis  itself;  and  in  the  larger  Crocodiles,  Alligators,  &c.,  this  croak 
is  augmented  in  its  volume,  and  becomes  a  '  roar.'  In  these  orders  we 
find  the  rudiments  of  the  proper  'larynx'  of  Mammals;  which,  however, 
are  chiefly  developed  in  the  male  sex. 

733.  In  Birds,  the  situation  of  the  vocal  organ  is  very  different.  The 
summit  of  the  trachea  is  furnished  with  a  '  larynx,'  provided  with  carti- 
lages and  muscles,  in  which  many  of  the  parts  of  the  larynx  of  Man  can  be 
recognized;  but  the  use  of  this  seems  to  have  reference  entii-ely  to  the 
regulation  of  the  ingress  and  egress  of  air.  The  vocal  soimds  for  which 
Birds,  as  a  class,  are  so  remarkable,  are  formed  by  an  organ  which  is 
altogether  peculiar  to  them,  and  which  is  situated  at  the  lower  extremity 
of  the  trachea,  just  at  its  bifurcation  into  the  bronchial  tubes.  The  struc- 
ture of  this  '  inferior  larynx '  varies  greatly  in  different  species,  being 
most  complex  in  those  which  are  able  to  produce  the  greatest  diversity 
of  sounds;  and  in  some  Birds  which  are  entirely  voiceless  (such  as  the 
Storks),  the  organ  is  entirely  wanting.  The  two  or  three  lowest  rings  of 
the  trachea  are  usually  consolidated  into  one;  and  in  the  interior  of  this, 
a  cross-bone  runs  from  front  to  back,  which  has  a  vertical  semilunar  mem- 
brane prolonged  upwards  from  its  upper  edge.  This  seems  analogous  in 
its  action  to  the  vibrating  tongues  or  plates  of  'reed-instruments'  of 
music;  and  it  is  put  in  motion  by  currents  of  air  passing  on  either 
side  of  it.  Each  of  the  bronchial  tubes  has  its  own  glottis  for  the 
regulation  of  the  passage  of  air ;  and  we  also  find  a  part  of  the  walls  of 
both  the  bronchial  tubes  and  of  the  trachea,  to  be  composed  of  a  thin 
membrane,  stretched  tensely  between  cartilages,  which  serves  as  a 
'  tympanum,'  to  increase  the  loudness  of  the  sounds  by  resonance. 
Sometimes  we  find  special  dilatations  of  the  trachea,  which  are  appa- 
rently subservient  to  the  same  purpose.  The  actions  of  the  vocal  apparatus 
are  regiilated  in  the  Singing-birds  by  at  least  five  pairs  of  muscles, 
besides  those  which  increase  or  diminish  the  length  of  the  trachea,  a 
chano-e  which  is'  of  considerable  importance  in  modifying  the  pitch  of 
the  notes.  In  those  Birds  which  can  imitate  the  articulate  soimds  of 
the  Human  voice,  such  as  the  Parrot,  the  Raven,  and  the  Mocking-bii-d, 
the  tongue  is  employed  in  their  production. 

734.  In  Mammals,  one  'larynx'  is  made  to  answer  the  double  purpose 
of  regulating  the  ingress  and  egress  of  air,  and  of  producing  vocal  tones. 
There  are  few,  if  any,  of  this  class,  which  have  not  the  power  of  producmg 
some  vocal  sound;  and  the  structure  of  their  larynx  generaUy  coiTcsponds 
pretty  closely  with  that  of  Man,  which  wiU  be  briefly  descnbed  as  an 
example  of  the  most  complete  form  of  vocal  apparatus.— The  Laiynx  is 
built-up,  as  it  were,  upon  the  Cricoid  cartilage  (Fig.  299,  x  to  r  u),  which 
surmounts  the  trachea,  and  which  might  be  considered  as  its  highest  ring, 
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Fio.  299. 


modified  in  form,  its  depth  from  above  downwards  being  much  gi'eater 
posteriorly  than  anteriorly.  This  is 
embraced,  as  it  were,  by  the  Thyroid 
cartilage  (g  E  h);  which  is  articu- 
lated to  the  sides  of  the  cricoid  hj 
its  lower  horns,  round  the  extremities 
of  which  it  may  be  considered  to 
rotate,  as  on  a  pivot.  In  this  manner, 
the  front  of  the  thyroid  cartilage  may 
be  lifted-up,  or  depressed,  by  the 
muscles  which  act  upon  itj  whilst 
the  position  of  its  posterior  part  is 
but  little  changed.  Upon  the  upper 
surface  of  the  back  of  the  cricoid 
cai-tilage,  are  seated  the  two  smaU 
Arytenoid  cartilages  (n  p)  ;  these  are 
so  tied  to  the  cricoid  by  a  bimdle  of 
strong  ligaments  (b  b),  as  to  have  a 
sort  of  rotation  upon  an  articulating 

surface,  which  enables  them  to  be   v-.,-  •    +1,   ■  „ 

:      ,    ,  .    1  fL  1     —G  E  H,  the  thyroid  cartilage,  embracing  the  rmg 

approximated,  or  separated  irom  eacn   of  the  cricoid  -s.wru,  and  tui-ning  u^on  the  axis 


other, 


Bird's-eye  view  of  Suma/n  Larynx  from  above : 
he  ' 

poi 

+lioiT>     innpv    o/lo'pci     l-ipincf   x  s,  which  passes  through  the  lower  homs ;  N  r, 
■tneir     mnei     eageS     Oemg    ^^.^        arytenoid  cartilages,  connected  by  the 
nearly  parallel  m  the  first  case,  but   arytenoideus  transversus ;  T  V,  T  V,  the  vocal 

slanting-away  from  each  other  in  t^sVe  if,'\ls^'^L^i)1^Tt^. 

the  second.     To  the  summit  of  these   left  thyro-aiytenoideus  (the  right  being  removed); 
,  j_ ,     1     1   ii       /-ii      7      N     N  Z,  the  erico-arytenoidei  postici ;  B  B,  the 

cartilages  are  attached  tJie  Lnorace  orioo-arytenoid  ligaments. 


These  stretch-across  to  the 
upon  their  condition  and 


Vocales,  or  vocal  ligaments  (t  u), 
composed  of  yellow  fibrous  or  elastic  tissue, 
front  of  the  Thyroid  cartilage  j   and  it  is 

relative  situation,  that  the  absence  or  the  production  of  vocal  tones, 
and  all  their  modifications  of  pitch,  depend.  They  are  rendered  tense 
by  the  depression  of  the  front  of  the  Thyroid  cartilage,  and  relaxed 
by  its  elevation ;  by  which  action  the  intch  of  the  tones  is  regulated. 
But  for  the  production  of  any  vocal  tones  whatever,  they  must  be 
brought  into  a  nearly  parallel  condition,  by  the  mutual  approxi- 
mation of  the  points  of  the  arytenoid  cartilages  to  which  they  are 
attached;  whilst  in  the  intervals  of  vocalization,  these  are  separated,  so 
that  the  rima  glottidis,  or  fissure  between  the  chordae  vocales,  assumes 
the  foi-m  of  a  narrow  V,  with  its  point  directed  backwards.  Thus  there 
are  two  sets  of  movements  concerned  in  the  act  of  vocalization; — the 
regulation  of  the  relative  position  of  the  Vocal  Cords,  which  is  effected 
by  the  movements  of  the  Arytenoid  cartilages ; — and  the  regulation  of 
their  tension,  which  is  determined  by  the  movements  of  the  Thyroid 
cartilage.  The  Arytenoid  cartilages  are  made  to  diverge  from  one  another 
by  means  of  the  Grico-arytenoidei  postici  of  the  two  sides  (sr  I,  N  I),  which 
proceed  from  their  outer  corners,  and  turn  somewhat  round  the  edge  of 
the  Cricoid,  to  be  attached  to  the  lower  part  of  its  back;  their  action  is 
to  draw  the  outer  comers  of  the  Arytenoid  cartUages  outwards  and  down- 
wards, so  that  the  points  to  which  the  vocal  ligaments  are  attached  are 
separated  from  one  another,  and  the  rima  glottidis  is  thro^vn  open.  The 
action  of  these  muscles  is  antagonised  by  that  of  the  Arytenoideus  trans- 
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versus,  whicli  draws  together  the  Arytenoid  cai-tilages;  and  by  that  of  the 
Crico-mytenoidei  laterales  of  the  two  sides  (n  x),  which  run  forwards  and 
downwards  from  the  outer  corners  of  the  Arytenoid  cartilages,  and  tend 
by  their  contraction  to  bring  together  their  anterior  points,  to  wliich  the 
Vocal  ligaments  are  attached. — The  depression  of  the  front  of  the  Thyroid 
cai'tilage,  and  the  consequent  tension  of  the  vocal  ligaments,  are  occasioned 
by  the  conjoint  action  of  the  Grico-thyroidei  of  the  two  sides,  which  occa- 
sions the  Thyroid  and  Cricoid  cartilages  to  rotate,  the  one  upon  the  other, 
at  the  articulation  formed  by  the  inferior  comua  of  the  former ;  and  this 
action  will  be  assisted  by  the  Sterno-thyroidei,  which  tend  to  depress  the 
front  of  the  Thyroid  cartilage,  by  pulling  from  a  fixed  point  below.  On 
the  other  hand,  the  elevation  of  the  front  of  the  Thyroid  cartilage,  and 
the  relaxation  of  the  Vocal  ligaments,  are  efiected  by  the  contraction  of 
the  Thyro-wrylenoidei  of  the  two  sides  (v  k  f),  whose  attachments  are  the 
same  as  those  of  the  Vocal  ligaments  themselves;  and  this  is  aided  by 
the  Thyro-lbyoidei,  which  will  tend  to  draw-up  the  front  of  the  Thyroid 
cartilage,  acting  from  a  fixed  point  above. 

7  35.  During  the  ordinary  acts  of  inspiration  and  expiration,  the  Chordfe 
Vocales  appear  to  be  widely  separated  from  each  other,  and  to  be  in  a 
state  of  the  freest  possible  relaxation.  In  order  to  produce  a  vocal  soimd, 
they  must  be  made  to  approach  one  another,  and  their  inner  faces  must 
be  brought  into  parallelism;  both  of  which  ends  are  accomplished  by  the 
rotation  of  the  Arytenoid  cartilages  :  whilst,  at  the  same  time,  they  must 
be  put  into  a  certain  degree  of  tension,  by  the  depression  of  the  Thyroid 
cartilage.  Both  of  these  movements  take  place  consentaneously,  and  are 
mutually  adapted  to  each  other;  the  vocal  ligaments  being  approximated, 
and  the  rima  glottidis  consequently  narrowed,  at  the  same  time  that  their 
tension  is  increased. — It  has  been  fully  proved  by  the  researches  of 

Willis,  Miiller,  and  others,  that  the 
Pig.  300.  action  of  the  Vocal  ligaments,  in  the 

production  of  sound,  bears  no  resem- 
tjlance  to  that  of  vibrating  strings ; 
and  that  it  is  not  comparable  to  that 
of  the  mouth-piece  of  the  flute-pipes 
of  the  Organ;  but  that  it  is,  in  all 
essential  particulars,  the  same  with 
that  of  the  '  reeds'  of  the  Hautboy 
or  Clarionet,  or  the  '  tongues'  of  the 
Accordion  or  Concertina.  An  '  arti- 
ficial larynx'  has  been  constructed  on 
this  principle,  which  may  be  made 
to  produce  sounds  very  similar  to  the 
vocal  tones  of  Man.  Its  general  ar- 
rangement may  be  understood  from 
Fig.  300 ;  in  which  c  is  the  pipe  for  tlie 
passage  of  air,  D  a  ring  at  its  summit 
for  the  attachment  of  the  flexible 
vibrating  plates,  B  its  long  andnaiTOw 
orifice  A  a  pin  that  serves  as  a  fixed  point  from  which  the  tension  may 
take  place,  whilst  E,  F  are  two  bits  of  cork  glued  to  the  corners  of  the 
vibrating  plates,  by  which  they  may  be  more  conveniently  moved  and 
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strained  so  as  to  bring  the  edges  of  the  slit  G  h  near-together  and  into 
paTXt^.  and  to  re|ulate  th^ir  tension.-The  loudness  of  the  voice  is 
often  increased  by  some  special  apparatus  of  resonance.  This  is  parti- 
culai-ly  the  case  with  the  'Howling  Monkeys'  of  America,  whose  larynx 
possesses  several  pouches  opening  from  it,  one  of  which  is  excavated  m  the 
substance  of  the  hyoid  bone  itself.  Although  these  Monkeys  are  of  incon- 
siderable size,  yet  their  voices  are  louder  than  the  roaring  of  lions;  that 
of  a  single  individual  is  distinctly  audible  at  a  distance  of  two  niiles ;  and 
when  a  number  of  them  are  congregated  together,  the  effect  is  terrihc. 

736  The  actions  of  the  Larynx  are  among  the  most  interesting  ex- 
amples of  the  use  made  by  VoUtion  of  the  automatic  portion  of  the 
nervous  apparatus  (§  693).    For  the  Will  cannot  influence  the  state  of 
contraction  of  any  of  the  vocalizing  muscles,  except  %n  the  act  ofvocakza- 
tion;  and  it  is  requisite  for  the  performance  of  this  act,  that  the  tone  to 
be  produced  should  have  been  previously  conceived  (however  momentanly) 
in  the  mind,  so  that  this  conception  takes  the  place  of  the  guiding  sensa- 
tion, in  regulating  the  actions  of  the  muscles  which  produce  it  (§  683). 
Whenthis  cannot  be  formed,  in  consequence  of  congenital  absence  of  the 
sense  of  hearing,  the  power  of  producing  vocal  tones  can  only  be  acquired 
by  attention  to  the  muscular  sensations;  and  the  result  of  this  is  very 
imperfect. — The  vocal  sounds  produced  by  the  action  of  the  larynx,  are  of 
very  different  characters;  and  maybe  distinguished  into  the  cry,  the  song, 
and  the  ordinary  or  acquired  voice.    The  cry  is  generally  a  sharp  sound, 
having  little  modulation  or  accuracy  of  pitch,  and  being  usually  disagree- 
able in  its  'timbre'  or  quality.    It  is  that  by  which  animals  express  their 
unpleasing  emotions,  especially  pain  or  terror;  and  the  Human  infant, 
like  many  of  the  lower  animals,  can  utter  no  other  sound.    In  song,  by  the 
regulation  of  the  vocal  cords,  definite  and  sustained  musical  tones  are 
l^roduced,  which  can  be  changed  or  modulated  at  the  will  of  the  individual. 
Different  species  of  Birds  have  their  respective  songs ;  which  are  partly 
instinctive,  and  partly  acquired  by  education.    In  Man,  the  power  of 
song  is  entirely  acquired ;  but  some  individuals  possess  a  much  greater 
facility  in  acquiring  it  than  others ;  this  superiority  appearing  to  depend 
on  their  more  precise  conception  of  the  tones  to  be  sounded,  and  on  their 
power  of  more  ready  imitation,  as  well  as  on  differences  in  the  construc- 
tion of  the  larynx  itself.    The  larynx  of  an  accomplished  vocalist,  obedient 
to  the  expression  of  the  emotions,  as  well  as  to  the  dictates  of  the  will, 
may  be  said  to  be  the  most  perfect  musical  instrument  ever  constructed. 
— The  voice  is  a  sound  more  resembling  the  cry,  in  regard  to  the  absence 
of  any  sustained  musical  tone ;  but  it  differs  from  the  cry,  both  in  the 
quality  of  its  tone,  and  in  the  modulation  of  which  it  is  capable  by  the 
will.    The  power  of  producing  articulate  sounds,  from  the  combination 
of  which  Speech  results,  is  altogether  independent  of  the  larynx ;  being 
due  to  the  action  of  the  muscles  of  the  mouth,  tongue,  and  palate.  Dis- 
tinctly articulate  sounds  may  be  produced  without  any  vocal  or  laryngeal 
tone,  as  when  we  whisper ;  and  it  has  been  experimentally  shown,  that 
the  only  conditicm  necessary  for  this  mode  of  speech,  is  the  propulsion  of 
a  current  of  air  through  the  mouth,  from  back  to  front.    On  the  other 
hand,  we  may  have  the  most  perfect  laryngeal  tone,  without  any  articula- 
tion ;  as  in  the  production  of  musical  sounds,  not  connected  with  words. 
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CONCLUSION. 

It  scarcely  appears  fitting  to  bring  to  a  close  this  general  survey  of  the 
Organised  Creation,  without  the  remark,  that  if  little  has  been  said  in  the 
coui-se  of  it,  upon  the  Evidences  of  Design  presented  by  the  structure  of 
Living  Beings,  it  is  because  it  has  been  thought,  that,  when  the  perfect 
adaptation  which  exists  between  all  their  minute  details,  and  the  harmony 
of  the  parts  they  have  to  perform  in  the  grand  system  of  the  Universe, 
were  being  explained  and  demonstrated,  it  might  be  safely  left  to  the 
mind  of  the  reader  to  draw  those  inferences,  which  it  is  perhaps  impos- 
sible for  any  soundly-judging  person  to  avoid  making,  who  is  unwarped 
by  the  pride  of  human  reason,  or  by  that  tendency  to  practical  disregard 
of  them,  which,  in  so  many  instances,  is  mistaken  for  a  valid  argument  on 
the  side  of  disbelief.  When  we  consider  the  universality  of  this  adapta- 
tion, so  constant  that  it  cannot  be  the  effect  of  chance, — and  the  consum- 
mate harmony  of  the  whole  result,  so  immeasurably  transcending  the 
highest  efforts  of  human  genius, — it  seems  scarcely  possible  to  arrive  at 
any  other  rational  conckision,  than  that  the  Universe,  with  all  that  it 
contains,  is  the  work  of  one  Almighty  and  Benevolent  Mind. 

All  our  Science,  then,  is  but  an  investigation  of  the  mode  in  which  the 
Creator  acts;  its  highest  '  laws'  are  but  expressions  of  the  mode  in  which 
He  manifests  His  agency  to  us.  And  when  the  Physiologist  is  inclined 
to  dwell  unduly  upon  his  capacity  for  penetrating  the  secrets  of  Nature, 
it  may  be  salutary  for  him  to  reflect,  that,  even  should  he  succeed  in 
placing  liis  department  of  study  upon  a  level  with  those  Physical  Sciences, 
in  which  the  most  complete  knowledge  of  '  causation'  (using  that  term 
in  the  sense  of  '  unconditional  sequence')  has  been  acqiiii"ed,  and  in 
which  the  highest  generalizations  have  been  attained,  he  is  still  as  far 
as  ever  from  being  able  to  comprehend  that  Power,  which  is  the  '  efficient 
cause'  alike  of  the  simplest  and  most  minute,  and  of  the  most  complicated 
and  most  majestic  phenomena  of  the  Universe.  But  when  Man  shall 
have  passed  through  this  embryo  state,  and  shall  have  undergone  that 
metamorphosis,  in  which  everything  whose  purpose  was  temporary  shall 
be  thrown  aside,  and  his  permanent  or  immortal  essence  shall  alone 
remain,  then,  we  are  encouraged  to  believe,  his  finite  mind  will  be  brought 
into  nearer  connection  with  the  Infinite,  and  his  highest  aspii-ations  after 
Tnith,  Beauty,  and  Goodness  will  be  gratified  by  the  disclosui-e  of  their 
Source,  and  by  the  increase  of  his  power  of  approach  towards  it.  The 
Philosopher  who  has  attained  the  highest  summit  of  mortal  wisdom,  is  he 
who,  if  he  use  his  faculties  ai-ight,  has  the  clearest  perception  of  the  limits 
of  human  knowledge,  and  the  most  earnest  desires  for  the  lifting  of  that 
veil  which  separates  him  from  the  Unseen.  He,  then,  has  the  strongest 
motives  for  that  humility  of  spirit  and  purity  of  heart,  without  which,  we 
are  assured,  none  shall  see  God. 
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note. 

Prevost  and  Dumas,  MM.,  on  artificial 
fecundation,  533 ;  on  penetration  of  sper- 
matozoon into  ovum,  636. 

Prichard,  Dr.,  on  hybrid  races,  634. 

Pring,  Dr.,  on  Noctiluca,  443,  444. 

Pringsheim,  Dr.,  on  germination  of  spores 
of  Spirogyra,  491. 

Prout,  Dr.,  on  crude  albumen,  380. 


Q. 

Quatrefages,  M.  de,  on  general  cavity  of 
body  in  Invertebrata,  227 — 230  note; 
on  circulation  in  Echinodermata,  227; 
on  circulation  in  Annelida,  230,  231  ; 
on  phlebenterism,  253  note;  on  respi- 
ration of  Echinodermata,  297  note ;  on 
vascular  system  of  Nemertians,  298  ; 
on  respiration  of  Annelida,  310  note; 
on  blood  of  Annelida,  393  note;  on  Noc- 
tiluca, 443 ;  on  luminosity  of  Annelida, 
446  ;  on  development  of  Anodon  and  Te- 
redo, 575,  576 ;  on  nervous  system  of 
Annelida,  675mo^e/on  organs  of  hearing 
of  Annelida,  720;  on  eyes  of  Annelida, 
726. 

Quekett,  Mr.  J.,  on  respii-ation  of  Decapod 

Crustacea,  311. 
Quetelet,  M.,  on  sexes  of  Animals,  629. 

E. 

Rainey,  Mr.  T.,  on  ascent  of  sap,  215  note; 
on  structure  of  lung  of  Bird,  329  note; 
on  lung  of  lower  Mammalia,  330  note. 

Ralfs,  Mr. ,  on  Desmidete,  487  note. 

Rathke,  Prof.,  on  development  of  venous 
system,  276  note. 

Rees,  Dr.  G.  0.,  on  composition  of  chyle 
and  lymph,  382,  383;  on  phosphorized 
fats  of  blood,  389. 

Regnault  and  Reiset,  MM.,  on  gaseous  pro- 
ducts of  respiration,  335,  336. 
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Reid,  Dr.  John,  on  asphyxia,  266  note; 
on  circulation  in  foetus,  274  note;  on  in- 
fluence of  exercise  on  nutrition,  405 ;  on 
reproduction  of  Medusae,  655. 

Reinhardt,  Dr.,  on  Graafian  vesicle,  618. 

Roget,  Dr.,  on  economy  of  nutritive  matter, 
144  note;  on  electric  Pishes,  472. 

Ross,  Capt.,  on  change  of  colour  of  Lem- 
ming, 460. 

Rouget,  M,,  on  ova  of  Hydra,  544. 


S. 

Salter,  Dr.  Bell,  on  vegetable  hybrids,  634. 

Sars,  Dr.,  on  production  of  Medusa-buds 
from  Hydroid  zoophytes,  651 ;  on  repro- 
duction of  Medusffi,  553  note;  on  gem- 
mation of  Medusae,  558  ;  on  development 
of  Asteriada,  562  ;  on  Salpae,  574. 

Savigny,  M. ,  on  auditory  organ  of  Ascidians, 
719. 

Saussure,  M.,  on  production  of  carbonic 
acid  by  flowers,  288,  289. 

Schacht,  Prof.,  on  generation  of  Phanero- 
gamia,  516  note. 

Schleiden,  Prof.,  on  circulation  in  Plants, 
215  note;  on  ascending  current  of  sap, 
216,  217;  on  laticiferous  circulation,  218 
note;  on  effect  of  excess  of  carbonic  acid 
in  air,  284 ;  on  formation  of  vegetable 
proximate  principles,  369  note;  on  deve- 
lopment of  spores  of  Fungi,  500 ;  on 
generation  of  Phanerogamia,  516  note. 

Schultz,  Prof.,  on  laticiferous  circulation, 
218. 

Schulze,  Dr.,  on  spontaneous  generation, 
473. 

Schwann,  Prof.,  on  respiration  of  ovum, 
614  note. 

Sharpey,  Prof.,  on  ciliary  movement  in  ten- 
tacula  of  Actinia,  294  note;  on  ciliary 
movement  in  ciiThi  of  Asteriada,  296  note; 
on  ciliary  movement  on  brancliias  of 
Lamellibranchiata,  806  wo<e;  on  nervous 
system  of  Cephalopods,  661. 

Siebold,  Prof.,  on  structure  of  Cestoid  En- 
tozoa,  153;  on  water-vascular  system  of 
Echinodermata,  297  note;  on  aquiferous 
system  of  Cestoidea,  300  note;  on  repro- 
duction of  Medusffi,  553  note ;  on  meta- 
morphosis of  Cestoidea,  586,  587 ;  on 
Diplozoon,  589  ;  on  development  of  Plana- 
ria,  589;  on  auditory  capsules  of  (gas- 
teropoda, 720;  on  eye  of  Cephalopoda, 
730  note. 

Simon,  Mr.,  on  Thymus  gland,  385;  on 
fibrin  of  blood,  389  note. 

Simpson,  Prof.,  on  reproduction  of  human 
limbs,  480. 

Smith,  Dr.  Southwood,  on  cutaneous  ab- 
sorption, 211 ;  on  exhalation,  349. 


Smith,  Rev.  W.,  on  sporangium,  4&7note; 
on  germination  of  .spore  of  Conjugateae, 
&c.,  491  note. 

Souleyet,  M.,  on  auditory  organs  of  Hetero- 
pod  MoUusks,  720  note. 

Spallanzani,  Abbe,  his  experiments  on  re- 
spiration, 335  ;  on  artificial  fecundation, 
533. 

Stannius,  Prof. ,  on  nervous  system  of  Am- 
phinomidae,  670  note. 

Steenstrup,  Prof.,  on  alternation  of  genera- 
tions, 483  note,  653  note. 

Stein,  Prof.,  on  conjugation  of  Gregarinae, 
641 ;  on  metamorphosis  of  Vorticellinae, 
541,  542. 

Stutchbury,  Mr.  S.,  on  changes  of  form  of 

shells  with  age,  633. 
Suminski,  Count  Leszczyc,   on  generation 

of  Ferns,  510  note. 
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Taylor,  Mr.,  on  air-bladder  of  Cuchia,  324. 

Teale,  Mr.  T.  P.,  on  structure  of  Actinia, 
171  note,  546  note. 

Todd  &  Bowman,  Messrs.,  on  nervous  sys- 
tem, 709  note  ;  on  ciliary  muscle,  735. 
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monsters,  480  note;  on  generation  of 
Hydra,  544. 

Thompson,  Mr.  J.  V.,  on  metamorphosis  of 
Cirr bipeds,  13  ;  on  metamorphosis  of 
Pentacrinus,  562 ;  on  metamorphosis  of 
Crustacea,  605. 

Thuret,  M.,  on  generation  of  Algae,  493, 
494;  on  zoospores  of  higher  Algae,  494 
note;  on  antherozooids  of  Characeae, 
496  note ;  on  generation  of  Equisetaceae, 
611. 

Thwaites,  Mr.,  on  conjugation  of  Diato- 
maceae,  489  note;  on  tetraspores  of 
Florideae,  494  note:  on  generation  of 
Mosses,  504  note;  505  note. 

Trembley,  M. ,  on  reproduction  of  parts  in 
Hydra,  478. 

Tulasne,  M.,  on  generation  of  Lichens,  497; 
on  generation  of  Fungi,  500,  501  ;  on 
generation  of  Phanerogamia,  516  note. 

Tyndall,  Dr.,  on  conduction  of  heat  by 
Plants,  450. 

U. 

TJnzer,  on  nervous  system,  709  note. 
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note. 
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Van  Beneden,  Prof.,  on  Nicothoe,  100;  on 
structure  of  Cestoid  Entozoa,  153  ;  on 
aquiferous  system  of  Cestoid  Entozoa, 
299,  300;  on  reproduction  of  Hydroida, 
552;  on  reproduction  of  Bryozoa,  569; 
on  metamorphoses  of  Cestoid  Entozoa, 
586,  587. 

Varley,  Mr.  C,  on  circulation  in  Chara, 
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Verany,  M.,  on  Hectocotylus,  583. 

Verdeil,  M.,  on  food  of  Plants,  139. 

VUle,  M.  Georges,  on  nitrogen  of  atmo- 
sphere, 140. 

Vogt,  Prof.,  on  development  of  Gasteropoda, 
678 — 580 ;  on  Hectocotylus,  583  note. 

Volkmann,  Prof.,  on  movements  of  lym- 
phatic hearts,  205. 

Vrolik  and  Vriese,  MM. ,  on  development 
of  heat  in  flowering,  451. 

Vrolik,  Prof.,  on  double  monstrosity,  480 
note, 

W. 

Wagener,  Dr.,  on  vascular  system  of  Ces- 
toidea,  300  note. 

Wagner,  Prof.,  on  development  of  Sperma- 
tozoa, 533 ;  on  penetration  of  sperma- 
tozoon, 536 ;  on  male  organs  of  Actinia, 
546. 


Waller,  Dr.  A.,  on  influence  of  section  of 
nerves  on  their  nutrition,  406. 

Wallich,  Dr.,  on  Dischidia,  152. 

Ward,  Mr.  N.  B.,  on  variations  of  size  in 
Plants,  137. 

Weber,  Prof.  E.  H. ,  on  formation  of  blood- 
corpuscles  in  liver,  380;  on  sense  of 
temperature,  714. 

Wheatstone,  Prof.,  on  the  stereoscope, 
737. 

White,  Mr.,  on  reproduction  of  human 
thumb,  480  note. 

WUl,  Dr.,  on  organs  of  hearing  in  Medusae, 
719  note;  on  eyes  of  Pecten,  &c.,  726. 

WUliams,  Dr.  Thos.,  on  chylaqueous 
fluid,  47  note,  227  note,  230,  392— 
394;  on  circulation  in  Echinodermata, 
227 ;  on  circulation  in  embryo-lulus, 
235 ;  on  circulation  in  Insects,  238  ;  on 
respiration  of  Echinodermata,  297  note ; 
on  respiration  of  Annelida,  310  note;  on 
respiration  of  Insects,  318,  322;  on  nu- 
tritive fluids  of  Invertebrata,  392 — 394  ; 
on  structure  of  Liver,  419. 

Williamson,  Prof.,  on  Melicerta,  591. 

WUlis,  Prof.,  on  actions  of  larynx,  742, 

Woodward,  Dr.,  on  vegetable  exhalation, 
343. 

Z. 

Zimmerman,  Dr.,  on  fibrin  of  blood,  389. 
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Aberrations,  correction  of,  in  Eye,  734. 

Absorbent  Glandulae,  203. 

Absorbent  System,  peculiar  to  Vertebrata, 
201;  general  structure  of,  201—203;  in 
Fishes,  203,  204 ;  in  Reptiles,  204,  205; 
in  Birds,  205;  in  Mammals,  205,  206; 
movement  of  fluid  in,  206,  207;  assimi- 
lating action  of,  381 — 384. 

Absorption,  125  ;  physical  principles  of, 
186—192;  in  Plants,  193—199;  by 
general  surface,  193  ;  by  roots,  194 — 
197;  by  leaves,  197,  198;  in  Animals, 
199 — 211 ;  from  walls  of  digestive  cavity, 
200;  by  blood-vessels,  201,  207—211; 
by  lacteals,  201,  208;  by  lymphatics, 
202,  208—210;  by  general  surface,  211. 

Abstinence,  power  of,  in  different  animals, 
149. 

AcALEPH^,  general  characters  of,  45,  46; 
polystome  forms  of,  157,  158;  oral  ap- 
pendages of,  161;  digestive  apparatus  of, 
172,  173;  respiration  in,  294,  295; 
nutritive  fluid  of,  392 ;  luminosity  of, 
445 ;  generation  and  development  of, 
553—560 ;  composite  forms  of,  560,  561 ; 
aiitomatic  movements  of,  645 ;  nervous 
system  of,  553  ;  auditory  organs  of,  718; 
supposed  visual  organs  of,  726  note. 

Acaridce,  71;  digestive  apparatus  of,  177; 
tracheal  respiration  of,  322 ;  generation 
and  development  of,  608,  609. 

Acephalous Molluslcs,  55,  58;  seeBRACHio- 
PODA  and  Lamellibranchiata. 

Acids,  Vegetable,  composition  and  formation 
of,  373,  374. 

Acineta,  production  of,  from  Vorticella,  542. 

A  clilya  proUfera,  zoospores  of,  367. 

Acquired  peculiarities,  hereditary  transmis- 
sion of,  637,  640. 

ACROGENS,  28. 

Acteon,  development  of,  578 — 580. 

Actinia,  general  structure  of,  44,  45;  oral 
apparatus  of,  160 ;  digestion  in,  171 ; 
respiration  of,  295 ;  nutritive  fluid  of, 
392 ;  hepatic  cells  of,  417  ;  regeneration 
of  parts  in,  477,  478  ;  generation  and  deve- 
lopment of,  546,  547;  gemmation  of,  647. 


Actimform  Zoophytes,  45;  mutual  com- 
munications of  digestive  cavity  in,  171, 
172  ;  reproduction  in,  545 — 547. 

Actinophrys,  ingestion  of  food  by,  154; 
conjugation  of,  540. 

A  eration,  282  ;  see  Eespiration. 

Aeriferous  branchisE  of  Insects,  321. 

Agaric,  generative  apparatus  of,  501. 

Agastric  Animals,  153. 

Age,  influence  of,  on  nutritive  activity,  406, 
407. 

Air,  alteration  in,  by  Vegetable  respiration, 
283 — 289;  by  Animal  respiration,  334 
—339. 

Air-bladder  of  Fishes,  323,  324. 
Air-cells  of  lungs,  330. 
ALr-sacs  of  Insects,  318,  319;  of  Birds, 
328. 

Albumen,  composition  and  formation  of,  in 
Plants,  377  ;  use  of,  in  Vegetable  nutri- 
tion, 361;  in  Animal  nutrition,  144,  377; 
assimilation  of,  380 ;  proportion  of,  in 
blood,  386,  387 ;  uses  of,  388,  401  ; 
metamorphoses  of,  403,  404. 

Albumen  of  Seed,  520. 

Albuminous  compounds,  use  of,  as  food, 
144,  145. 

Alcyonian  Zoophytes,  45 ;  mutual  com- 
munications of  digestive  cavity  in,  157, 
171,  172 ;  generation  of,  547. 

ALQiE,  general  structure  of,  23 — 25;  ab- 
sorption in,  193;  absence  of  circulation 
in,  213;  zoospores  of,  367,  491,  494; 
generation  and  development  of,  485 — 
— 495;  spontaneous  movements  of,  640. 

Aliment,  sources  of  demand  for,  in  Plants, 
132—134;  in  Animals,  134—137;  in- 
fluence of,  on  size,  137,  138 ;  on  mode  of 
development,  121,  136;  different  kinds 
of,  in  Plants,  139 — 141 ;  in  Animals, 
141 — 148;  frequency  of  demand  for, 
149,  150;  ingestion  and  preparation  of, 
in  Plants,  151,  152:  in  Animals,  153 — 
169  ;  digestion  of,  169—185. 

Allantoin,  435. 

Allantois,  development  and  ofiices  of,  625. 
Alternation  of  Grenerations,  482,  483,  510, 

528 ;  of  MedusK,  559 ;  of  Salpre,  573, 

574. 
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Amaroucium,  circulation  in,  246 ;  develop- 
ment of,  571,  572. 

Ammonia,  of  atmosphere,  the  source  of 
supply  of  nitrogen  to  Plants,  139,  140; 
restoration  of,  to  atmosphere,  by  decom- 
position of  Urinary  products,  435. 

Amnion,  formation  of,  622. 

Ammba,  40;  ingestion  of  food  by,  154. 

Amphibia,  see  Batrachia  and  Perenni- 
branchiata. 

Amphicyon,  teeth  of,  111. 

Amphioxus,  ingestion  of  food  by,  160  ;  cir- 
culation in,  257;  respiration  in,  313, 
314  ;  blood  of,  387  ;  liver  of,  425 ;  kidney 
of,  430 ;  nervous  system  of,  676. 

Ainphipoda,  respiration  of,  310,  311. 

A  mphitheritun,  teeth  of,  94. 

Amphitima,  scapular  arch  of,  9 ;  respiration 
of,  316,  325. 

Analogy  and  Homology,  6,  7. 

Animal  functions,  122  ;  relation  of,  to 
Organic  functions,  123 — 125. 

Animal  Heat,  see  Heat. 

Animal  Kingdom,  principal  types  of  struc- 
ture of,  16,  17  ;  general  view  of,  37 — 95 ; 
geological  succession  of,  107 — 117. 

Animalcules,  see  Infusoria,  Ehizopoda, 
and  RoTiFERA. 

Annelida,  general  structure  of,  60 — 63; 
repetition  of  parts  in,  19  ;  oral  apparatus 
of,  161;  digestive  apparatus  of,  175; 
circulation  in,  229 — 235;  respiration  in, 
308—310 ;  nutritive  fluids  of,  393,  394  ; 
hepatic  cells  of,  417,  419;  luminosity  of, 
446;  fissiparous  multiplication  of,  591, 
592  ;  generation  and  development  of,  592 
—595;  nervous  system  of,  663 — 670; 
organs  of  hearing  of,  720 ;  eyes  of,  726. 

Anobium,  sound  produced  by,  739. 

Anodon,  development  of,  576. 

A  noplotlierium,  embryonic  characters  of ,  1 1 1 . 

Antennre  of  Insects  and  Crustacea,  use  of 
as  instruments  of  Touch,  713  ;  organs  of 
Smell  and  Hearing  probably  contained  in, 
717,  720-— 722. 

Antheridia,  of  Fucacese,  493 ;  of  Hepaticee 
and  Mosses,  502;  of  Ferns,  507;  of 
Equisetacese,  511 ;  of  Lycopodiacese,  512  ; 
of  MarsUeacese,  513. 

Anthers,  35,  516. 

Antherozoids,  of  Spirogyra,  490,  note;  of 
Fucacese,  493;  of  Florideaj,  497;  of 
Characese,  495;  of  Hepaticse  and  Mosses, 
502 ;  of  Perns,  507 ;  of  Lycopodiaceoe, 
512;  of  Marsileacea;,  513. 

Annual  layers  of  wood,  371. 

Annual  Plants,  524,  636. 

Antirrhinum,  monstrosity  of,  105. 

Aorta,  formation  of,  273;  distribution  of 
branches  of,  279. 

Aphides,  asexual  reproduction  of,  67,  596, 


SUBJECTS.  753 

A'plyda,  54 — 56 ;  gizzard  of,  166 ;  nervous 

system  of,  659. 
Apothecia,  of  Lichens,  497. 
Appendages    to   axis   of    Plants,  spiral 

arrangement  of,  28,  30,  33,  34. 
A'ppendicularia,  respiration  of,  301,  303, 

304  ;  retention  of  larval  form  in,  572. 
Apterous  Insects,  602. 
A^iteryx,  diaphragm  of,  329. 
Araohnida,  general   characters   of,    71 ; 

digestive  apparatus  of,  177;  circulation 

in,  239—242;  respiration  in,  322;  nutri- 
tive fluid  of,  394,  395 ;  liver  in,  421 ; 

kidney  of,  429  ;  regeneration  of  parts  in, 

478;   generation  and   development  in, 

607—609  ;  nervous  system  in,  673,  674  ; 

eyes  of,  729. 
Araneidce,  circulation  in,  242;  generation 

and  development  of,  607 — 609  ;  nervous 

system  of,  673,  674. 
Archegonia,  ofAlgse,  493;  ofHepaticje  and 

Mosses,  503,  504 ;  of  Ferns,  508,  509  ; 

of  Equisetaceae,  511 ;  of  Lycopodiacese, 

512;  of  Marsileacese,  513. 
Archetype,  general  conformity  to,  10,  11 ; 

reversion  to,    in    monstrosities,  105; 

closer  conformity  to,  among  earlier  forms 

of  Animals,  107—111. 

 skeleton  of  Vertebrata,  72,  73. 

Area  germiaativa,  620. 

 pellucida,  620. 

 vasculosa,  269,  620,  621. 

Arenicola,  142 ;  circulation  in,  233,  234  ; 

respiration  of,  309,  310. 
Argonaut,  shell  of,  581 ;  male  of,  581-583  ; 

nervous  system  of,  661. 
Arteries,  '222,  223 ;  development  of,  271— 

274. 

Artioitlata,  general  characters  of,  38,  59  ; 
circulation  in,  229;  nutritive  fluid  of, 
393,  394  ;  nervous  system  in,  663—669  ; 
predominance  of  instinct  in,  693,  694, 
705  ;  organs  of  touch  of,  713  ;  organs  of 
smell  of,  717  ;  organs  of  hearing  of,  720 
— 722  ;  compound  eyes  of,  726—729. 

Arvm,  production  of  carbonic  acid  by,  in 
flowering,  288 ;  production  of  heat  by, 
451. 

Ascaris,  generation  of,  589,  590;  segmen- 
tation of  ovum  of,  537,  538. 

Ascending  Sap,  nature  of,  216,  217,  369, 
370. 

Ascent  of  Sap,  214,  216;  causes  of,  197, 
215,  216. 

Asci,  of  Lichens,  497;  of  Fungi,  501. 

Aseidians,  circulation  in,  246 ;  respiration 
of,  303,  304;  organ  of  hearing  in,  719. 

  Compound,  gemmation  and  gene- 
ration of,  570—574  ;  movements  of  lai-vaj 
of,  645  ;  see  Tunioata. 

Asdmilaiion,  general  nature  of,  127,  356 
357 ; — in  Plants,  simplest  form  of,  360 

3  c 
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361 ;  progressive  steps  of,  iu  Vascular 
Plants,  369—371  :— in  Animals,  379  ;  by 
agency  of  liver,  370,  424 ;  by  absorbent 
system,  381—384;  by  vascular  glands, 
384,  385. 

A  stacm,  development  of  respiratory  organs 
in,  312 ;  nei-vous  system  of,  672,  673. 

Astenada,  general  structure  of,  46 — 48 ; 
ingestion  of  food  by,  161 ;  digestive  ap- 
paratus of,  173 ;  circulation  in,  228 ; 
respiration  of,  295,  296  ;  regeneration  of 
rays  of,  478;  development  of,  562 — 566; 
nervous  system  of,  653;  supposed  eyes 
of,  726. 

Asteroida,  see  Alcyonian  Zoopliytes. 
Atmosphere,  see  Air. 

Auditory  Ganglia,  676 ;  see  Sensory  Ganr/lia. 
Automatic  action  of  Cerebrum,  700,  701 ; 

controlled  and  directed  by  Will,  702, 

707—709. 

Automatic  Movements,  649 — 651 ;  per- 
formed by  gangliated  cord  of  Articulata, 
665,  666;  by  Cranio-Spinal  axis  of  Ver- 
tebrata,  685 — 696  ;  see  Consensual  and 
Excito-motor  movements. 

Axis,  of  Mosses,  28 ;  of  Ferns,  30,  31 ; 
of  Phanerogamia,  32,  33. 

Azotized  compounds,  in  food  of  Animals, 
144,  145  ;  formation  of,  in  Plants,  375 
—377. 

Azotized  products  of  retrograde  metamor- 
phoses, 402 — 404. 
Azygos  Veins,  276. 

B. 

Balancing  of  Organs,  102,  103, 

Bcdanus,  development  of,  13,  14. 

Balsamina  impatiens,  movements  of,  644. 

Barnacle,  development  of,  13,  14 ;  homo- 
logies of,  14,  15. 

Basidia,  of  Fungi,  500. 

Bat,  wings  of,  3,  6 ;  temperature  of,  459. 

BatracJiia,  general  structure  of,  81 — 85; 
digestive  apparatus  of,  178;  lymphatic 
heai-ts  of,  204;  cuxulation  in,  258 — 
261;  respiration  in,  316,  317,  325; 
cutaneous  exhalation  in,  348,  349 ;  re- 
production of  lost  parts  in,  479  ;  genera- 
tion in,  611,  612,  619 ;  nervous  system 
in,  681;  organ  of  hearing  in,  722. 

Bees,  artificial  production  of  queens  by, 
138;  instincts  of,  667,  694,  705;  heat 
evolved  by,  455—457  ;  sounds  produced 
by,  738,  739. 

Beroe,  general  structure  of,  45;  gemma- 
tion of,  560 ;  nervous  system  of,  653. 

Berbe7-ry,  movements  of,  642. 

Bile,  composition  of,  425,  426;  use  of,  in 
digestion,  184,  185;  ultimate  destina- 
tion of,  426—428 ;  metastasis  of  secre- 
tion of,  440. 


Biliary  Ducts,  422—424. 
Binocular  vision,  736,  737. 
Bipinnaria,  larva  of  Star-fisli,  566,  566. 
BiHDS,    general   structure   of,    85 — 89; 
wings  of,  3,  83 ;  gizzard  of,  167,  179,' 
180 ;  digestive  apparatus  of,  179,  180; 
absorbent  system  of,  205 ;  circulation  of,' 
263  ;  respiration  of,  327—330  ;  blood  of, 
387,  395;   liver  of,  422;  kidney  of, 
430,  431 ;  production  of  heat  by,  458  ; 
generation  and  development  of,  612 — 
615,  619 — 625  ;  nervous  system  of,  681, 
682;  psychical  powers  of,  706;  touch 
of,  712 ;  smell  of,  718 ;  hearing  of,  722  ; 
vision  of,  732  ;  larynx  of,  740. 
Bitter  principles,  Vegetable,  composition 

and  formation  of,  373. 
Bivalve  Molluslcs,  51,  52 ;  see  Brachio- 

PODA  and  Lambllibranchiata. 
Blastema,  399 ;  production  of  cells  in, 

399,  400;  fibiillation  of,  400,  401. 
Blastodermic  Vesicle,  620. 
Blood,  of  Vertebrata,  elaboration  of,  379 — 
385  ;  composition  and  properties  of,  385 
—387;  coagulation  of,  387,  388;  offices 
of  constituents  of,  388 — 391 ;  influence 
of  respiration  on,  333,  334. 

 ,  representative  of,  in  Invertebrata, 

391 ;  in  Eadiata,  392 ;  in  Articulata, 
393—395;  in  MoUusca,  395. 
Blood-corpuscles,    386 — 389 ;  embryonic, 

protracted  existence  of,  355,  356. 
Blood-vessels,  222 — 225 ;  see  Arteries,  Ca- 
pillaries, and  Veins. 
Bostrichus  fypogra2Jhus,  140. 
Botryllidw,  57,  58 ;  circulation  in,  246 ; 

development  of,  570,  571. 
Bovista  gigantewni,  rapid  growth  of,  368. 
Bkachiopoda,  ingestion  of  food  by,  159; 
circulation  in,  249,  250 ;  respiration  in, 
304,  305 ;  generation  in,  574 ;  nervous 
system  in,  656. 
Brachyourous   Decapods,  69 ;  metamor- 
phosis of,  605 ;  see  Crab. 
Brain,   see   Gerebrutn,    Cerebellum,  and 

Sensory  Ganglia. 
Branchellion,  respiration  of,  310. 
Branchial  arches,  common  to  all  Verte- 
brata, 102 ;  of  Fishes,  256,  312,  313 ; 
of  Tadpole,  260 ;  of  embryo,  271—274. 
Branchial    EBspiration,    300 — 317;  see 

Respiration,  Apparatus  of. 
Branchiobdella,  water-vascular  system  in, 
300. 

Branchiopoda,  respiration  of,  310. 
Breeds,  origination  of  new,  638. 
Bryophyllum,  reproduction  from  leaves  of, 

21  note,  522. 
Bryozoa,  general  characters  of,   52 — 59; 

ingestion  of  food  by,  158;  gizzard^  of, 

165  ;    digestive    apparatus  of,    176  ; 

movement  of  nutritive  fluid  iu,  226 ; 
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respiration  iu,  301 ;  mitritive  fluid  of, 
395;  hepatic  cells  of,  417;  generation 
and  development  of,  568 — 570  ;  nervous 
system  of,  655. 
Buccinum,  eggs  of,  577 ;  development  of, 
580. 

Buds,  successive  formation  of  in.  Plants, 
521—526. 

Bulbels,  of  Cliara,  497  ;  of  Marchantia  and 
Mosses,  504,  505;  of  Phanerogamia,  36, 
522 :  see  Gemmation. 

Bulbus  arteriosus,  of  Fishes,  256  ;  of  em- 
bryo of  higher  Vertebrata,  271. 

Bidlidce,  olfactive  organs  of,  716. 


Cactacece,  deficiency  of  leaves  in,  5,  283, 

342. 
Calamites,  117. 

Cambium-layer  of  Exogenous  stem,  371. 
CampanularidcE,  generation  of,  552,  553, 
559. 

Capillaries,  222,  223;  formation  of,  224, 
225 ;  independent  movement  of  blood  in, 
264—267. 

Capillary  attraction,  187. 

Capsule  of  Hepaticje  and  Mosses,  29,  502, 
503. 

Carapace  of  Chelonia,  81. 

Carbo-hydrogens,  Vegetable,  composition 
and  formation  of,  374. 

Carbon,  source  of,  in  Plants,  139. 

Carbonic  Acid,  production  of,  by  Organized 
beings  generally,  280,  281 ;  by  Plants, 
285—289;  decomposition  of,  283—285' 
production  of,  by  Animals,  290 — 292 
liberation  of,  334 — 339  ;  use  of,  as  food 
to  Plants,  139. 

Cardinal  Veins,  276. 

Carinaria,  nervous  system  of,  659. 

Carpels,  35. 

Carpobolm,  644. 

CartUage-cells,  multiplication  of,  397,  398. 

Cartilaginous  Fishes,  respiration  of,  313  ; 
generation  in,  610,  611. 

Cells,  formation  of,  in  Plants,  360,  361 ; 
rotation  of  fluids  within,  362—364  ; 
nuclei  of,  363  ;  multiplication  of,  by  du- 
plicative subdivision,  364,  365  ;  by  oiit- 
growth,  366  ;  by  zoospores,  367  ;  by  free 
cell-formation,  368 ;  rapidity  of  produc- 
tion of,  368  ;  transformation  of,  into  other 
tissues,  369; — in  Animals,  independent 
life  of,  396  ;  multiplication  of,  by  dupli- 
cative subdivision,  397,  398  ;  by  endo- 
genous production  of,  399  ;  by  free  cell- 
formation,  399,  400. 

Cellular  Plants,  simplest  forms  of,  21^23; 
nutrition  of,  360—369  ;  reproduction  of, 
48.5—489.  ' 


Centi2)ede,  reflex  actions  of,  665,  666 :  see 
Scolopendridai. 

(7ep/tato/)MZs,  invertebrate  charactersof,114. 

Cephalic  ganglia,  of  Mollusca,  654  ;  of  Ar- 
ticulata,  663,  664,  669. 

CEPnALOPODA,  general  characters  of,  52 — 
59;  repetition  of  parts  in,  19;  oral 
and  prehensile  apparatus  of,  162;  giz- 
zard of,  166 ;  circulation  in,  253 — 255  ; 
respiration  in,  307,  308 ;  nutritive  fluid 
of,  395  ;  Hver  of,  421 ;  kidney  of,  429  ; 
generation  and  development  in,  580 — 
585 ;  nervous  system  in,  660 — 662 ;  organ 
of  smell  in,  717 ;  organs  of  hearing  in, 
720  ;  eyes  of,  730. 

Cerebellum,  peculiar  to  Vertebrata,  675 
677;  of  Fishes,  677;  of  Reptiles,  681; 
of  Birds,  681,  682 ;  of  Mammals,  684  : 
—functions  of,  696,  697. 

Cerebrum,  characteristic  of  Vertebrata, 
675;  rudiment  of,  in  Bees,  694,  note; 
its  relation  to  Intelligence,  676  :  —  of 
Fishes,  677—679 ;  of  Reptiles,  681 ;  of 
Birds,  681,  682;  of  Mammals,  682,  683  : 
— development  of,  679 — 684 ;  functions 
of,  698—703. 

Cestoidea,  absence  of  stomach  in,  153  ;  ab- 
sence of  circulation  in,  225 ;  water-vas- 
cular system  in,  298,  299 ;  generation 
and  metamorphoses  of,  585 — 587. 

Cetacea,  digestive  apparatus  of,  180,  181 ; 
circulation  of,  263,  264 ;  retention  of 
heat  by,  458,  459 ;  deficiency  of  smell 
in,  718. 

Chalazse,  of  Bird's  egg,  614. 

Chameleon,  lungs  of,  327. 

Characece,  rotation  of  fluid  in,  362 ;  mul- 
tiplication of  cells  in,  366;  generation 
of,  495,  496  ;  propagation  of,  by  gemmse, 
496,497. 

CJielonia,  peculiarities  of  conformation  of, 

80—85 ;  lungs  of,  327. 
Chitonidce,  50,  51. 

Cldamydomonas,   duplicative  subdivision 

of,  95. 
Cholesterine,  426. 
Chorda  dorsalis,  621, 
Chordae  vocales,  741. 

Chorion  of  Mammalian  ovum,  618 ;  absoiT 

bent  tufts  of,  626,  626. 
Choroid  gland  of  Fish's  eye,  731. 
Chromatic  aberration,  734. 
Chylaqueous  fluid  of  Invertebrata,  47,  391 

—395. 

Chyle,  200  ;  absorption  of,  208 ;  composi- 
tion of,  381—383. 

Chyme,  184,  200. 

Cicada,  sound  produced  by,  739. 

Cicatricula  of  Bird's  egg,  538,  614. 

Ciliary  movement,  641 ;  use  of,  for  inges- 
tion of  food,  159,  160 ;  for  respiration 
294,  295,  301—309,  316.  ' 

3  C  3 
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GiUo(jrada,  digestive  apparatus  of,  174, 
175  ;  gemmation  of,  560. 

CiucuLATiON  of  Nutritive  fluid,  126,  127 ; 
general  purposes  of,  212. 

 iu  Plants,  deficiency  of,  among 

lower  Cryijtogamia,  213;  channels  of, 
213 — 215;  in  liiglier  Cryptogamia,  213, 
214 ;  ascending  cui-rent  iu  Phanerogamia, 
and  forces  sustaining  it,  214,  215 ;  dis- 
persion of  elaborated  sap,  and  forces  sus- 
taining it,  216 — 220;  development  of 
apparatus  of,  220. 

:   in  Animals,  special  purposes 

of,  221,  222 ;  channels  of,  222—225  ; 
deficiency  of,  in  Entozoa,  Zoophytes,  and 
Acalephte,  225,  226;  imperfect  forms  of, 
.  inEotifera,  Bryozoa,  &c.,  226  ;  persistent 
connection  of,  with  general  cavity  of 
Invertebrata,  226,  227  ;  apparatus  of,  in 
Echinodermata,  227,  228;  vnArticulata, 
229;  Annelida,  229—235;  Myriapoda, 
235  —  237;  Insects,  237  —  239;  Arach- 
nida,  239—242;  Crustacea,  242—245; 
in  Mollusca,  245 ;  Bryozoa,  246  ;  Tuni- 
cata,  246— 249  ;  Brachiopoda,  249,  250 ; 
Lamellibranchiata,  250,  251 ;  Gastero- 
poda, 251—253;  Cephalopoda,  253— 
255  ;  in  Vertehrata,  255,  256 ;  Fishes, 
256—258;  Batrachia,  258—261;  Eep- 
tiles,  258 — 262;  Birds  and  Mammals, 

■  263,  264;  development  of,  269—280; 
forces  sustaining  movement  of  blood  in, 
264—268. 

Girrliigrada,  157  note;  reproduction  of, 
560. 

Cirrhipeda,  13  ;  homologies  of,  14,  15  ;  in- 
gestion of  food  by,  160 ;  generation  of, 
605 — 607  ;  development  and  metamor- 
phoses of,  13 — 15,  100  ;  nervous  system 
of,  673 ;  eyes  of,  729. 

Clio,  prehensile  apparatus  of,  162;  gene- 
rative organs  of,  577. 

Cloaca  of  Oviparous  Vertebrata,  612,  613  ; 
of  Monotremata,  616. 

Coagulation  of  Chyle,  381,  382  ;  of  Lymph, 
382  ;  of  Blood,  387,  388. 

Cobitis,  respiration  of,  324. 

Coccocldoris,  duplicative  subdivision  of,  485. 

Cochlea,  722,  724. 

Coexistence  of  Elements,  law  of,  103,  104. 
Cold-blooded  animals,  respiration  of,  337, 
338. 

Colocasia,  heat  evolved  by,  during  flower- 
ing, 451. 

Coloiirless  Corpuscles  of  Blood,  390. 
Comatida,  general  structure  of,  48,  49  ; 

development  of,  562. 
Commissural  trunks,  of  Eadiata,  654 ;  of 

Octopus,  662;  of  Insects,  672. 
Commissures,  deficiency  of,  in  lower  forms 

of  Brain,  682. 
Compensations,  principle  of,  102,  103. 
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Complemental  males  of  Cirrhipeds,  607. 
CoNOHiFEiiA,  51 — 57  ;  see  Lamellibkan- 
OHiATA  and  Bracuioi'oda. 

Confervie,  influence  of,  on  water,  284;  mul- 
tiplication of  by  zoospores,  491 ;  dupli- 
cative subdivision  of  cells  of,  365. 

Coniferce,  generation  of,  514,  515. 

Conjugatew,  489,  490 ;  spores  of,  491  note. 

Conjugation  of  Protophyta,  486 — 490;  of 
Protozoa,  540,  541. 

Consensual  Movements,  649,708;  of  Mol- 
lusca, 658,  660 ;  of  Articulata,  664— 
667;  of  Vertebrata,  690—696. 

Contractility,  641 ;  of  Vegetable  tissues, 
644;  of  Animal  tissues,  645 — 647. 

Convergence  of  axes  of  Eyes,  735,  736. 

Co-ordination  of  muscular  movements,  by 
Cerebellum,  696,  697. 

Cordylophora,  hepatic  cells  of,  417 ;  gene- 
ration and  development  of,  549,  550. 

Coregonus,  development  of,  621 — 624. 

Corpora  Malpighiana  of  Kidney,  430 — 432. 

  Quadrigemina,  679 — 683, 

  Striata,  677,  680. 

 —  Wolfiaana,  433. 

Corpus  Callosum,  682. 

 '  Luteum,  618. 

Corpuscles  of  Blood,  386—390,  395;  of 
nutritive  fluid  of  Invertebrata,  392 — 
395  ;  of  Chyle,  381 ;  of  Lymph,  382. 

Corynidce,  generation  of,  551,  552. 

Cotyledons  of  Mammals,  626. 

  of  Phanerogamia,  development 

of,  519,  520;  uses  of,  520,  521. 

Crab,  68 ;  metamorphoses  of,  69 ;  heart 
and  blood-vessels  of,  243,  244 ;  respira- 
tion of,  311;  nervous  system  of,  673. 

Craniospinal  Axis  of  Vertebrata,  675, 
676;  functions  of,  685 — 696. 

Creatine  and  Creatinine,  435,  436;  produc- 
tion of,  437. 

Crinoidea,  geological  succession  of,  112 ; 
development  of,  562. 

Crocodile,  circidation  in,  262 ;  peritoneal 
canals  of,  327  note. 

Crop,  of  Birds,  179. 

Crustacea,  general  characters  of,  68 — 
70 ;  geological  succession  of,  107,  108 ; 
oral  apparatus  of,  159,  161 ;  prehensile 
appendages  of,  162;  reducing  apparatus 
of,  167 ;  digestive  organs  of,  176;  circu- 
lation in,  242 — 245;  respiration  in,  310 
— 312 ;  desiccation  of  gills  in,  347 ; 
nutritive  fluid  of,  394,  395;  liver  of, 
420;  kidney  of,  429;  luminosity  of,  446; 
regeneration  of  parts  in,  478 ;  generation 
and  development  of,  99,  100,  602—605; 
nervous  system  of,  672,  673 ;  olfactive 
organ  of,  717;  organ  of  hearing  in,  720 
—722;  eyes  of,  728,  729. 

Cryptooamia,  general  characters  of,  16, 
21. 
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Ctenoid  Fishes,  geological  sequence  of,  115. 
Cuchia,  circulatiou  in,  258 ;  respiration  in, 

323,  324. 
Cutaneous  Exhalation,  &c. :  see  Skin. 
Cuticle  of  Plants,  340,  341. 
Cyancea,  gastro-vascular  canals  of,  172, 

173. 

Cyanosis,  277,  278;  imperfect  calorification 
in,  460. 

Cycadece,  generation  of,  614,  515. 
Cycloid  Fishes,  geological  sequence  of,  115. 
Cyclops,  70. 

Cyclosis  in  laticiferous  vessels,  217,  218. 

Cyclostome  Fishes,  suctorial  mouths  of,  159; 
digestive  apparatus  of,  178 ;  respiration 
of,  314;  generation  in,  612;  organ  of 
hearing  in,  721. 

Cydippe,  digestive  apparatus  of,  175. 

C?/«<i'cj&niozoa,  metamorphoses  of,  586,  587. 

Cysticercus,  relation  of,  to  Taenia,  586,  587. 

Cystidea,  geological  sequence  of,  112, 

Cytceis,  gemmation  of,  558. 


D. 

Daphnia,  internal  gemmation  of,   602 ; 

development  of,  603. 
Dasya,  25. 

Death's-head  Moth,  sound  of,  739. 

Death-watch,  sound  of,  739. 

Decapod  Crustacea,  geological  succession  of, 
107,  108;  respiration  of,  311;  develop- 
ment of,  604,  605. 

Demand  for  food,  sources  of,  133 — 136 ; 
for  oxygen,  280—282,  290—292. 

Deoxidising  process  in  Plants,  373 — 377. 

Descending  Sap,  216,  217. 

Desiccation  of  gills  of  aquatic  animals,  347, 
348;  provisions  to  prevent,  311,  315. 

Desires,  nature  of,  698,  699. 

Desniidece,  conjugation  of,  486,  487. 

Deutencephalon,  679. 

Development,  general  conditions  of,  474 — - 
477;  diversities  in  grade  of,  17 — 20  ;  law 
of,  from  general  to  special,  95 — 98  ;  its 
application  to  classification,  99,  100 ; 
sequence  of,  in  Geological  time,  106 — 
107. 

  of  Organs  in  Plants; — ab- 
sorbent system,  198,  199  ;  vascular  sys- 
tem, 220  ;  respiratory  organs,  289,  290  ; 
pollen,  516,  517;  ovules,  517. 

  of  Organs  in  Animals: — 

alimentary  canal,  182 ;  capillary  blood- 
vessels, 224,  225 ;  circulating  system, 
269 — 277 ;  respiratory  organs,  in  Crus- 
tacea, 312,  in  air-breathing  Vertebrata, 
332,  333;  liver,  424,  425;  kidneys, 
432—434 ;  vertebral  column,  620,  621 ; 
nervous  centres,  679—684;  ear,  725; 
eye,  733. 


SUBJECTS.  "757 

Development  of  Plants,  485 — 528  ; — Pro- 
tophyta,  485—491;  Algffi,  493,  494; 
Lichens,  499 ;  Fungi,  501 ;  Hepatica?, 
503;  Mosses,  503,  504;  Ferns,  509; 
Lycopodiacese,  512;  MarsileaceiB,  513; 
Gymnospermese,  515;  Phanerogamia , 
519—521. 

 —  of  Animals,  earliest  stages 

of,  537—539;  Infusoria,  540—542; 
Porifera,  543;  Hydra,  544;  Actinia, 
547 ;  Compound  Hydroida,  548  ;  Aca- 
lephaj,  553 — 561 ;  Echinodermata,  562 
—568;  Bryozoa,  569;  Tunicata,  571 
— 574 ;  Lamellibranchiata,  575,  576 ; 
Gasteropoda,  577 — 580;  Cephalopoda, 
583,  584;  Cestoidea,  586,  587;  Tre- 
matoda,  588,  589 :  Nematoidea,  537, 
538;  Eotifera,  591;  Annelida,  593— 
595;  Myriapoda,  595,  596;  Insects, 
598—602  ;  Crustacea,  603—606  ;  Cirrhi- 
peda,  13—15;  Arachnida,  608,  609; 
Vertebrata,  619— 623  ;  Pishes,  623,  624 ; 
Reptiles,  625;  Birds,  625;  Mammals, 
626,  629. 

Dextiine,  use  of,  in  Vegetable  nutrition, 
361. 

Diastase,  uses  of,  379. 

Diatomacece,  congugation  of,  487 — 489  ; 
movements  of,  640,  641. 

Bibrancliiatc  Cephalopods,  114. 

Dichodon,  teeth,  &c.,  of.  111. 

Dicohune,  teeth,  &c.,  of.  111. 

Dicotyledons,  distinctive  characters  of,  34, 
35;  growth  of  stems  of,  37i,  372;  ger- 
mination of,  521. 

Difi'erentiation  of  organs,  progressive,  18 — 
20  ;  in  Plants,  20 ;  in  Animals,  38. 

Diffusion,  mutual,  of  gases,  282,  283. 

■  of  liquids,  188,  189. 

Digestion,  peculiar  to  Animals,  126  ; 
general  nature  of,  141,  142 ;  gastric, 
183,  184  ;  intestinal,  184,  185. 

Digestive  Apparatus,  absence  of,  in  Pro- 
tozoa, 153,  154;  of  Zoophytes,  169 — 
172  ;  of  Acalephffi,  172,  173  ;  of  Echino- 
dermata, 173,  175  ;  of  Entozoa,  174, 
175  ;  of  Bryozoa,  176  ;  of  higher  Mol- 
lusca  and  Articulata,  176, 177  ;  of  Fishes, 
177,  178  ;  of  Eeptiles,  178 ;  of  Birds, 
179,  180;  of  Mammals,  180,  181:  pro- 
gressive specialization  of,  181,  182; 
development  of,  182. 

Dinosauri.a,  83,  85. 

Dioecious  Plants,  36. 

Dioncea  muscipula,  nutrition   of,    152 ; 

movements  of,  152,  642. 
Diphyda,  167  note;  reproduction  of,  561. 
Diplozoon  paradoxum,  588,  589. 
Diporpa,  conjugation  of,  589. 
Dipsacus,  151. 
Dischidia,  pitchers  of,  152. 
Distances,  accommodation  of  eye  to,  734, 735. 
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jyistoma,  water-vasculax  system  in,  299; 
generation  and  development  of,  586,  587. 

Diverging  appendages  of  vertebrae,  8,  72. 

Diving  Animals,  circulation  of,  264. 

Domestication,  influence  of,  636 — 639. 

■Dorsal  vessel  of  Afticulata,  229 ;  of  Anne- 
lida, 231—235;  of  Myriapnda,  235— 
237  ;  of  Insects,  238,  239  ;  of  Arachnida, 
240—242. 

Dorsihranchiate  Annelida,  gemmation  of, 
592 ;  generation  of,  592 ;  development  of, 
593—595. 

Doris,  circulation  in,  252;  respiration  of, 

307  ;  eggs  of,  577. 
Double  Monsters,  480. 
Draco  volans,  wings  of,  4. 
Ductus  Arteriosus,  274. 

 Cuvieri,  276. 

 Pneumaticus  of  Fishes,  323,  324. 

 Venosus,  276.  • 

Dugong,  heart  of,  263,  273. 

Duplicative  subdivision  of  Cells,  in  Plants, 

364,  365 ;  in  Animals,  397,  398. 
Duration,  limits  of,  in  living  bodies,  352 — 

355 ;  its  inverse  relation  to  vital  activity, 

355,  356. 

Dwarfing  of  Plants  and  Animals,  137,  138. 
Dytiacus,  reflex  actions  of,  666. 


E. 

Ear,  see  Hearing. 

Earthworm,  circulation  in,  234 ;  water- 
vascular  system  in,  300 ;  respiration  in, 
317  ;  hepatic  cells  of,  417 ;  heat  evolved 
by,  453  ;  generation  of,  593 ;  development 
of,  693. 

Ecliinaster,  development  of,  562 — 564. 

EcniNODERMATA,  general  structure  of,  46 
— 50;  geological  succession  of,  112;  oral 
apparatus  of,  161 ;  reducing  apparatus 
of,  165;  digestive  organs  of,  173,  175; 
absorption  from  general  cavity  of,  200 ; 
circulation  in,  227—229  ;  respiration  in, 
295- -297;  nutritive  fluids  of,  392; 
hepatic  cells  of,  418 ;  luminosity  of,  445  ; 
regeneration  of  lost  parts  in,  478  :  gene- 
ration and  development  of,  561 — 568  ; 
nervous  system  of,  653,  654;  supposed 
eyes  of,  726. 

Echinus,  general  stinicture  of,  49,  50  ;  jaws 
and  teeth  of,  165 ;  circulation  in,  228  ; 
respiration  in,  296;  development  of,  566 
. — 568  ;  nervous  system  of,  654 ;  supposed 
eyes  of,  726. 

Elaborated  sap,  370,  371. 

Elatendas,  luminosity  of,  447. 

Electrical  Organs,  structure  of,  in  Torpedo, 
469;  in  Gymnotus,  469,  470;  in  Silurus, 
470  ;  nervous  supply  of,  470  ;  action  of, 
471 ;  uses  of  472. 


Electricity,  evolution  of,  441,  442,  461, 
462 ;  in  Plants,  462,  463 ;  in  Animals, 
463 — 472  ;  dependent  on  molecular 
changes,  463;  in  muscles,  464 — 466; 
in  nerves,  466,  467;  in  Frog,  465;  in 
Fishes,  467—472  ;  uses  of,  472. 

Elephant,  teeth  of,  94. 

Embryo,  development  of,  see  Develoj'- 

MENT. 

Embryonal  vesicle,  of  vegetable  ovule, 
519. 

Embryonic  forms,  mutual  resemblances  of, 
96 — 98  ;  resemblances  to,  among  extinct 
animals,  107 — 111. 

Embryo-sac,  of  vegetable  ovule,  517 — 519. 

Emotional  Movements,  650,  698,  699. 

  Sensibility,  698,  699. 

Emotions,  analysis  of,  698,  699  ;  direct  in- 
fluence of,  in  producing  movements,  698, 
699 ;  influence  of,  on  the  conduct,  701, 
702. 

Emysaura,  82. 

Enaliosatiria,  82 ;  repetition  of  parts  in, 
20. 

Endogenous  type  of  stem,  33 ;  growth  of, 
371,  372  ;  course  of  sap  in,  215. 

Endogenous  multiplication  of  cells,  in 
Plants,  364—368;  in  Animals,  397— 
399. 

Endosmose,  189. 

Endosperm,  of  Coniferte,  515 ;  of  ordinary 
Phanerogamia,  519. 

Entoniostracous  Crustacea,  70;  early  ap- 
pearance of  gigantic  forms  of,  107  ;  gem- 
mation of,  602 ;  generation  of,  602, 
603 ;  development  of,  603 ;  eyes  of,  728, 
729. 

Entozoa,  see  Cestoidea,  Nematoidea,  and 
Trematoda. 

Eolis,  digestive  appai'atus  of,  176  ;  circula- 
tion in,  253 ;  respiration  of,  307 ;  liver 
of,  418. 

Epencephalon,  621,  679. 

Epidermic  appendages,  exuviation  of,  353. 

Epidermis,  of  Plants,  structure  of,  340, 
341. 

Epizoa,  99. 

Equisetacece,  32 ;  generation  of,  511. 
Erect  Vision,  737. 

Erythraia  centaurium,  variations  in  size 
of,  137. 

Etiolation  of  Plants,  285,  345. 
Eunice,  circulation  in,  233  ;  respiration  of, 
310. 

Euphorbia,  sap  of,  370. 

Evaporation,  from  surface  of  Plants,  342 ; 

from  surfaces  of  Animals,  346 — 350. 
Excito-motor  Movements,   688,   707 ;  of 

MoUusca,  655,  656,  658,  660 ;  of  Arti- 

culata,  664—667;  of  Vertebrata,  686— 

689. 

Excremeutitious  Secretions,  416. 
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Excretion,  general  nature  and  purposes  of, 
127,  407,  408;  deficiency  of,  in  Plants, 
409,  410;  purposes  of,  in  Animals,  415 
— 417;  see  Secretion,  Liver,  Kidney, 
Skin. 

Exhalation,  127,  339 ;— in  Plants,  pro- 
visions for,  339—342 ;  amount  of  fluid 
lost  by,  342—344 ;  composition  of,  344  ; 
influence  of  light  on,  344,  345 ;  effect 
of,  on  absoi-ption,  345,  346 ;— in  Ani- 
mals, 346;  cutaneous,  provision  for, 
346,  347;  purposes  of,  347—349; 
amount  of,  348 — 351 ;  pulmonary,  350. 

Exogenous  tjTpe  of  stem,  33 ;  growth  of, 
371,  372;  course  of  sap  in,  214,  215. 

Exosmose,  189;  by  roots,  197,  409. 

Exuviation  of  Epidermic  appendages,  &c. , 
353. 

 of  Leaves,  281,  353,  371. 

Eye,  see  Vision. 

F. 

Pcecal  matter,  natiire  of,  185,  438. 
Farinaceous  compounds,  use  of  as  food, 
145,  146. 

Fatty  matters  of  Blood,  390,  401 ;  phos- 
phorized,  389. 

Fecundation,  in  Plants,  484 ;  of  ovule  in 
Phanerogamia,  517 — 519;  of  ovum  in 
Animals,  535,  536. 

Ferns,  general  structure  of,  29 — 31 ;  ab- 
sorption in,  194 ;  ascent  of  sap  in,  214 ; 
generation  and  development  of,  505 — 
511. 

Fertilization,  see  Fecundation. 

Fibres,  Animal,  formation  of,  400 — 402. 

Fibrin  of  blood,  386,  387 ;  of  chyle,  381, 
382  ;  of  lymph,  382 ;  coagulation  of, 
387,  388 ;  uses  of,  388,  389,  402 ;  me- 
tamorphoses of,  403. 

Fibro-Cartilage,  401. 

Fibro-vascular  tissue  of  Plants,  371,  372. 

Ficus  elastica,  cyclosis  in,  218. 

Fire-flies,  447. 

Filiferous  capsules  of  Actinia,  546  moie. 

Fishes,  general  characters  of,  77 — 79 ; 
geological  succession  of,  109,  114,  115; 
digestive  apparatus  of,  177,  178 ;  ab- 
sorbent system  of,  203,  204 ;  circulation 
in,  256—258;  respiration  in,  312,  316; 
air-bladder  of,  323,  324 ;  exhalation 
from  gills  of,  348 ;  blood  of,  387,  396 ; 
liver  of,  421,  422;  urinary  organs  of, 
429,  430;  temperature  of,  453,  454; 
development  of  electricity  by,  467 — 
472  ;  generation  of,  610,  611 ;  develop- 
ment of,  619 — 624;  nervous  system  of, 
677 — 680;  olfactive  organs  of,  717, 
718 ;  organ  of  hearing  of,  722 ;  eye  of, 
731,  732;  pectoral  fins  of,  3,  7,  68. 
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Fissiparous  multiplication,  529  ;  see  Gem- 

mation. 

Flight,  organs  of,  comparison  between,  3,  6. 
Floridece,  tetraspores  of,   494 ;  anthero- 

zoids  of,  497. 
Flowering,  production  of  carbonic  acid  in, 

288  ;  heat  evolved  in,  451. 
Flowers  of  Phanerogamia,  structure  of,  34, 

35. 

Fly-catcher,  incubation  of,  458. 
Flying-Fish,  pectoral  fins  of,  3,  5. 
Foetus,  circulation  of,  274 — 277 ;  see  De- 
velopment. 
FolUcles  of  Glands,  411—415. 
Food,  see  Aliment. 

Foramen  ovale,  of  heart,  272 ;  persistence 
of,  277. 

Foraminifera,  40,  41. 

Force,  Vital,  its  relations  to  Chemical  and 
Physical  Forces,  356. 

Formation  of  Tissues,  general  nature  of, 
356—358;  conditions  of,  358—360  ;  see 
Cells  and  Fibres. 

Frog,  lungs  of,  325 ;  cutaneous  respiration 
of,  332;  variations  of  respiration  in,  ac- 
cording to  external  temperature,  338 ; 
transudation  from,  348,  349  ;  electric 
current  of,  465;  nervous  system  of,  675. 

Fruits,  electric  polarity  of,  463. 

Fucacece,  generative  organs  of,  493 ;  zoo- 
spores of,  494. 

Functions,  analysis  of,  118 — 120  ;  classifi- 
cation of,  120,  121 ;  antagonism  between 
nutritive  and  generative,  121,  122  ;  an- 
tagonism between  constructive  and  de- 
structive, 121 — 123;  mutual  relations 
of  organic  and  animal,  123 — 125;  or- 
ganic, 125—128;  animal,  128,  129; 
progressive  specialization  of,  129 — 131 ; 
retention  of  primitive  community  of,  131, 
132. 

Fungi,  general  structui-e  of,  26,  27 ;  food 
of,  140, 141 ;  absorption  in,  193  ;  respi- 
ration in,  287;  phosphorescence  of,  442; 
generation  and  development  of,  499 — 
502. 

G. 

Gases,  mutual  diffusion  of,  282,  283. 

Gasteropoda,  general  structure  of,  52 — 
59 ;  geological  succession  of,  114 ;  oral 
apparatus  of,  162  ;  digestive  organs  of, 
166,  176 ;  circulation  in,  251 — 253 ; 
respiration  in,  306,  307  ;  liver  in,  418— 
421 ;  urinary  organs  in,  429;  generation 
and  development  of,  576 — 580;  nervous 
system  of,  669,  660 ;  organ  of  smell  in, 
716  ;  organ  of  hearing  in,  720 ;  eyes  of! 
729,  730.  ' 

Gastric  follicles.  412,  413. 

Gastric  juice,  183. 
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Gelatigenoiis  tissues,  genesis  of,  402. 
Gelatine,  production  of,  in  Animal  body, 
404'        '  retrograde  metamorphosis  of, 

Gelatinous  compounds,  use  of  as  food,  145. 
Gemmation,  multiplication  by,  480,  481. 
  in  Plants,   21 ;  Protopliyta, 

22,  485,486;  Algce,  25,  491,  494,  495; 

Characeaj,  496,  497 ;  Lichens,  26,  499 ; 

Fungi,  501 ;  Hepaticse,  29,  504  ;  Mosses, 

29,  505;  Ferns,   510;  Phanerogamia, 

521—526. 

in  Animals,  528,  529;  Pro- 


tozoa, 40,  41,  539—542  ;  Porifera,  543  ; 
Hydra,  545 ;  Compound  Hydroida,  548, 
649  ;  Actinia,  547  ;  larval,  of  Medusa, 
551 — 560;  Composite  Acalephse,  560, 
561 ;  larval,  of  Echinodermata,  564 — 
566;  Bryozoa,  568,  569;  internal,  of 
Salpidse,  570  ;  Ascidians,  571;  Cestoidea, 
586;  larval,  of  Trematoda,  588;  inter- 
nal, of  Rotifera,  591 ;  Annelida,  591, 
592 ;  internal,  of  Insects,  580,  581  ;  in- 
ternal, of  Entomostraca,  602. 
Gemmules  of  Sponges,  543;  of  Hydroid 

Zoophytes,  553. 
General  to  Special,  progress  from,  in  clas- 
sification, 10;  in  organisation,  18. 
Generation,  121,  128,  472,  473;  general 
phenomena  of,  473 — 475;  essential  na- 
ture of,  481,  482;  antagonism  of,  to 
nutrition,  121,  122. 

•   in  Plants,  483—485;  Proto- 

phyta,  486—491;  Algse,  491—494; 
Characese,  495 — 497;  Lichens,  497 — 
499  ;  Fungi,  499—502  ;  Hepatic£e  and 
Mosses,  502—504;  Ferns,  505—509; 
Equisetaceffi,  511;  Lycopodiacese,  512; 
Marsileaceffi,  513,  514 ;  Gymnospermeaa, 
614,  515;  ordinary  Phanerogamia,  515 
— 519;  general  review  of,  526 — 528. 

in  Animals,   528 — 539  (see 


Ovum  and  Spermatozoa) ;  Rhizopoda, 
640,  541 ;  Infusoria,  541,  542  ;  Porifera, 
643,  544;  Polypifera,  544,  546,547; 
Compound  Hydroida,  549 — 553  ;  Aca- 
lephffi,  553 — 561 ;  Echinodermata,  561, 
562;  Bryozoa,  569;  Tunicata,  570,  571; 
Brachiopoda,  574  ;  Conchifera,  575  ;  Gas- 
teropoda, 576,  577 ;  Cephalopoda,  580 
— 583  ;  Cestoidea,  585,  586  ;  Trematoda, 
587  —  589;  Turbellaria,  589  ;  Nema- 
toidea,  589,  590;  Rotifera,  590,  591; 
Annelida,  592,  593;  Myriapoda,  595; 
Insects,  597,  598;  Crustacea,  602—604; 
Cirrhipeda,  605—607;  Arachnida,  607, 
608  ;  Fishes,  610  ;  Reptiles,  611,  612  ; 
Birds,  612—614;  Mammals,  615—617. 
Germination,  process  of,  520,  521 ;  pro- 
duction of  carbonic  acid  in,  288 ;  heat 
evolved  in,  451 ;  electricity  evolved  in, 
462. 


Generations,  alternation  of,  482,  483,  528, 
529;  of  Ferns,  510;  of  Hydroid  Zoophytes 
andMedusiE,  559;  ofSalpaj,  573,  574. 

Geographical  Distribution  of  Plants  and 
Animals,  635,  636. 

Geological  succession  of  Organized  beings, 
106—117. 

Germ-cells,  482;  in  Plants,  484  (see  Arche- 
gonia  and  Ovule) ;  in  Animals,  529,  530 
(see  Ovum). 

Germinal  Capacity,  474. 

 Membrane,  619,  620. 

 Spot,  534. 

 Vesicle  of  ovum,  534;  develop- 
ment of,  535 ;  changes  in,  previously  to 
fecundation,  535,  536. 

Gills,  of  Mollusca,  305—307;  of  Articulata, 
308—312;  of  Fishes,  312—316;  of 
Perennibranchiata,  316,  317. 

Gizzard,  of  Bryozoa,  165;  of  Gasteropoda, 
165,  166;  of  Cephalopoda,  166;  of  In- 
sects, 166;  of  Crustacea,  167;  of  Birds, 
167,  179,  180. 

Glands,  secreting,  general  structure  of,  411 
— 415  ;  of  Absorbent  system,  203  ;  vas- 
cular, 384,  385. 

Globulin  of  blood,  389. 

Glow-worms,  447,  448. 

Glyco-choUc  Acid,  425 ;  production  of, 
404. 

Gonidia,  of  Lichens,  499. 

Graafian  Follicle  of  Mammalia,  618. 

Grafting,  522. 

Grantia,  ciliary  movement  in,  294. 
Grassh:0p2''ei',  sound  produced  by,  739. 
Gravigrada,  116,  117. 
Gregarina,  153  ;  conjugation  of,  541. 
Gryllotalim,    stomato -gastric   system  of, 
668. 

Gymnospermea',  imperfect  flower  of,  35 ; 

generation  of,  514,  515. 
Gymnotus,  electricity  of,  467 — 471. 


Hjematin  of  blood,  389. 
Ecematococcus,  duplicative  subdivision  of, 
364. 

Hair,  exuviation  of,  353. 

Harmony  of  Forms,  103,  104. 

Haustellium  of  Insects,  1 59. 

Hearing,  sense  of,  718,  719;  organs  of,  in 
Radiata,  719;  in  Mollusca,  719,720;  in 
Articulata,  720,  721;  in  Vertebrata,  722 
■ — 724  ;  development  of,  725. 

Heart,  222 ;  structure  of,  in  Mollusca,  246 
—255;  in  Vertebrata,  255—263;  action 
of,  in  maintaining  circulation,  265 — 268; 
development  of,  270 — 273  ;  malforma- 
tions of,  277,  278  ;  movements  of,  646, 
647. 
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Heat,  evolution  of,  441,  449 ;  by  Plants, 
450 — 452;  by  Animals,  452;  by  Inverte- 
brata  generally,  453;  by  Insects,  454 — 
458  ;  by  Fishes,  453,  454  ;  by  Reptiles, 
454  ;  by  Birds,  458  ;  by  Mammals,  458 
— 460  ;  conditions  of,  460,  461 ;  depend- 
ence of,  on  food,  146. 

Heat,  external,  influence  of,  on  evolution 
of  carbonic  acid,  337 — 339;  on  exhalation 
of  watery  vapour,  in  Plants,  345 ;  in 
Animals,  349,  350 ;  on  formation  of 
tissues,  360. 

Hectocotylus  of  Cephalopods,  580 — 583. 

Hedysarum  gyrans,  rhythmical  movements 
of,  643. 

Helianthoida,  see  Actiniform  Zoophytes. 
Heliantlius,  exhalation  from,  343. 
Hepatic  Artery,  423. 

■  ■  CeUs,  417—422. 

 ■  Ducts,  422—324. 

 FolHcles,  417—421. 

 Vein,  423. 

Hepatic^,  general  structure  of,  28,  29 ; 
generation  and  development  of,  502,  503  ; 
multiplication  of  ,  by  free  gemmic,  504,505. 

Hermaphrodism,  in  plants,  35;  in  Animals, 
530;  spurious,  105,  106. 

Heterocercal  tail  of  Fishes,  109. 

Heterogeneousness  of  organic  structures,  18. 

Hippuric  Acid,  435,  436. 

Hive  of  Bees,  temperature  of,  457. 

Holothuria,  general  structure  of,  49,  50; 
prehensile  tentacula  of,  161 ;  circulation 
in,  228  ;  respiration  in,  296  ;  development 
of,  564,  565;  nervous  system  of,  654. 

Homocercal  tail  of  Fishes,  109. 

Homogeneousness  of  organic  structures,  18. 

Homology  and  Analogy,  6,  7. 

Jlowling  Monkeys,  743. 

Humhle-Bee,  respiration  of,  337. 

Hybernating  Mammalia,  459. 

Hybridism,  634,  635. 

Hydra,  general  structure  of,  43,  44 ;  oral 
apparatus  of,  160  :  stomach  of,  141,  169  ; 
regeneration  of  parts  of,  478,  479  ;  mul- 
tiplication of,  by  gemmation,  545;  gene- 
ration of,  544. 

Hydrangea,  stomata  of,  342. 

Hydrogen,  respiration  of  Animals  in,  335. 

Hydroida,  Compound,  44 ;  stomach  of, 
170  ;  movementof  fluid  in,  170, 171 ;  gem- 
mation of,  548;  generation  of,  549 — 653. 

Hymenium  of  Fungi,  501. 

Hymenoptera,  peculiarly  distinguished  by 
Instincts,  667,  694  note,  705. 

I. 

Ichneumon  strohilella,  parasitic  instinct 
of,  143. 

Ichthyosamm,  82,  84,  116;  eye  of,  731, 
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Ideas,  formation  of,  by  instrumentality  of 
Cerebrum,  698 ;  share  of,  in  Emotions, 
698,  699 ;  direct  influence  of,  in  pro- 
ducing movements,  699,700;  suggestion 
of  other  ideas  by,  700,  701. 

Ideo-motor  actions,  699,  700,  708. 

/ma(/o  of  Insects,  601,  602;  nervous  system 
of,  671,  672;  see  Insects. 

Imbibition  of  liquids  by  tissues,  186,  187, 
191,  192. 

Implacental  Mammalia,  89,  615,  626. 

Individuality  of  Plants,  523,  524 ;  of 
Animals,  528. 

Induction,  nature  of,  2. 

Infusoria,  40;  ingestion  of  food  by,  155, 
156;  multiplication  of,  by  fission,  540; 
metamorphosis  of,  541,  542 ;  ciliary 
movements  of,  641. 

Inorganic  Compounds  required  by  Plants, 
140;  by  Animals,  147,  148;  in  blood, 
390,  391 ;  elimination  of,  404,  405. 

Insects,  general  characters  of,  64 — 68 ; 
wings  of,  4,  65,  320;  differentiation  of 
parts  in,  19;  food  of,  142 — 144;  oral 
apparatus  of,  159,  161 ;  reducing  ap- 
paratus of,  166;  digestive  apparatus  of, 
176  ;  circulation  in,  237 — 239 ;  respira- 
tion of,  318—322,  337;  exhalation  of, 
348;  nutritive  fluid  of,  394,  395;  liver 
of,  418,  419;  urinary  organs  of,  429; 
luminosity  of,  446 — 448  ;  heat  produced 
by,  454 — 458  ;  regeneration  of  parts  in, 
478,  479;  generation  of,  597,  598;  de- 
velopment and  metamorphoses  of,  598 — 
602 ;  nervous  system  of,  663—672 ;  in- 
stinctive faculties  of,  693,  694,  705; 
organs  of  touch  of,  713 ;  organ  of  smell 
of,  717 ;  organs  of  hearing  of,  720  ;  eyes 
of,  726—728;  sounds  produced  hj,  738, 
739. 

Instinctive  actions,  649 — 651 ;  of  Arti- 
culata,  666,  667,  694  note,  705;  of 
Vertebrata,  693,  694,  705,  706. 

Instincts,  acquired,  638,  639. 

Intellectual  faculties,  700,  701. 

Intelligence,  650;  manifestations  of,  by 
Bees,  6QAnote;  the  characteristic  attri- 
bute of  Vertebrata,  72 ;  development  of, 
proportional  to  that  of  Cerebrum,  694, 
705,  706 ;  highest  manifestation  of,  in 
Man,  706 ;  gradual  development  of,  in 
Human  being,  708,  709. 

Intemuucial  function  of  Nervous  System 
652.  ' 

Interstitial  Absorption,  210. 

Intestinal  Canal,  see  Digestive  Apparatus. 

 Glandule,  excretion  of,  185,  438* 

Isomoi-phism,  influence  of,  on  Absorption^ 

/sojBocJ  Crustacea,  68;  respii-ation  of,  311. 
luhdm,    63,    64;   circulation  in,    235 '• 
respiration  in,  317  ;  development  of,  696' 
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K, 

Kidneys,  of  Invertebrata,  429 ;  of  Fishea, 

429,  430;  of  Reptiles,  430;  of  Birds, 

430,  431 ;  of  Mammals,  431,  432  ;  de- 
velopment of,  432 — 434;  secreting  action 
of,  434—438. 

L. 

Lahyrinthihrancldi,  respiration  of,  315. 
Labyrinthodon,  115. 

Lacinulana,  water-vascnlar  system  in, 
297  ;  generation  of,  690. 

Lacteal  vessels,  201 — 206 ;  absorption  by, 
208 ;  see  Absorbent  System. 

Lacunar  Circulation,  226,  227. 

Laguncula,  55 — 57 ;  gemmation  and  gene- 
ration of,  569. 

Lamellibkanchiata,  ingestion  of  food  by, 
159;  circulation  in,  250,  251;  respira- 
tion in,  305,  306 ;  liver  of,  421 ;  uri- 
nary organs  of,  429 ;  luminosity  of,  445  ; 
generation  and  development  of,  574 — 
676;  nervous  system  of,  656—658; 
auditory  organs  of,  720 ;  eyes  of,  726. 

Laminae  dorsales,  620,  621. 

Lamprey,  respiration  of,  314. 

Lampyridce,  Iviminosity  of,  447. 

Land-Crabs,  respiration  of,  311,  312. 

Lanugo  of  Pcetus,  359. 

Larva,  of  Insects,  598 — 600 ;  circulation 
in,  239 ;  respiration  of,  320,  321 ;  ner- 
vous system  of,  671 ;  see  Insects. 

Larynx,  structure  of,  740 — 743;  actions 
of,  743. 

Latex,  supposed  circulation  of,  217,  218. 

Leaf-buds,  independent  vitality  of,  523,  524. 

Leaves  of  Phanerogamia,  arrangement  of, 
34 ;  absorption  by,  197,  198 ;  structure 
of,  340,  341 ;  exuviation  of,  281,  353, 
371 ;  assimUating  action  of,  369 — 371. 

Leech,  circulation  ia,  231 ;  atmospheric 
respiration  in,  317  ;  water-vascular  sys- 
tem in,  300  ;  hepatic  cells  of,  418  ;  heat 
evolved  by,  453;  ocelli  of,  726. 

Leguminous  Plants,  exudation  from  roots  of, 
409. 

Lemming,  change  of  colour  of,  460. 
Lemna,  36,  37. 

Lepadidce,  generation  of,  605,  606 ;  deve- 
lopment of,  13 — 15. 
Lepas,  homology  of,  14. 
Lepidodendra,  117. 

Lepidosiren,  limbs  of,  8,  20;  circulation 
in,  261 ;  branchial  respiration  of,  325 ; 
atmospheric  respiration  of,  325. 

Lepidosteus,  circulation  in,  257,  258 ;  ru- 
dimentary lung  of,  323. 

Lettuce,  wild,  contraction  of  cells  in,  642. 

Leudfer,  comparison  of  with  Lepas,  14, 
15 ;  organ  of  hearing  in,  721. 
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Libellula,  larva  of,  respiration  of,  321, 
322. 

Lichens,  general  structure  of,  25,  26  ;  ab- 
sorption in,  193;  generation  and  deve- 
lopment of,  497—499. 

Life,  nature  of  Laws  of,  1,  2. 

Light,  evolution  of,  441 ;  by  Plants,  442; 
by  Animals,  443 — 449;  by  Ehizopoda, 
443,  444 ;  by  Zoophytes,  444,  445 ;  by 
Acalephfe,  445 ;  by  Mollusca,  445,  446  ; 
by  Annelida,  446;  by  Crustacea,  446; 
by  Insects,  446 — 448  ;  by  Fishes,  446  ; 
by  living  Human  subject,  449  ;  by  de- 
composing organic  matter,  448,  449. 

Light,  influence  of,  on  Vegetable  respira- 
tion, 283—286;  on  exhalation,  344, 
345. 

Lily,  leaf  of,  341,  342. 
Limbs,  nature  of,  8,  9,  73. 
Limidus,  69,  70. 

Lingula,  113 ;  respiration  of,  305. 
Liquids,  mutual  diffusion  of,  188,  189 ; 

imbibition  of,  by  solids,  186,  187,  191, 

192. 

Liquor  Sanguinis,  386  ;  fibrillation  of,  400. 

Liver,  simplest  forms  of,  417,  418 ;  struc- 
ture of,  in  Insects,  418,  419;  in  Crus- 
tacea, 420 ;  in  Arachnida,  421 ;  in  Mol- 
lusca, 421;  in  Vertebrata,  421—424; 
development  of,  424,  425;  assimilating 
function  of,  380,  381 ;  formation  of  sugar 
by,  380 ;  secreting  action  of,  425 — 429 ; 
see  Bile. 

Lizards,  peculiarities  of  conformation  of, 
80—85  ;  circulation  in,  261,  262. 

Lobster,  heart  and  blood-vessels  of,  242, 
243. 

Lophius,  spinal  cord  of,  679. 
Luminosity  of  Plants  and  Animals,  see 
Light. 

Lungs,  rudimentary,  in  Fishes,  323,  324 ; 
in  Perennibranchiata,  325;  in  Reptiles, 
325—327 ;  in  Birds,  327—329  ;  in  Mam- 
mals, 330. 

Lycopodiacece,  generation  of,  611. 

Lymnmus,  eggs  of,  578 ;  rotation  in,  578. 

Lymph,  source  of,  209 ;  absorption  of,  208, 
209 ;  composition  of,  381—383. 

Lymphatic  hearts,  204,  205. 

  vessels,  202 — 206;  absorption 

by,  208 — 210;  sqq  Absorbent  System. 


M. 

Macroura,  metamorphosis  of,  605. 
Malformations  of  Circulating  System,  277 — 
279. 

MAMMAiiTA,  general  structure  of,  89 — 95; 
geological  succession  of,  110,  111,  114, 
115;  limbs  of,  93;  teeth  of,  93,  94; 
prehensile   organs   of,    163 ;  digestive 
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apparatus  of,  180,  181;  absorbent  sys- 
tem of,  205,  206 ;  circulating  system  of, 
263,  264 ;  respiration  of,  330,  331 ;  ex- 
halation in,  349,  350;  blood  of,  387; 
liver  of,  421—424  ;  kidney  of,  431 ;  beat 
of,  458 — 460;  generative  organs  of,  615 
—618  ;  development  of,  629—631 ; 
nervous  system  of,  677 — 680  ;  organs  of 
touch  of,  713;  organs  of  taste  of,  715; 
organs  of  smell  of,  718 ;  ear  of,  722 — 
724;  eye  of,  732;  larynx  of,  740—742. 

Mammary  gland,  413,  630. 

Man,  psychical  peculiarities  of,  702  ;  diffe- 
rentiation of  extremities  of,  20  ;  lumino- 
sity of,  449;  temperature  of,  459;  intelli- 
gence of,  693—703  ;  larynx  of,  740—743. 

Mandihulate  Insects,  mouths  of,  161. 

Mantis,  reiiex  actions  of,  665. 

Marchantia,  28,  29 ;  structure  of  stomata 
of,  341 ;  multiplication  of,  by  bulbels, 
604,  505  ;  generation  of,  502,  503. 

Marsileacew,  generation  of,  513. 

Marsujnalia,  generative  organs  of,  616, 
617 ;  early  parturition  of,  629 ;  nurture 
and  lactation  of  fcetus  by,  617,  630 ; 
brain  of,  682. 

Marsupium  of  Bird's  eye,  732; 

Mastodon,  111. 

Mauchamp  breed  of  Sheep,  638. 
Medulla  Ohlongata,  675 ;  functions  of,  689, 
690. 

Medusce,  general  structure  of,  45,  46 ;  com- 
posite forms  of,  157;  stomach,  of,  172, 
173 ;  generation  and  development  of, 
553 — 558  ;  gemmation  of,  568. 

Melolontha,  nervous  system  of,  672. 

Meloseirece,  generation  of,  488,  489. 

Membrana  tympani,  uses  of,  723. 

Memory,  650;  referable  to  Cerebrum,  700. 

Menobranchus,  respiration  in,  316,  325. 

Mesencephalon,  621,  679. 

Mesocarpus,  490. 

Mesoffloia,  24. 

Metamorphosis,  of  Insects,  598 — 602  ;  of 
Crustacea,  603 — 605  ;  of  Cirrhipeda,  13, 
14  ;  of  Batrachia,  259—261,  316,  317  ; 

 ,  retrograde,  of  Organic  Com- 
pounds, 402 — 404. 

Metastasis  of  Secretion,  440. 

Milk,  composition  and  properties  of,  630, 
631 ;  metastasis  of  secretion  of,  440. 

Mimosa,  movements  of,  642,  643. 

Mistletoe,  growth  of,  370,  371. 

MoLLUsoA,  general  characters  of,  38,  50 — 
59 ;  circulation  in,  245 ;  respiration  in, 
301—308  ;  blood  of,  395 ;  liver  of,  418, 
421 ;  urinary  organs  of,  429  ;  luminosity 
of,  445;  nervous  system  of,  654,  655. 

Momordica  daler'um,  movements  of,  644. 

Monocotyledons,  distinctive  characters  of, 
34,  35;  growth  of  stem  of,  371,  372; 
germination  of,  521. 
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Monoecious  Plants,  36. 

Monotremata,  generative  organs  of,  616, 

617;  early  parturition  of,  629. 
Monstrosities,  nature  of,  105;  double,  480. 
Morphology,  study  of,  9,  10. 
Mososawrus,  84. 

Mosses,  general  structure  of,  28,  29;  ab- 
sorption in,  193,  194  ;  generation  and 
development  of,  602,  503;  multiplication 
of,  by  free  gemmae,  505. 

Mouth,  structure  of,  in  different  Animals, 
158—162. 

Movements  of  Plants,  dependent  on  simple 
contractility,  640 — 645. 

 of  Animals,  dependent  on  simple 

contractility,  645,  646 ;  dependent  on 
nervous  stimulation,  647 ;  see  Automatic, 
Consensual,  Emotional,  Excito -motor, 
Ideo-motor,  Reflex,  and  Volitional  move- 
ments. 

Mulberry  mass,  538,  539. 

Multiplication  of  cells,  in  Plants,  364 — - 
368;  in  Animals,  396—400. 

 of  phytoids  and  zooids,  by 

gemmation,  21,  480,  481 ;  see  Gemma- 
tion. 

Muscular  Contractility,  646,  647. 

 current  of  Electricity,  464 — 466, 

 Sense,  695. 

Mycelium  of  Fungi,  26,  500,  501. 
Mylodon,  116,  117. 

Myriapoda,  general  characters  of,  63,  64  ; 
circulation  in,  235 — 237;  respiration  in, 
317,  318 ;  nutritive  fluid  of,  394 ;  liver 
of,  418 ;  regeneration  of  parts  in,  478 ; 
generation  and  development  of,  595,  596; 
nervous  system  of,  663 — 670 ;  eyes  of, 
728. 

Myxine,  portal  heart  of,  257  ;  respiratory 
apparatus  of,  314;  chorda  dorsalis  of, 
621 ;  ear  of,  722. 


N. 

Nais,  water-vascular  system  in,  298 ;  fission 
of,  691 ;  generation  of,  593. 

Nautihis,  arms  of,  163;  circulation  in,  255; 
nervous  system  of,  660,  661. 

Needham,  moving  filaments  of,  580,  681. 

Nematoidea,  general  structure  of,  59,  60; 
digestive  apparatus  of,  175;  supposed 
circulation  of,  226;  water-vascular  sys- 
tem of,  299,  300;  nutritive  fliiid  of,  393; 
generation  and  development  of,  537,  538, 
589,  590;  nervous  system  of,  670. 

Nemestrina,  proboscis  of,  169. 

Nereis,  61,  62. 

Nervous  agency,  influence  of,  on  Nutrition 
125,  407.  ' 
  Circle,  695. 

 ■  current  of  Electricity,  466,  467. 
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Nervous  System,  general  functions  of,  648 
— 651 ;  no  evidence  of,  in  Protozoa  and 
Polypifera,  651—653;  —  in  Radiata, 
653,  654;  Acalepha;,  653;  Echinoder- 
mata,  653,  %5i:—mMollusca,  654,  655; 
Bryozoa,  655;  Tunicata,  655,  656; 
Bracliiopoda,  656  ;  Lamellibranchiata, 
656 — 658;  Pteropoda,  659;  Gasteropoda, 
659,  660  ;  Cephalopoda,  660—662  ;— in 
Articulata,  663 — 669;  Rotifera,  670; 
Annelida,  670;  Myriapoda,  670;  Insects, 
670—672;  Crustacea,  672,  673;  Aracli- 
nida,  673,  674  :— in  Vertebrata,  675 — 
677  ;  Fishes,  677—680  ;  ReptUes,  681 ; 
Bii-ds,  681,  682;  Mammals,  682—684; 
development  of,  679,  680,  683,  684;  see 
Cerebellum,  Cerebrum,  Medulla  Ob- 
longata, Sensory  Ganglia,  Spinal  Cord, 
Sympathetic  System. 

Neuroptera,  peculiarly  distinguished  by  In- 
stincts, 694  note,  705. 

Neuro-skeleton  of  Vertebrata,  72,  73. 

Neutral  Compounds,  Vegetable,  composi- 
tion and  formation  of,  373. 

Nicothoe,  development  of,  100. 

Nictitating  membrane,  732. 

Nidamentum  of  Gasteropoda,  677 ;  of  Ce- 
phalopoda, 581. 

Nitrogen,  source  of,  in  Plants,  139,  140 ; 
absorption  and  exhalation  of,  by  Animals, 
282,  336  ;  respiration  of  Animals  in,  335. 

Noctiluca,  luminosity  of,  443,  444. 

Non-azotized  Compounds,  in  food  of  Ani- 
mals, 145 — ^147;  formation  of,  in  Plants, 
373,  374. 

Notommata,  generation  of,  590 ;  want  of 
digestive  organs  in  male  of,  153. 

Nucleus  of  cell,  in  Plants,  363,  364,  368 ; 
in  Animals,  397—400. 

Nudibranchiate  Gasteropods,  digestive  ap- 
paratus of,  176;  circulation  in,  252, 
253  ;  respiration  of,  307  ;  liver  of,  418  ; 
development  of,  577 — 580  ;  nervous  sys- 
tem of,  655,  659 ;  olfactive  organs  of, 
716 ;  organ  of  hearing  in,  720 ;  sounds 
produced  by,  738. 

Nummulites,  41. 

Nutrition,  general  nature  and  conditions 
of,  127,  351,  352;  antagonism  of,  to 
Generation,  121, 122  ;  demand  for,  aris- 
ing from  limited  duration  of  individual 
parts,  352—355  ;  rate  of,  357  ;  division 
of,  into  Assimilation  and  Formation, 
356—360;  see  Assimilation  and  For- 
mation. 

0. 

Ocelli,  see  Vision. 

Octopus,  circulation  in,  253,  254;  nervous 

system  of,  661,  662. 
CEnotheracece,  generation  of,  517 — 519. 
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Oils,  Vegetable,  composition  and  formation 

of,  373,  374. 
Oleaginous  compounds,  use  of  as  food,  145, 

146. 

Oleander,  cuticle  of,  340. 

Omphalo-mesenteric  vessels,  276,  623. 

Ophiura,  repetition  of  parts  in,  19 ;  deve- 
lopment of,  566 — 568. 

Optic  Ganglia,  of  Mollusca,  659—661 ;  of 
Articulata,  669  ;  of  Vertebrata,  676  (see 
Sensory  Ganglia). 

  Nerves,  decussation  of,  736. 

Oral  Apparatus  of  Animals,  158 — 162. 

Organic  functions,  122;  relation  of,  to 
Animal  functions,  123 — 125. 

Ornithorhyncus,  mammary  gland  of,  413  ; 
lactation  of,  630. 

Oscillatoriw,  movements  of,  640,  641. 

Osmunda  regalis,  fructification  of,  31. 

Osseous  Fishes,  respiration  of,  313;  gene- 
ration in,  610. 

Ostrich,  incubation  of,  458 ;  intromittent 
organ  of,  613. 

Otolithes,  719—724. 

Otter-breed  of  Sheep,  638. 

Ovarium,  see  Generation. 

Ovo-viviparous  Mammalia,  615. 

Ovule,  Vegetable,  striicture  of,  617;  fecun- 
dation of,  517 — 519;  subsequent  changes 
in,  619,  520;  see  Development  of  PZaji^s. 

Ovum,  of  Animals,  structure  of,  534 ;  deve- 
lopment of,  535;  fecundation  of,  535, 
536  ;  subsequent  changes  in,  537 — 539 ; 
see  Development  of  Atdmals. 

Oxalic  Acid,  formation  and  uses  of,  in 
Plants,  374,  375. 

Oxygen,  consumption  of,  by  organised 
beings,  280—282  ;  by  Plants,  285—289  ; 
by  Animals,  290—292,  334—339 ;  Ube- 
ration  of,  by  Plants,  283—285. 

Oyster,  generation  and  development  of,  575, 
576;  nervous  system  of,  657,  658. 


P. 

Pachydermata,  geological  succession  of, 

110,  116. 
Palwmon,  organ  of  hearing  in,  721. 
Palceotherium,  110. 

Palmellece,  multiplication  of  cells  in,  485 ; 

conjugation  in,  489. 
Palpi,  of  Articulata,  functions  of,  713. 
Pancreas,  structure  of,  413;  secretion  of, 

184. 

PapiUse,  tactile,  712;  gustative,  716. 
Parammcium,    fissiparous  multiplication 
of,  540. 

Parasitic  Plants,  respiration  of,  286 — 288; 

nutrition  of,  370. 
Parieto-splanchnic  Ganglia  of  Mollusca,  655. 


INDEX  OF 

Parotid  Glaud,  414. 

Pecten,  eyes  of,  726. 

Pecten  of  Bird's  eye,  732. 

Pectinihranchiata,  respiration  of,  307  ;  de- 
velopment of,  £>80. 

Pedal  Ganglia,  of  MoUusca,  655;  of  Arti- 
ciilata,  665. 

Pennatula,  luminosity  of,  444,  445. 

Pentacrinus,  repetition  of  parts  in,  19  ; 
development  of,  562. 

Perceptions,  excited  by  sensations,  711;  in- 
tuitive and  acquired,  711,  712. 

Periodical  movements  of  Plants,  643,  644. 

Perennibi'anchiate  Amphibia,  circulation 
in,  259 ;  respiration  in,  316,  317,  325. 

Perophora,  57 ;  circulation  in,  248 ;  respi- 
ration of,  303. 

Perspiration,  see  Exhalation. 

Peyerian  glandulae,  structure  and  actions  of, 
384,  385. 

Phakena  strobilella,  143. 

Phanerogamia,  distinctive  characters  of, 
32 ;  general  structure  of,  33 — 36  ;  ab- 
sorption in,  194;  ascent  of  sap  in,  214 — 
216 ;  dispersion  of  elaborated  sap  in,  216 
— 219;  causes  of  its  movement  in,  219, 
220;  respiration  in,  283 — 290;  exhalation 
in,  340—346;  generation  of,  515—520; 
germination  and  development  of,  520 — 
522;  propagation  of,  by  separated  parts, 
522,  623. 

Phascolothcrium,  teeth  of,  94. 

Pholas,  respiration  of,  305,  306. 

Phosphates,  AlkaUne,  production  and  ex- 
cretion of,  405,  437. 

  Earthy,  in  food,  147,  148; 

excretion  of,  437. 

Phosphorescence,  Animal,  443 — 449. 

Phosphorized  fats  of  blood,  389. 

Physalia,  561. 

Physo(jrada,  157  «o<e;  reproduction  of,  561. 

Physophorida,  reproduction  of,  561. 

Phytoid,  486 ;  see  Gemmation. 

Phyton,  521 ;  see  Gemmation. 

Pinna,  circulation  in,  250,  251. 

Pipa  Americana,  protection  to  eggs  of,  612. 

PistUlidia,  sqq  Archegonia. 

Pitcher-Plants,  151,  152. 

Placenta  of  Mammalia,  structure,  develop- 
ment, and  functions  of,  626,  627. 

Placental  Mammalia,  89. 

Planaria,  digestive  apparatus  of,  174 ;  fis- 
siparous  multiplication  of,  589 ;  genera- 
tion of,  589 ;  nervous  system  of,  670 ; 
eyes  of,  726. 

Plastic  exudations,  fibrillation  of,  388,  400. 

Plastron  of  Chelonia,  81. 

Plesiosaurus,  83,  84,  116. 

Pleuronectidie,  absence  of  air-bladder  in 
324.  ' 

Plumula  of  Vegetable  embryo,  519—521. 

Plutem,  larva  of  Echinus,  566—568. 
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Poisonous  secretions,  439. 

Pollen-grains,  structure  and  development 
of,  516,  517;  action  of,  in  fertOization, 
517—519. 

Polygastrica,  155;  see  Inpusokia. 

Polystome  Animals,  157,  158. 

PoLYPiFERA,  general  characters  of,  42 — 45; 
prehensile  organs  of,  160,  161 ;  digestive 
apparatus  of,  169 — 172  ;  absorption  from 
visceral  cavity  of,  200 ;  respiration  in, 
294,  295;  nutritive  fluid  of,  392;  he- 
patic cells  of,  417;  luminosity  of,  444, 
445 ;  multiplication  of,  by  gemmation, 
45;  reproduction  of  parts  in,  45,  477, 
478 ;  generation  and  development  of,  544 
— 560;  movements  of,  645;  absence  of 
nervous  system  in,  652,  653. 

PoRiPEKA,  40,  41 ;  ingestion  of  food  by, 
156,  167;  circulation  of  fluid  in  general 
cavity  of,  294 ;  generation  and  develop- 
ment of,  543. 

Portal  circulation,  of  Doris,  253  ;  of  Fishes, 
256 ;  of  ReptUes,  258  ;  of  Birds,  263  ; 
of  Mammals,  263,  423;  offcetus,  276. 

Prehensile  appendages,  of  Zoophytes,  161, 
162;  of  Echinodermata,  162;  of  Ptero- 
poda,  162 ;  of  Cephalopoda,  162 ;  of 
Crustacea,  162  ;  of  Vertebrata,  163. 

Primitive  trace,  620. 

Primordial  utricle  of  Vegetable  cells,  361. 

Primrose,  abortive  stamens  of,  102. 

Progressive  development,  doctrine  of,  106, 
107,  476. 

Projection,  idea  of,  736,  737. 

PromyceUiun  of  Fungi,  501. 

Prosencephalon,  621,  679. 

Prothallium,  of  Mosses,  504 ;  of  Ferns, 
506—509  ;  of  Equisetacese,  511  ;  of 
Lycopodiace83,  512  ;  of  MarsUeaceEe,  513 ; 
of  Coniferse,  516. 

Proteus,  respiration  of,  325. 

Protococcus  nivalis,  22  ;  rapid  extension 
of,  368. 

Protoplasma,  Vegetable,  361,  368,  371. 

Protophyta,  22  ;  nutrition  of,  360,  361  ; 
midtiplication  of,  364 — 367,  485  ;  gene- 
ration of,  486—491. 

Protozoa,  39—41  ;  ingestion  of  food  by, 
153,  154  ;  generation  and  development 
of,  539 — 542  ;  movements  of,  645  ;  no 
evidence  of  nervous  system  in,  651,  652. 

Proventriculus,  of  Birds,  179. 

Proximate  principles  of  Plants,  formation 
of,  373—377. 

Pseudopodia  of  Rhizopods,  40,  41. 

Pterodactyliis,  wings  of,  3,  83. 

Pteromalus,  internal  gemmation  of,  597. 

Pteronarcys,  persistent  branchias  of,  322. 

Pteropoda,  general  characters  of,  52 ;  pre- 
hensile apparatus  of,  162  ;  respiration  of, 
307  ;  generation  of,  577  ;  nervous  system 
in,  659. 
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Pulmonary  exhalation,  350. 

Pidmonated  Gaateropods,  respiration  in, 

317  ;  generation  of,  577  ;  nervous  system 

of,  659  ;  olfactive  organs  of,  716. 
Pulmonic  apparatus,  transitional  forms  of, 

8,  323—325. 
Pwpa  of  Insects,  509 — 601  ;  circulation  in, 

239  ;  nervous  system  in,  671. 
Pupil,  varying  diameter  of,  735. 
Pycnogonidce,  digestive  apparatus  of,  176, 

177  ;  movement  of  nutritive  fluid  in, 

244. 

Pyrosomidce,  luminosity  of,  445, 


Q. 

Quadrumana,  differentiation  of  members 
of,  20. 

Queen-Bee,  artificial  production  of,  138. 


R. 

Radial  symmetry,  41. 

Radiata,  general  characters  of,  38,  41 — 

50  ;  nervous  system  of,  653,  654. 
Receptaculum  chyU,  205. 
Recrementitious  Secretions,  416. 
Red  Corpuscles,  proportion  of  in  blood, 

386,  387  ;  uses  of,  389,  390  ;  approxi- 
mations to,  395. 

Reed-instruments,  similarity  of  larynx  to, 
742. 

Reflex  Action  of  Nervous  Centres,  648 — 
651  ;  in  Mollusca,  655 — 660  ;  in  Articu- 
lata,  664—667  ;  in  Vertebrata,  685— 
696. 

 of  Spinal  Cord,  685—689 ; 

of  Medulla  Oblongata,  689,  690 ;  of  Sen- 
S017  Ganglia,  690—696;  of  Cerebrum, 
698,  700,  701. 

Regeneration  of  lost  parts,  477 — 480. 

Repetition  of  similar  parts,  18 — 20;  in 
Radiata,  41,  42 ;  in  Articulata,  59. 

Reproduction,  see  Generation  and  Gemma- 
tion. 

Reptiles,  general  structure  of,  79 — 85; 
digestive  organs  of,  178;  absorbent  sys- 
tem of,  204,  205 ;  circulation  of,  258 — 
262  ;  respiration  of,  325—327  ;  blood  of, 

387,  395;  Hver  of,  421,  422;  kidneys 
of,  430;  low  temperature  of,  454;  re- 
generation of  parts  of,  479;  generation 
of,  611,  612;  development  of,  619— 
625  ;  nervous  system  of,  681 ;  organ  of 
smell  of,  718  ;  organ  of  hearing  of,  722  ; 
eye  of,  731,  732.  . 

Resins,  &c.,  composition  and  formation  ot, 
374. 

Resi'Iuation,  nature  and  purposes  of,  119, 
127,  280 — 282;  a  measure  of  vital  ac- 


SUBJECTS. 

tivity,  290,  338 ;  physical  agency  con- 
cerned in,  282,  283 ;— of  Plants,  285, 
286  ;  of  leafless  parasites,  287  ;  of  ger- 
minating seeds,  288  ;  of  flowers,  288  ; — 
of  Animals,  special  purposes  of,  290 — 
292 ;  changes  produced  by,  in  blood, 
333,  334  ;  changes  produced  by,  in  air, 
334 — 339 ;  movements  of,  690. 

 ,  Apparatus  of,  in  Plants,  283  ; 

Cryptogamia,  283,  284 ;  Phanerogamia, 
283,  289 ;  development  of,  289,  290. 

 ,  Apparatus  and  Mechanism  of, 

in  Animals,  292 — 294  ;  Protozoa,  294  ; 
Zoophytes,  294,  295;  AcalephiB,  294, 
295;  Ecliinodermata,  295—297;  Roti- 
fera,  297,  298;  Turbellaria,  298;  En- 
tozoa,  298 — 300 ;  Monoecious  Annelida, 
300  ;  Bryozoa,  301 ;  Tunicata,  301—304; 
Brachiopoda,  304,  305  ;  Lamellibranchi- 
ata,  305,  306 ;  Gasteropoda,  306,  307, 
3l7 ;  Pteropoda,  307 ;  Cephalopoda, 
307;  Annelida,  308—310;  Myriapoda, 
317,  318;  Insects,  318—322;  Crustacea, 
310—312  ;  Arachnida,  306,  307  ;  Fishes, 
312—316,  323,  324;  Amphibia,  316, 
325;  Reptiles,  325—327;  Birds,  327— 
330 ;  Mammalia,  330,  331. 

Respiratory  System  of  Nerves,  in  Articu- 
lata, 667,  668 ;  in  Vertebrata,  690. 

Rhyncosaurus,  115. 

Rhythmical  movements  of  Plants,  644  ;  of 

Animals,  645,  646. 
Rhizopoda,  40,  41 ;  ingestion  of  food  by, 

154;  luminosity  of,  443. 
Rhizostoma,  157,  158. 
Rodentia,  brain  of,  682. 
Roots,  structure  of,  33,  194 ;  growth  of, 

towards  moisture,  195,  196 ;  absorbent 

power  of,  196,  197;  exudations  from, 

409,  410. 

Rotation,  movement  of,  in  Vegetable  cells, 
362,  363. 

 of  Crops,  410. 

RoTiFEKA,  jaws  of,  166 ;  digestive  appa- 
ratus of,  174;  movement  of  nutritive 
fluid  in,  226  ;  water- vascular  system  in, 
297 ;  generation  and  development  of, 
590,  591 ;  supposed  nervous  system  of, 
670 ;  eye-spots  of,  726. 

Rudimentary  Organs,  101,  102;  purpose 
of,  359. 

Ruminantia,  rudimentary  teeth  0^  101 ; 

early  forms  of.  111 ;  peculiar  digestive 

apparatus  of,  167,  168. 
Riunination,  process  of,  168,  169. 


S. 

Sahclla,  61 ;  respiration  of,  308,  309. 
Saccharine  compounds,  use  of,  as  food,  145, 
146.. 
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Sage,  flower  of,  102. 

Suluiaander,  regeneration  of  limbs  of,  477, 
479. 

Siilicine,  metamorphosis  of,  375. 
Saljndce,  circulation  in,  248,  249 ;  respi- 
ration of,  301 — 303  ;  luminosity  of,  445 ; 

gemmation  and  generation  of,  570 — 574  ; 

organ  of  hearing  in,  719,  720. 
Sairiolun,  flower  of,  102. 
Sap,  crude,  ascent  of,  214,  215;  causes  of, 

215,  216;  elaborated,  movement  of,  217 

—219;  causes  of,  219,  220. 
SaiTucenia,  pitchers  of,  152. 
Sarsia,  gemmation  of,  558 ;  nervous  system 

of,  653. 
Sauria,  lungs  of,  326,  327. 
Sav/roid  Fishes,  circulation  in,  257,  258  ; 

air-bladder  of,  323. 
Sclerotic  plates  of  Eeptiles  and  Birds,  731, 

732. 

Scolopendridce,  63,  64 ;  circulation  in, 
236,  237  ;  respiration  in,  317 ;  develop- 
ment of,  596 ;  nervous  system  of,  663 ; 
reflex  actions  of,  665,  666. 

Scoijyionidce,  cii-culation  in,  240,  241 ; 
generation  and  development  of,  608,  609; 
nervous  system  of,  674. 

Scutifferidce,  circulation  in,  237. 

Sebaceous  follicles  of  skin,  439. 

Secondarily-automatic  movements,  696. 

Secretion,  general  nature  and  pxirposes  of, 
127,  407,  408  -.—in  Plants,  372,  409  :— 
in  Animals,  410;  nature  of  the  process, 
411 — 415;  purposes  of,  415 — 417;  me- 
tastasis of,  439,  440 ;  see  Liver,  Kidney, 
Pancreas,  Skin. 

Seed  of  Phanerogamia,  formation  and  struc- 
ture of,  36,  514—520;  germination  of, 
520,  521. 

Segmentation  of  vitellus,  537 — 539 ;  619, 
620. 

SelagineUa,  generation  of,  511. 

Selective  power  of  individual  parts,  18,  359. 

Semicircular  canals,  722  ;  uses  of,  724; 

efl'ects  of  section  of,  691,  692. 
Sensation,  709,  710  (see Sensory  Ganglia); 

general,  710;  muscular,  695;  special, 

7 10,  711 ;  perceptions  derived  through, 

711,  712;  organs  of,  see  Ifewi-ing,  Smell, 
Taste,  Touch,  and  Vision. 

Sensations,  influence  of,  in  calling-forth 
movements,  690—696  ;  in  producing  per- 
ceptions, 698,  711. 

SeD,sibiLily,  comparative,  of  different  parts. 
710.  ' 

Sensitive  Plant,  movements  of,  642,  643. 

Sensory  Ganglia  of  Vertebrata,  675—677  • 
of  Fishes,  677,  678 ;  of  Reptiles,  681 '; 
of  Birds,  681,  682;  of  Mammalia,  682— 
684  ;  functions  of,  690—696. 

Scjiiu,  anus  of,  162  ;  development  of,  583 
—  685;  nervous  system  of,  661,  662. 
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Serpents,  peculiarities  of  conformation  of, 
80—85;  lungs  of,  326. 

Serjmlce,  ingestion  of  food  by,  160;  respi- 
ratory tufts  of,  308,  309. 

Sertularidce,  movement  of  liquid  in,  170  ; 
generation  of,  552,  553. 

Sex,  circumstances  determining,  629. 

Shells  of  Mollusca,  circumstances  modifying 
form  of,  633. 

Sigillarice,  117. 

Stlurus,  electricity  of,  467 — 470. 

Single  vision,  736,  737. 

Sipuncidida,  respiration  of,  295;  nutritive 

fluid  of,  392;  nervous  system  of,  654. 
Size,  influence  of  supply  of  food  on,  137, 

138. 

Skeleton,  external  of  Artieulata,  69;  in- 
,  ternal,  of  Vertebrata,  72 — 74  ;  of  Fishes, 
77—79 ;  of  ReptUes,  80—83 ;  of  Birds, 
86—88;  of  Mammals,  90—93. 

Skin,  exhalation  of  fluid  from,  346 — 350  ; 
excretion  of  solid  matter  by,  438 ;  seba- 
ceous secretion  of,  439. 

SkuU,  of  Fishes,  77 ;  of  Reptiles,  83 ;  of 
Birds,  86,  87 ;  of  Mammals,  91,  92. 

Sleep  of  Plants,  643. 

Slug,  nervous  system  of,  659. 

Smell,  sense  of,  716  ;  in  Mollusca,  716, 
717  ;  in  Artieulata,  717 ;  in  Vertebrata, 
717,  718. 

Snail,  circulation  in,  252. 

Solen,  nervous  system  of,  656,  657. 

Soredia  of  Lichens,  26,  499. 

Sounds,  produced  by  Animals,  738;  by 
Mollusca,  738;  by  Insects,  738,  739- 
by  Vertebrata,  739—743. 

Spatangus,  142. 

Spearmint,^  exhalation  from,  S43. 

Specialisation  of  Structure,  principle  of  18- 
of  Function,  129—132.  '  ' 

Species,  meaning  of  term,  632 ;  discrimina- 
tion of,  632—635 ;  geographical  distribu- 
tion of,  635,  636;  propagation  of,  523, 

Dot). 

Speech,  743. 

Sperm-ceUs,  482;  in  Plants,  484  (see 
Antherozoids  and  Pollen-grains);  in  Aui- 
mals,  529,  530  (see  Spei-matozoa). 

Spermatia,  of  Lichens,  497;   of  Fund 
500.  ° ' 

Spermatic  Glands,  general  structure  of 
415.  ' 

Spei-matophora,  of  Cephalopods,  580 
Spermatozoa,  530-532;  development  of, 
od/,  i)66;  fecundating  power  of   533  - 
passage  of,  into  ovum,  635,  536  ' 
SpermagouLo,  of  Lichens,  497;  of  Fungi, 

Spermotheca,  531 ;   of  Insects,  597  •  of 
Crustacea,  604.  "',01 
Spherical  aberration,  734. 
Sj^hinx  utropos,  sound  produced  by,  731 
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Spldnx  ligmtri,  nervous  system  of,  663;  iu 

!f^o'^'  P^P*^'        in  imago,  671, 

07^;  extension  of  wings  of,  320;  tem- 
perature of,  455. 

Spmal  Cord,  675,  676;  in  Fishes,  678;  in 
lieptiles,  681;  functions  of,  685-689. 

Spiracles,  of  Myi-iapods,  317 :  of  Insects, 
318,  319,  321. 

Spiral  arrangement  of  foliaceous  organs. 
33,  34.  ^  ' 

Spiral  vessels  of  Plants,  289. 

Spii-iBa,  oil  of,  artificial  production  of,  375. 

Spirogyra,  antherozoids  of,  490  note; 
spores  of,  401  note. 

Spleen,  structure  and  actions  of,  384,  385. 

Sponges,  40,  41;  ciliary  action  in,  294;  see 

PORIFERA. 

Spongioles,  194;  absorbent  power  of,  194, 

Sporangium,  487  note. 

Spores  of  Cryptogamia,  25 ;  of  Protophyta, 
487—490 ;  of  Algse,  493 ;  of  Licbens, 
498  ;  of  Fungi,  500,  501 ;  of  HepaticiE 
and  Mosses,  502,  603;  of  Ferns,  505;  of 
Equisetacese,  511;  of  Lycopodiaceee,  512; 
of  Marsileacese,  513. 

Stamens,  35. 

Starch,  composition  of,  373;  use  of,  in  Vege- 
table economy,  378,  379  ;  conversion  of 
into  sugar,  in  germination,  288;  in 
flowering,  288,  289  ;  in  development  of 
buds,  289. 

Star-fisb,  see  Asterias. 

Starvation,  effect  of,  in  dwarfing,  137,  138. 

Stem,  various  forms  of,  7 ;  of  Ferns,  31 ; 
of  Phanerogamia,  structure  of,  33;  mode 
of  increase  of,  371,  372. 

Stemmata  of  Insects,  728. 

Stereoscopic  pictures,  736,  737. 

Stigmata  of  Insects,  318,  319,  321. 

Stomach  of  Animals,  required  by  nature  of 
thek-  food,  141,  142.;  adumbration  of,  in 
Plants,  151,  152. 

Stomata,  340-— 342. 

Stomapoda,  respiration  of,  31. 

Stomato-gastric  system  of  Mollusca,  660 ; 
of  Articulata,  668,  669. 

Strobila,  or  polypoid  larva  of  Medusa,  554 
—557. 

Struthionidce,  lungs  of,  329. 

Subdivision  of  cells,  in  Plants,  364 — 366, 
485;  in  Animals,  397,  398;  relation  of, 
to  Greneration,  481,  482. 

Suction,  reflex  act  of,  690. 

Suctorial  Animals,  159. 

Sugar,  production  of  in  liver,  380,  402  ;  in 
milk,  403,  630,  631. 

Sulphates,  Alkaline,  production  and  excre- 
tion of,  404,  436. 

Support,  organs  of,  comparison  of,  3 — 6. 

Suiinam  Toad,  protection  to  e'ggs  of,  612. 

Swallowing,  act  of,  689. 

Symmetrical  Diseases,  18,  359. 
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Sympathetic  System,  651 ;  of  Gasteropoda 
660  ;  of  Articulata,  668,  669  ;  of  Verte- 
brata,  685 ;  functions  of,  703,  704. 

Synaptu,  fissiparous  multiplication  of,  561. 

Synbranchus,  respiration  of,  315. 

Syngamus,  generation  of,  590. 

Syngnatlddce,  marsupial  pouch  of,  611. 

T. 

Tadpole,  metamorphosis  of,  259 — 261,  316, 
317 ;  eff'ect  of  its  retardation,  on  blood- 
corpuscles,  355,  356. 

Tcenia,  water-vascular  system  in,  298  • 
generation  and  development  of,  585— 
587. 

Talitms,  nervous  system  of,  672. 
Tannin,  influence  of,  on  roots,  196;  exuda- 
tion of,  from  roots  of  oak,  410. 
Tapetum  of  Eye,  732. 
Taste,  sense  of,  715. 

Tauro-cholic  Acid,  426;  production  of 
404. 

Teeth,  of  Echinida,  165;  of  Fishes,  79;  of 
Reptiles,  84,  85 ;  of  Mammals,  93,  94 ; 
theii-  closer  conformity  to  archetype  in 
earlier  Mammals,  111  ;  their  use  in  re- 
duction of  food,  167 ;  rudimentary  con-, 
dition  of,  101 ;  exuviation  of,  353. 

Teleosawiis,  110. 

Temperatui-e,  sense  of,  714;  see  Heat. 

Tendrils  of  Plants,  5. 

Tcrebella,  circulation  in,  231 — 233 ;  respi-^ 
ration  of,  309;  nutritive  fluid  of,  393; 
development  of,  594,  595. 

Teredo,  development  of,  576,  577. 

Tergijxs,  development  of,  580. 

TerricolcB,  62 ;  generation  of,  592,  593. 

Testes,  532 ;  see  Generation. 

Tethya,  generation  of,  543. 

Tetrabranchiate  Cephalopoda,  114. 

Tetrarhynciis,  development  of,  587. 

Thalami  Optici,  677,  680. 

Thallogens,  23;  diverse  modes  of  evolu- 
tion of,  27  note. 

Thallus,  of  Protophyta,  22  ;  of  Thallogens, 
23. 

Thaumantias,  gemmation  of,  558. 
Thoracic  Duet,  206;  fluid  of,  583. 
Thymus  Gland,  structure  and  actions  of, 

384,  385. 
Thyi-oid  Gland,  384. 
TiUandsia,  receptacles  for  fluid  in,  151. 
Tissues,  formation  of,  356 — 358 ;  general 

conditions  of,  358 — 360 ;  see  Cclh  and 

Fibres. 

Tongue,  papillary  structure  of,  715. 

Torpedo,  electricity  of,  467 — 472 ;  nutri- 
tion of  embryo  in,  611. 

Torida  cercvisUe,  propagation  of,  501, 
502. 
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Touch,  sense  of,  712;  special  organs  of,  in 
Insects  and  Crustacea,  713  ;  in  Batrachia, 
712;  in  Birds,  712;  in  Mammals,  712, 
713  ;  tactile  employment  of,  714. 

Toxodon,  116. 

Tracheoe,  ofMyriapods,  317,318;  of  Insects, 

318—320. 
Tradescantia,  rotation  of  fluid  in,  862. 
Trains  of  Thought,  700,  701. 
Transudation  of  fluid  from  Animals,  346. 
Transmutation  of  species,  doctrine  of,  106, 

107,  476. 

Trematoda,  digestive  apparatus  of,  174 ; 
absence  of  circulation  in,  225 ;  water- 
vascular  system  in,  299 ;  nutritive  fluid 
of,  393 ;  generation  and  metamorphosis 
of,  587—589. 

Tr'ujla,  spinal  cord  of,  679. 

Trilohitcs,  their  resemblance  to  lai'val  forms 
of  Limulus,  107  ;  eyes  of,  728,  729. 

Tropieoluvi,  monstrosity  of,  105. 

Tuhicolce,  63 ;  respiration  of,  308,  309 ; 
gemmation  of,  592  ;  generation  of,  592 ; 
development  of,  593 — 595. 

Tubularidce,  movement  of  liquid  in,  170; 
reproduction  of  head  of,  478 ;  generation 
of,  551,  552. 

TuNiOATA,  general  characters  of,  51,  57, 
58 ;  circulation  in,  246 — 249  ;  respiration 
in,  301 — 304 ;  liver  of,  421 ;  luminosity 
of,  445;  multiplication  of,  by  gemma- 
tion, 570 ;  generation  and  development 
of,  571 — 573 ;  nervous  system  of,  655, 
656;  organs  of  hearing  of,  719;  eyes  of, 
726. 

Turbellaria,  water-vascular  system  in,  298. 

Tympanic  apparatus,  722,  723. 

Type  of  structure,  general  conformity  to, 

10 — 12  ;  diversities  of,  in  Plants,  15,  16; 

in  Animals,  16,  17. 


U. 

Ulvce,  22;  multiplication  of  by  zoospores, 
491. 

Unicellular  Animals,  153,  154 ;  see  Pko- 

TOZOA. 

 Plants,  21,  22;  see  Photo- 

PHTTA. 

Unisexual  Animals,  530 ;  Plants,  35,  36. 

Unity  of  Composition,  law  of,  10;  limita- 
tions of,  15 — 17. 

Urea,  434—436  ;  production  of,  404,  437. 

Uric  Acid,  435,  436;  production  of,  404, 
437. 

Urine,  composition  and  properties  of,  434 — 
436;  uses  of  excretion  of,  436 — 438;  me- 
tastasis of  secretion  of,  440. 

Uterus  of  Mammalia,  616,  617 ;  changes 
in,  consequent  upon  impregnation,  625, 
626. 


SUBJECTS.  769 
V. 

Valerianic  Acid,  artificial  production  of,  375. 

VaUisncria,  i-otation  of  fluid  in,  362 ;  fecun- 
dation in,  517. 

Varieties,  632 ;  origination  of  new,  638 ; 
propagation  of,  523. 

Vasa  lutea,  623. 

Vascular  Area,  269,  620,  621. 

Vascular  Glands,  structure  and  actions  of, 
384—386. 

Vegetable  Excretions,  supposed,  409,  410. 

Veqetablb  Kingdom,  principal  types  of 
structure  of,  15,  16;  general  view  of,  20 
— 37 ;  geological  succession  of,  117  ;  food 
of,  derived  from  Inorganic  world,  139, 
140. 

Vegetative  repetition  of  Organs,  18 — 20. 
Veins,  223  ;  development  of,  275,  276. 
Vena  Portse,  see  Portal  Circulation. 
Vertebrfe,  general   structure   of,  72 ;  of 

Fishes,  78  ;  multiplication  of  in  Reptiles, 

81. 

Vertebraia,  general  characters  of,  39,  71 
• — 77  ;  greatest  differentiation  of  parts  in, 
19  ;  predominance  of  Nervous  system  in, 
72 ;  skeleton  of,  72 — 74 ;  intelligence 
and  general  perfection  of,  74  ;  visceral 
system  of,  74 — ^76 ;  generation  of,  76  ; 
classification  of,  76,  77 ;  prehensile  ap- 
pendages of,  163  ;  blood  of,  385—391 ; 
development  of,  619—624  ;  nervous  sys- 
tem of,  675—677. 

Vessels,  of  Plants,  214,  218  ;  development 
of,  220  ;— of  Animals,  222,  223  ;  deve- 
lopment of,  224,  225,  269—277;  see 
Arteries,  Capillaries,  and  Veins. 

Vibrissse,  tactile  iises  of,  713,  714. 

Villi  of  Intestine,  182,  201. 

Visceral  system  of  Nerves,  see  Sympathetic. 

Vision,  725  :■ — Organsof,  rudimentary,  726  ; 
in  Articulata,  726 — 729 ;  in  Mollusca, 
729,  730 ;  in  Vertebrata,  730—732;  deve- 
lopment of,  733  :— Sense  of,  733—737. 

Vital  Force,  its  relations  to  Physical  and 
Chemical  Forces,  356. 

Vitelline  duct,  622. 

  vessels,  623. 

ViteUus  of  Ovum,  534;  segmentation  of,, 

536—539,  619,  620. 
Voice,  organ  of,  740 — 743. 
Volitional  Movements,  650,  707;jnecba- 

nism  of,  703. 
Vohox  glohator,  95. 
Vorticella,  metamorphoses  of,  541,  542. 

W. 

Warm-blooded  animals,  respiration  of,  338. 

Waste  of  tissues,  by  exercise  of  Animal  Func- 
tions, 123,  134  ;  results  of,  shown  in  Re- 
spiration, 291  ;  iu  other  Excretions,  416. 
3  D 


' ' ^  INDEX  OF 

Water-  Vasctdar  System,  293  ;  of  Echino- 
dermata,  296,  297;  of  Rotifera,  297, 
298;  of  Turbellaria,  298;  of  Cestoidea, 
298,  299 ;  of  Trematoda,  299 ;  of  Nema- 
toidea,  299,  300;  of  Monoecious  Anne- 
lida, 300. 

Whale,  ingestion  of  food  by,  160. 

White  Corpuscles  of  blood,  390. 

Will,  power  of,  over  Mental  Action,  702 ; 
over  bodily  movements,  650,  703,  707. 

Wings  of  Animals,  comparison  of,  3 — 6. 

 Insects,  extension  of,  by  respiratory 

efforts,  320,  321 ;  development  of,  601. 

Wolffian  bodies,  433 ;  permanent,  of  Fisbes, 
430. 

Woorara  poison,  experiments  with,  on  Ab- 
sorption, 199  note. 
Wood,  growth  of,  371,  372. 


SUBJECTS. 

Y, 

Yeast-plant,  propagation  of,  501,  502. 
Yolk,  534;  segmentation  of,  536—569, 
619,  620. 


Z. 

Zoanthidce,  composite  stomach  of,  171. 
Zona  peUucida  of  Mammalian  ovum,  617. 
Zonaria,  24. 

Zooids,  628  ;  see  Gemmation. 

Zoophytes,  see  Polypifera. 

Zoospores,  of  Protophyta,  22,  367;  multi- 
plication of  Confervas  and  Ulvse  by,  491; 
multiplication  of  Fucaceaa  by,  494. 

Zygnema,  conjugation  of,  489,  490. 


THE  END. 
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